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Abstract

AIM: To investigate the expression of HuR in pancreatic
ductal adenocarcinoma (PDA) and to assess the effects
of HuR silencing on the expression of cyclooxygenase-2
(COX-2) and heme oxygenase-1 (HO-1) and the /in vitro
response to gemcitabine (GEM) treatment in pancreatic
cell lines.

METHODS: We compared the expression of HuR,
COX-2, and HO-1 in PDA and normal pancreatic
tissue using quantitative reverse transcription
polymerase chain reaction (qRT-PCR) and western
blot. In addition, the HuR, COX-2 and HO-1 were
analyzed in four types of cancer cell lines (MiaPaca2,
Su.86.86, Capan-1, and Capan-2) with and without
GEM treatment. Immunocytofluorescence analysis
was used to investigate HuR localization in cells. Cell
viability and response to GEM after HuR silencing were
determined with the 3-(4,5-dimethylthiazol-2-YI)-2,5-
diphenyltetrazolium bromide test and the crystal violet
clonogenic assay, respectively. To measure apoptosis,
activation of caspases 3/7 was evaluated using
immunofluorescence.

RESULTS: In PDA tissue obtained from patients not

treated with GEM, #uR mRNA expression was 3.2
times lower (P < 0.05) and COX-2 and HO-1 mRNA
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expression was 2.3-fold and 7.2-fold higher (P < 0.05),
respectively, than normal pancreatic tissue (from organ
donor). gqRT-PCR analysis showed that #uR, COX-2, and
HO-1 mRNA were overexpressed in all cancer cell lines
treated with the half maximal inhibitory concentration
(ICs0) dose of GEM compared with control cells (P <
0.05). Western blot analysis revealed that COX-2 and
HO-1 levels were significantly decreased in cancer
cells after HuR silencing. Furthermore, HuR silencing
increased the response to GEM treatment and
decreased cell viability by 11.6%-53.7% compared
to control cell lines. Caspases 3 and 7 were activated
after HuUR silencing and GEM treatment in all pancreatic
cancer cell lines. In comparison, treatment with GEM
alone did not activate caspases 3 and 7 in the same cell
lines.

CONCLUSION: HuR mediated post-transcriptional
upregulation of COX-2 and HO-1 expression after GEM
treatment in pancreatic cancer cells. HuR silencing
significantly increased the effectiveness of GEM
treatment /n vitro.

Key words: HUR; Pancreatic cancer; Chemotherapy;
Cyclooxygenase-2; Post-transcriptional regulation;
Heme oxygenase-1

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The mRNA binding protein HuR is normally
located in the nucleus and is activated by specific
stressors. HUR has been reported to regulate the
expression of many proteins by different post-
transcriptional mechanisms, including mRNA trafficking,
mRNA stabilization, and protein translation. HuR is
also involved in the post-transcriptional modification
of cytoprotective molecules, such as cyclooxygenase-2
and heme oxygenase-1, which may be related to
the increased resistance of pancreatic cancer to
chemotherapy. HuR silencing significantly increases the
effectiveness of gemcitabine treatment /n vitro.
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INTRODUCTION

Pancreatic cancer has become the fourth leading cause
of cancer related deaths worldwide'"!. The incidence
of pancreatic cancer is increasing, and it threatens
to become the third leading cause of cancer related
deaths in Europe, if this trend persists®. Pancreatic
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cancer has a very poor prognosis, and, at present,
surgical resection is the only curative treatment.
Unfortunately, most patients are diagnosed at the
stage of metastatic illness, and only 15%-20% of
pancreatic cancer patients are eligible for curative
surgery. However, even after radical surgery, many
relapse locoregionally and/or with distant metastases.

The lethality of pancreatic cancer is undermined
by rapid invasion of the surrounding tissue, early
metastatic disease, and poor response to standard
chemotherapy and radiotherapy®. Currently, surgical
resection and chemotherapy regimens, that include
gemcitabine (GEM) (2’,2’-difluorodeoxycytidine),
provide the best clinical benefits. In fact, for more
than 10 years, GEM has been the reference drug for
the treatment of this often fatal disease'. A number
of new anti-cancer drugs were introduced in the last
decade with the hope of improving the survival of
pancreatic cancer patients. Despite tenacious efforts
to develop new agents, none of the currently available
chemotherapeutic agents have an objective response
rate higher than 10%", The unchanged outcomes
of pancreatic cancer treatment over the decades
mandate further research to develop novel therapeutic
agents.

Alterations in enzymatic activity and post-
transcriptional regulation in tumor cells might be
responsible for the exceptional resistance of pancreatic
cancer to conventional treatment. Normally, post-
transcriptional regulation plays a critical role in the
process of cell proliferation and apoptosis, but in cancer
cells, this control might be impaired by changes in
the expression of RNA binding proteins. HuR (ELAV1)
is an RNA binding protein that has been shown to
regulate the expression of multiple genes by different
post-transcriptional mechanisms, including messenger
RNA (mRNA) trafficking, mRNA decay, and protein
translation™. The expression of HUR and other RNA
binding proteins has been shown to be altered in
several pathological conditions, including cancer.
Increasing evidence support HuR as the first RNA-
binding protein shown to play a critical role in both
carcinogenesis and cancer progression by functioning
as either an oncogene or a tumor suppressor that
regulates the expression of various target genes'™.
Many HuR targeted mRNAs encode stress-response,
immune-response, cell cycle regulatory proteins,
oncogenes, and tumor suppressor genes, including
such therapeutic targets as cyclooxygenase-2 (COX-2)
and heme oxygenase-1 (HO-1)"®. HuR modulates
these transcripts in response to stimuli, such as
therapeutic agents (i.e., tamoxifen and prostaglandin),
nutrient depletion (polyamines, amino acid starvation),
heat shock, immune stimuli, short-wavelength
ultraviolet (UV) irradiation, oxidants, and transcriptional
inhibitors (actinomycin D)™,

COX-2 (also known as prostaglandin endoperoxide
synthase) is a key enzyme in the biochemical pathway
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leading to the synthesis of prostaglandins. In pancreatic
tumors COX-2 is commonly overexpressed, and pre-
clinical evidence indicates that selective COX-2 inhibition
enhances both chemotherapy and radiotherapy respon-
se, without damaging normal tissuet?,

HO-1 is believed to be the key enzyme involved
in protecting cells against stress. Its overexpression
in different types of human cancers supports the
notion that HO-1 provides a growth advantage and
contributes to cellular resistance against chemotherapy
and radiotherapy!!. A study by Berberat et a/'**
showed that in human pancreatic cancer there was
a 6-fold and 3.5-fold upregulation of HO-1 mRNA
and protein levels, respectively, when compared to
normal pancreatic tissue. Treatment of the pancreatic
cancer cell lines with GEM or radiation further induced
HO-1 expression. In contrast, a targeted knockdown
of HO-1 expression led to pronounced growth in-
hibition of pancreatic cancer cells and made tumor
cells significantly more sensitive to radiotherapy and
chemotherapy™.

The role of HuUR in regulating the cytoprotective
effects of COX-2 and HO-1 in pancreatic ductal
adenocarcinoma (PDA) is not clear. Previous studies
have demonstrated that HuR expression in PDA
specimens after chemotherapy treatments can be both
cytoplasmic and nuclear™*®), The aim of our study
was to investigate the expression of the mRNA binding
protein HuR in PDA. In addition, we assessed the
effects of HuR silencing on the expression of COX-2
and HO-1 and its role in chemoresistance of pancreatic
cancer.

MATERIALS AND METHODS

Human pancreatic cancer tissues collection

Pancreatic carcinoma tissues were obtained from 20
patients undergoing a partial duodenopancreatectomy
(Whipple resection) for pancreatic carcinoma. Normal
pancreatic tissue samples were obtained, through an
organ donor program, from six individuals who were
free of pancreatic disease. All hormal tissue samples
were obtained from the head of the pancreas to
ensure comparability with the tumor samples. In all
experiments, tissue sections of normal and cancerous
pancreas samples were processed simultaneously
to ensure comparability of the results. Freshly
removed tissue samples were placed in RNALater
(Ambion; Huntingdon, United Kingdom), whereas
tissues for protein extraction were snap frozen in
liquid nitrogen in the operating room upon surgical
removal and maintained at -80 C until use. Ethical
approval was issued by the Ethics Committee of the
Lithuanian University of Health Sciences (Nr. BE-2-10
and BE-2-17). Consent for the use of routine blood
samples, biopsies, and surgical tissue specimens for
research purposes was obtained from all the patients
or their representatives.
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Cell lines and growing conditions

Human pancreatic cancer cell lines Capan-1, Capan-2,
MiaPaca2, and Su.86.86 were used for analysis. Cells
were grown in monolayers in sterile 25 cm® capacity
flasks with 5 mL RPMI medium (Gibco/Invitrogen,
Carlsbad, CA, United States). Flasks with cells were
cultured in an incubator and maintained at a moist
temperature of 37 °C, 5% CO: enriched environment.
Capan-1, MiaPaca2, and Su.86.86 cells were grown
in RPMI medium (Gibco/Invitrogen) with 10% fetal
bovine serum (FBS) (Gibco/Invitrogen) and 1%
penicillin/streptomycin solution (Gibco/Invitrogen).
Capan-2 cells were grown in RPMI medium with 20%
FBS and 1% penicillin/streptomycin solution.

GEM treatment of cells and ICso measures

Cells were seeded in 96-well cell culture plates (3
x 103 cells/well) and were treated with GEM (Eli
Lilly, Indianapolis, IN, United States) to each well
at separate concentrations of 0, 1, 5, 10, 50, 100,
500, 1000, 2000, and 5000 ng/mL to test the half
maximal inhibitory concentration (ICso) of GEM.
Treated cells were maintained at 37 °C in 5% CO: for
72 h. To measure the proportion of living cells, the
3-(4,5-dimethylthiazol-2-Yl)-2,5-diphenyltetrazolium
bromide (MTT) method was used (see “MTT viability
test”).

The ICso was 50 ng/mL for MiaPaca2, 23 ng/mL for
Su.86.86, and 5 pg/mL for Capan-1. Capan-2 failed
the ICso measurement because of stable viability at
the highest GEM concentration. Therefore, we used
IC40, which was 5 pg/mL GEM, for experiments in the
Capan-2 cell line.

MTT viability test

Cell viability was assessed by MTT (Invitrogen). The
culture medium was removed, and the cells were
incubated with MTT (5 mg/mL) for 4 h at 37 °C. After
4 h incubation, the MTT solution was removed, and
the formazan product was extracted and diluted
with DMSO (Carl Roth GmbH, Karlsruhe, Germany)
by gentle agitation for 15 min. The absorbance was
measured with a Sunrise spectrophotometer (Tecan,
Austria) at a wavelength of 550 nm and reference 620
nm.

Transfection

HuR (sense sequence 5'-GCGUUAUCCGGUUU-
GACATT-3’; antisense sequence 5-UGUCAAACCGGAU-
AAACGCAA-3’) and negative control small interfering
RNAs (siRNA) were purchased from Ambion (Foster
City, CA, United States). Transfection was performed
when cell cultures had reached 70%-80% confluence
in 96 or 6-well plates or 25 cm? flasks. Lipofectamine
2000 (Gibco/Invitrogen) was used according to
the manufacturer’s instructions for all transfections
with Optimem medium (Gibco/Invitrogen). Some
experiments included two groups of control cells -
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Figure 1 siHuR silencing efficiency in pancreatic cancer cells. siHuR silencing efficiency was evaluated by western blot analysis 72 h after transfection. HuR:

Human antigen R.

untreated control and a control treated with a siRNA
negative control. Transfection efficiency was assessed
using Block-iT alexa fluor red reagents (Invitrogen).
Silencing efficiency was evaluated by western blot
analysis (Figure 1). Transfection of HUR siRNA were
performed 24 h before the GEM treatment. All assays
were performed 72 h after GEM treatment.

RNA extraction and real-time polymerase chain reaction
Total RNA extraction was performed from tissues and
cultured cells using PureLink RNA easy kit (Ambion)
and TRI reagents (Zymo, Irvine, CA, United States),
according to the manufacturer’s protocol. Purified
RNA was quantified and assessed for purity by UV
spectrophotometry (NanoDrop, Wilmington, DE, United
States). Complementary DNA (cDNA) was generated
from 1 ug of RNA with Super Script Vilo Master Mix
(Invitrogen). The amplification of specific RNA was
performed in a 20 ulL reaction mixture containing
2 uL of cDNA template, 1 x PCR master mix, and
the primers. The PCR primers used for detection
of HuR, HO-1, and Cox-2 were from Invitrogen:
COX-2: Forward, GAATCATTCACCAGGCAAATTG;
Reverse, TCTGTACTGCGGGTGGAACA; HuR:
Forward, GTGAACTACGTGACCGCGAA; Reverse,
GACTGGAGCCTCAAGCCG; HO-1: Forward,
TGCTCAACATCCAGCTCTTTGAGGA; Reverse,
CAGGCAGAGAATGCTGAGTTC. The PCR products were
loaded onto 1.5% agarose gels and visualized with
ethidium bromide under UV light.

Western blot analysis

Whole cells were lysed using RIPA lysis buffer with
protease inhibitors (Roche, Basel, Switzerland) and
centrifuged at 10000 g for 10 min. The supernatants
were assayed for protein concentration with bicin-
choninic acid (BCA) protein assay kit (Thermo
Scientific, Boston, MA, United States). Protein samples
were heated at 97 °C for 5 min, and 50 ug of the
samples were subjected to 4%-12% sodium dodecy!l
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to poly-vinylidene fluoride (PVDF)
membranes at 30 V for 50 min. Next, membranes
were blocked with blocking buffer (Invitrogen) for
30 min at room temperature. Membranes were then
incubated overnight at 4 ‘C with primary antibodies.
The following primary antibodies were used: 1:1000
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mouse monoclonal anti-HuR (Invitrogen), rabbit
monoclonal anti-Cox-2 (Abcam, Cambridge, MA,
United States), rabbit monoclonal anti-HO-1 (Abcam)
and mouse monoclonal anti B-actin (Ambion). The
membranes were washed with antibody washing
buffer (Invitrogen) and incubated in the appropriate
peroxidase-conjugated secondary antibody solution
(Invitrogen) for 30 min. Subsequently, membranes
were washed again with antibody washing buffer
(Invitrogen) and incubated with chemiluminescence
substrate (Invitrogen). Results were analyzed with a
UVP documenting system (UVP, Upland, Canada).

Immunofluorescence

Cells were cultivated on chamber slides for 72 h with or
without treatment. A mixture of 96% ethanol with 5%
glacial acetic acid was used for fixation and 0.5% Triton
X-100 for permeabilization. Cells were subsequently
incubated with the primary mouse monoclonal anti-
HuR antibody (Invitrogen) and secondary Alexa Fluor
488 goat anti-mouse immunoglobulin (IgG) (H +
L) antibody and processed. Cell nuclei were stained
with DAPI (Life Technologies, Carlsbad, CA, United
States) and chamber slides were mounted for analysis
with Olympus IX71 fluorescent confocal microscope
(Olympus Corporation, Tokyo, Japan).

For caspases 3 and 7 activation analysis, CellEvent™
Caspase-3/7 Green ReadyProbes Reagent (Life
Technologies) was used. Cells were prepared according
to the manufacturer’s instructions and analyzed with
Olympus IX71 fluorescent confocal microscope.

Crystal violet staining

The colony formation of pancreatic cancer cells was
evaluated using a crystal violet (CV) stain assay.
The cells were cultivated in 24-well culture plates,
and after 20 min, the stain was removed, and the
wells were rinsed in water. Plates were dried at room
temperature, and morphology of cells was observed
under an Olympus IX71 phase-contrast. Stains from
cells were diluted in 0.5 mL of 50% ethanol diluent for
30 min, and absorption was measured at 550 nm for
quantitative CV analysis.

Statistical analysis
Statistical analysis was performed using SPSS 18.0
software (SPSS Company, Chicago, IL, United States).

December 14, 2015 | Volume 21 | Issue 46 |



Jakstaite A et a/. HUR mediated chemoresistance in pancreatic cancer

9 -~

8 | [J Cancer
s 7L B Normal
3
s 6
x
[}
< 5 -
z
E 4 r
he)
8 3 F
©
E 2L
o
=2

=l

0

HuR HO-1 COX-2

Figure 2 HuR, HO-1 and COX-2 mRNA expression analysis in tissues.
Quantitative reverse transcription polymerase chain reaction (qQRT-PCR)
analysis revealed normalized HuR, HO-1, and COX-2 mRNA expression
in normal tissues (n = 6) compared to pancreatic cancer tissues (n = 20)
with standard deviation (P < 0.05). For normalization, B-actin housekeeping
gene and AACt method was used. HO-1: Heme oxygenase-1; COX-2:
Cyclooxygenase-2; HuR: Human antigen R.

The data are presented as mean £ SE or median
and range. As the hypothesis of “normal distribution
of data” was rejected by the Shapiro-Wilkstest,
nonparametric statistical tests were used. The Mann-
Whitney test was used for comparison of mRNA and
protein expression levels between groups. Statistical
significance was defined as P < 0.05

RESULTS

HuR, HO-1, and COX-2 expression in human PDA tissue
RT-PCR analysis (Figure 2) revealed that HUR mRNA
expression was 3.2-fold lower (P < 0.05) in PDA than
normal pancreatic tissue. The expression of COX-2 and
HO-1 mRNA levels in pancreatic cancer tissue were 2.3
and 6.9-fold higher (P < 0.05 for both), respectively,
compared to normal tissue.

Similarly, the western blot analysis (Figure 3)
showed that the protein level of HuR was 1.8-fold
lower in pancreatic cancer tissues compared to normal
tissue (P < 0.05), while the expression of HO-1 and
COX-2 proteins were, accordingly, 10.8 and 3.2-fold
higher in the pancreatic cancer tissue (Figure 4).

Treatment with GEM induces overexpression of

HuR, HO-1, and COX-2 mRNA and protein in human
pancreatic cancer cells lines

RT-PCR analysis showed that HUR, COX-2, and HO-1
mRNA were overexpressed in Capan-1, Capan-2,
MiaPaca2, and Su.86.86 cell lines treated with the
ICs0 dose of GEM compared with control cells (P <
0.05) (Figure 5). HUR mRNA expression was 1.1-1.7
fold higher in cells treated with the ICso dose of GEM
compared to untreated cell lines (P < 0.05). COX-2
mMRNA overexpression was seen in all cell lines and
was 2.1-6.1 fold higher in cells treated with the ICso
dose of GEM (P < 0.05). Only in MiaPaca2 control cells
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Figure 3 Human antigen R protein expression analysis in tissues.
Quantitative western blot analysis revealed 1.8-fold higher expression of HuR in
normal pancreas tissues compared to pancreatic cancer tissues. Colon cancer
tissue was used as a positive control. HUR: Human antigen R.

was COX-2 expression not observed in some of the
experiments. HO-1 mRNA expression was 1.1-4.3 fold
higher in cells treated with ICso dose of GEM compared
to control (P < 0.05).

HuR silencing sensitizes cancer cells to GEM treatment
by inducing apoptosis

To demonstrate that HuR silencing has an effect
on COX-2 and HO-1 expression and sensitivity to
chemotherapy, pancreatic cancer cell lines were
transfected with either anti-HuR siRNA or control siRNA.
HuR, COX-2, and HO-1 proteins were abundantly
expressed in all cell lines after GEM treatment. Western
blot analysis revealed that expression of these proteins
was decreased in Capan-1, Capan-2, MiaPaca2, and
Su.86.86 cell lines transfected with anti-HuR siRNA and
treated with GEM compared to cells treated with GEM
alone (Figure 6).

Treatment with GEM ICso dose decreased the
viability of all the studied pancreatic cancer cell lines.
Moreover, HUR siRNA transfection further decreased
cell viability in all cancer cell lines: MiaPaca2 - 53.7%,
Su.86.86 - 49.4%, Capan-1 - 11.6%, and Capan-2 -
15% (Figure 7). In contrast, transfection with control
siRNA did not affect cell viability or the response to
GEM treatment. Although HuR silencing sensitized
pancreatic cancer cells to GEM, HuR siRNA alone did
not affect cell viability. CV assay also confirmed that
cell viability and adhesion significantly decreased in
cells transfected with anti-HuR siRNA and treated with
GEM when compared to cells that were treated with
GEM alone: MiaPaca2 - 44.2%, Su.86.86 - 62.9%,
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Figure 4 COX-2 and HO-1 protein expression analysis in tissues. Expression of COX-2 and HO-1 proteins was, accordingly, 3.2 and 10.8-fold higher in pancreatic
cancer tissue compared to normal pancreatic tissue. HO-1: Heme oxygenase-1; COX-2: Cyclooxygenase-2.
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Figure 5 HuR, COX-2, and HO-1 mRNA expression in pancreatic cancer cells. Quantitative reverse transcription polymerase chain reaction (QRT-PCR) analysis
revealed higher normalized HuR (A), COX-2 (B), and HO-1 (C) mRNA values in GEM treated cells compared to control cells (P < 0.05). Data from three independent
experiments are shown. For normalization B-actin housekeeping gene and AACt method was used. HO-1: Heme oxygenase-1; COX-2: Cyclooxygenase-2; HuR:
Human antigen R.
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Figure 6 HuR, HO-1, and COX-2 protein expression analysis in pancreatic cancer cells. The western blot analysis revealed differences in protein level between
control cells and cells treated with gemcitabine (GEM) and cells treated with GEM after HuR silencing (A). The quantitative Western blot analysis revealed the relative
concentration of COX-2 (B), HuR (C), and HO-1 (D) in each of the experimental groups. HO-1: Heme oxygenase-1; COX-2: Cyclooxygenase-2; HuR: Human antigen R.

Capan-1 - 19.6%, and Capan-2 - 25.9% (Figure 8).
The microscopic image analysis revealed morphological
changes of pancreatic cancer cells after adjuvant
treatment (Figure 9). While GEM treatment increased
cell size 2-5 times, on average, a combination of anti-
HuR siRNA and GEM treatment resulted in decreased
cell size and loss of typical morphology (many cells
became shapeless, spherical, and/or fragmented).
Based on previous findings of other authors and
aforementioned observations, we hypothesized that
HuR silencing induced cell cycle arrest and/or apoptosis.
To verify the induction of apoptosis, the activity of
cleaved caspases 3 and 7 was evaluated. Fluorescence
microscopy analysis showed the activation of caspases
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3 and 7 after HuR silencing and GEM treatment in all
pancreatic cancer cell lines (Figure 10). In comparison,
treatment with GEM alone did not activate caspases 3
and 7 in the same cell lines.

HuR proteins shuttle from the nucleus to the cytoplasm
in human pancreatic cancer cell lines

HuR is predominantly nuclear, but in response
to various stimuli, it mobilizes to the cytoplasm,
prolonging target mRNA half-life and modulating target
mRNA translation'™. In our analysis, HUR protein
was mainly localized to the nucleus of non-treated
pancreatic cancer cells (Figure 11). Strong cytoplasmic
expression was seen only in MiaPaca2 and Su.86.86
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Figure 7 Cell viability analysis (MTT). Viability was analyzed in control cells, cells treated with gemcitabine (GEM) ICs0, siHUR alone, and GEM ICso treatment after
HuR siRNA Transfection with HUR siRNA had little or no effect on cell viability, while HuR silencing dramatically increased response of pancreatic cancer cells to the
GEM treatment. HuR: Human antigen R.
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Figure 8 Colony formation of pancreatic cancer cells (crystal violet). A: The colony formation (CV analysis) in 12-well plates; B: Quantitative CV analysis showed
that cell surface coverage area was decreased in cells treated with GEM ICso after HUR siRNA transfection compared with cells treated only with GEM ICs. HuR:
Human antigen R; CV: Crystal violet.
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Figure 9 Morphological changes in the microscopic image of pancreatic cancer cells (magnification x 20). Cells became enlarged after gemcitabine (GEM)
treatment but became smaller, shapeless or spherical, and fragmented after combined HuR siRNA transfection and GEM treatment. HuR: Human antigen R. Average
cell size is labeled by yellow dashes.

cells after GEM treatment. Cytoplasmic HUR expression of HuR indicate that it is a crucial regulator of post-
was less pronounced in Capan-1 and Capan-2 cell lines. transcriptional gene expression and a key player in
carcinogenesis and chemoresistance of panreatic
cancer. Multiple functions of HuR are linked to its ability
DISCUSSION to recognize, bind, and stabilize a large subset of AU
Published investigations on the biological activity rich element (ARE)-containing mRNAs. The HuR target
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mMRNAs encode a variety of factors required for cancer
cell proliferation, survival, angiogenesis, invasion, and
metastasis®*®,

Cellular expression of HuR is associated with
carcinogenesis and poor clinical outcomes in lung,
breast, oral, gallbladder, colon, and urinary tract
cancers'®*?®, Recent findings established that HuR is
a critical regulator of pancreatic cancer cell metabolism
and survival under acute glucose deprivation®,
Another study demonstrated that stressing PDA cells
by treatment with DNA-damaging anticancer agents
[mitomycin C, oxaliplatin, cisplatin, carboplatin, and
a poly (ADP-ribose) polymerase (PARP) inhibitor]

Baishidenge ~ WJG | www.wjgnet.com

13013

siHUR + GEM

Caspase 3/7

Figure 10 Analysis of caspases 3 and 7 activation in cells. Caspases 3 and 7 were activated in all cell lines treated with GEM after HuR silencing but not after
GEM alone treatment.

resulted in translocation of HuRs from the nucleus
to the cytoplasm. Importantly, silencing of HuR
in pancreatic cancer cells sensitized the cells to
these agents, whereas overexpressing HuR caused
resistance. The role of HuR in the efficacy of DNA-
damaging agents in pancreatic cancer cells was, in
part, attributed to the acute upregulation of WEE1 by
HuR. WEE1, a mitotic inhibitor kinase, regulates the
DNA damage repair pathway. Therapeutic inhibition of
WEEL1, in combination with chemotherapy, is currently
in early phase trials for the treatment of pancreatic
cancer™”,

In the present study, we hypothesised that HuR
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+GEM
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Figure 11 Immunofluorescence analysis of HuR protein expression. Nuclear and cytoplasmic HuR expression was analyzed in control and treated with
gemcitabine (GEM) cell lines. Shuttling of HuR from the nucleus to the cytoplasm was seen in cells after GEM treatment.

silencing would sensitize pancreatic cancer cells to upregulation of these cytoprotective and anti-apoptotic
GEM treatment by reducing the activity of COX-2 and molecules is mediated by the mRNA binding protein
HO-1 and inducing apoptosis. We speculated that the HuR, resulting in increased cancer cell resistance to
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adjuvant chemotherapy. Data from the present study
showed that mRNA and protein expression of HUR was
2-3 times lower in PDA tissue samples from patients
not treated with GEM relative to normal pancreas
tissue samples. Many previous reports showed that
HuR expression in cancer cells was higher than
normal cells. We want to emphasize, however, that
these studies used GEM treated pancreatic cancer
tissues, whereas we used pancreatic cancer tissue not
treated with GEM. Cellular analysis showed that HuR
expression was increased after GEM treatment.

The expression of the HuR regulated cytoprotective
molecules HO-1 and COX-2 proteins was 10.8 and
3.2-fold higher, respectively, in pancreatic cancer
tissue. An in vitro study revealed that treatment with
an ICso dose of GEM significantly upregulated HuR,
HO-1, and COX-2 expression, both at the mRNA and
protein level, in Capan-1 Capan-2, MiaPaca2, and
Su.86.86 cell lines.

It is well established that intracellular HuR is
predominantly localized within the nucleus of resting
cells. The translocation from the nucleus to the
cytoplasm appears to be an important aspect of the
stabilizing function of HuR. Many stress stimulators,
including chemotherapy by GEM, have been reported
to induce the shuttling of HUR from the nucleus to the
cytoplasm, and most exogenous stimuli significantly
increase cytoplasmic accumulation of HuR protein'®.
The present study confirmed that GEM treatment
leads to the shuttling of HuR protein from the nucleus
into the cytoplasm in MiaPaca2, Su.86.86, Capan-1,
and Capan-2 human pancreatic cancer cell lines.
These findings support the hypothesis that HuR is
an important molecule that is associated with the
regulation of increased cancer cell resistance to
extrinsic insults, such as chemotherapy, oxidative
stress, heat shock, and/or nutrient deprivation.

The need for adjuvant therapy for pancreatic
cancer is based on the high risk of local and systemic
disease recurrence and the overall poor prognosis
after tumor resection. For more than a decade, GEM
has been used as the first-line chemotherapy drug
for pancreatic cancer. Treatment failure using GEM
or other chemotherapy agents indicates suboptimal
blockage of cancer survival signals, which may be
maintained by the crosstalk of signal transduction
pathways or drug resistance™ . One of the possible
molecular mechanisms determining the increased
resistance to chemotherapeutic agents is post-
transcriptional regulation by mRNA binding proteins.
The expression and activity of RNA binding proteins
could be regulated by a number of intrinsic and
extrinsic pathways, and, thus, they potentially could
become an important group of new therapeutic
targets”®. The data from the current study supports
the notion that GEM induces HuR shuttling from the
nucleus into the cytoplasm in pancreatic cancer cells.
This results in upregulation of cytoprotective and/or
anti-apoptotic molecules and leads to the resistance
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to the standard anti-cancer treatment. Moreover, HUR
silencing by siRNA transfection significantly increased
cancer cell susceptibility to GEM in all cancer cell lines.
The fluorescent microscopy analysis showed cleaved
caspases 3 and 7 activation after HuR silencing and
GEM treatment in all pancreatic cancer cells lines, while
treatment with GEM alone did not activate caspases 3
and 7 in the same cell lines.

These findings are in contrast with previously
published data showing that patients who receive
GEM with low cytoplasmic HuR levels (compared to
high cytoplasmic HuR levels) have a 7-fold higher
risk of mortality, after adjusting for variables, such
as as age, sex, capecitabine use, and radiation
therapy. That study revealed in pancreatic cancer
cells that HUR associated with deoxycytidine kinase
(dCK) mRNA, which encodes the enzyme that
metabolizes and thereby activates GEM. Accordingly,
HuR overexpression elevated dCK protein expression
in pancreatic cancer cells and sensitized them to
GEM treatment!****, We did not analyze CK protein
expression in this study, and available data does not
support this concept. Possibly, post-transciptional
regulation via the mRNA binding proteins is much
more complex and multimodal. Therefore, these
findings mandate further in vitro and clinical research
in this field.

However, some findings of our group are in
complete concordance with the data from other
studies. In the HuR-knockdown oral cancer cells, the
cytoplasmic expression of c-fos, c-myc, and COX-2
mRNAs was inhibited compared to cells transfected with
control siRNA. In addition, the half-lives of these mRNAs
were shorter than those of their counterparts in the
control cells. The expression of cell cycle proteins, such
as cyclin A, cyclin B1, cyclin D1, and cyclin-dependent
kinase 1, was reduced in HuR-knockdown cancer cells.
Additionally, the motile and invasive activities of the
cells decreased remarkably after the HUR knockdown.
Therefore, HUR knockdown changes the features of
oral cancer cells, at least in part, by affecting their cell
cycle and shows potential as an effective therapeutic
approach®, Another group reported that HuR
translocates from the nucleus to the cytoplasm of PDA
cells upon treatment with a death receptor 5 (DR5)
agonist. High doses of DR5 agonist induced cleavage
of both HUR and caspase 8. This finding demonstrates
a feedback mechanism elicited by HuR-mediated
repression of the key apoptotic membrane protein
DR5"™., HuR translocated into the cytoplasm upon
lethal stress, by a mechanism involving its association
with the apoptosome activator pp32/putative HLA
Il -associated protein 1 (PHAP-I). Depleting the
expression of pp32/PHAP-I by RNA interference reduced
both HUuR cytoplasmic accumulation and the efficiency
of caspases 3 and 7 activation. This model, in which
HuR association with pp32/PHAP-I and its caspase-
mediated cleavage constitutes a regulatory step that,
contributes to an amplified apoptotic response®.
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These data indicated that HuR silencing not only
downregulated the activity of COX-2 and HO-1 but also
increased the pancreatic cancer cell susceptibility to
GEM by altering the cell cycle and inducing apoptosis.
Earlier studies supported the notion that reduced levels
of COX-2 and HO-1 proteins can increase the response
to GEM in pancreatic and other cancers™*",

Previous studies have demonstrated that COX-2
was scarcely expressed in the majority of normal
pancreatic tissue but increased levels of the molecule
were detected in pancreatic cancer tissue®®., A large
amount of epidemiological and experimental evidence
supports the role of COX-2 in human tumorigenesis,
particularly in colorectal cancer. COX-2 mediates
carcinogenesis through the production of 15(R)-15-
methyl prostaglandin E2 (mPGE2), which inhibits
apoptosis, promotes cell proliferation, stimulates angio-
genesis, and downgrades the immune response®™..
These findings are fully in accordance with the results
of our current study.

Our study demonstrated that HO-1 was over-
expressed in the PDA tissues. Normally, HO catabolizes
the free heme and its stress-responsive isoenzyme
HO-1 is known to protect against apoptosis.
Catabolism of free heme, which sensitizes cells to
apoptosis, is believed to underlie the cytoprotective
mechanism of HO-11%,

There are some limitations of our study. It would
be useful to investigate and compare the expression
of HUR, COX-2, and HO-1 in PDA tissue obtained both
from GEM treated and non-treated patients in order
to fully understand the underlying mechanism and the
role of HUR mediated post-transcriptional regulation
for the exceptional resistance of pancreatic cancer to
the conventional treatment. However, it is not routine
practice to give neoadjuvant chemotherapy with
GEM (or any other chemotherapeutic drug) prior to
pancreatoduodenal resection in our hospital. Therefore,
it is not possible to obtain pancreatic cancer tissue
samples after GEM treatment for research purposes in
our institution. Although this issue is a limitation of our
study, we believe that the overall results are sufficient
to demonstrate that HuR plays an important role in the
chemoresistance of pancreatic cancer cells.

In conclusion, results of the study demonstrated
that the expression of the mRNA binding protein HuR
is relatively low in PDA tissue (from patients without
previous adjuvant chemo- and/or radiotherapy).
Our in vitro study confirms that GEM treatment
strongly induces HuR expression in all pancreatic
cancer cells lines evaluated. The stabilization and
increased translation of HUR target mRNAs results in
overexpression of cytoprotective and anti-apoptotic
proteins COX-2 and HO-1, which translated to
increased resistance to GEM treatment. HuUR silencing
significantly decreased COX-2 and HO-1 expression
and sensitized pancreatic cancer cells to GEM
treatment. We propose that HuR is a new important
therapeutic target in adjuvant treatment of human
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pancreatic cancer.
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COMMENTS

Background

Post-transcriptional regulation plays a critical role in the process of cell
proliferation and apoptosis, but, in cancer, this control might be impaired by
changes in expression or function of RNA binding proteins. HuR is an RNA
binding protein that has been reported to regulate the expression of multiple
genes by different post-transcriptional mechanisms. The expression of HuUR
has been shown to be altered in several pathological conditions, including
pancreatic cancer.

Research frontiers

Alterations in enzymatic activity and post-transcriptional regulation in tumor
cells might be responsible for the exceptional resistance of pancreatic cancer
to conventional treatment. The aim of this study was to assess the changes
of HuR expression and function (i.e., the translocation from the nucleus to the
cytoplasm) after chemotherapy and to evaluate the effects of HuR silencing in
the pancreatic cancer cell lines on in vitro response to gemcitabine treatment.

Innovations and breakthroughs

This is the first study demonstrating that HuR mediated post-transcriptional
changes play an important role in the regulation of heme oxygenase-1 (HO-1)
expression in pancreatic cancer after chemotherapy. Previously, one study had
reported HUR dependent HO-1 upregulation in human fibroblasts.

Applications

Data from this study suggest that HuR is one of the key molecules responsible
for the exceptional chemoresistance of pancreatic cancer cells. HuR silencing
appears to be a potential new therapeutic target in adjuvant treatment of human
pancreatic cancer. This hypothesis needs to be tested further in studies using
animal models of cancer.

Terminology

Post-transcriptional regulation is the control of genes expression at the RNA
level. HUR (ELAV1) is an RNA that regulates the expression of multiple genes
by different post-transcriptional mechanisms, including mRNA trafficking, mRNA
decay, and protein translation.

Peer-review

This study demonstrates a role of HuR in chemoresistance of pancreatic
cancer. The authors found that treatment with GEM induced HuR
expression and its translocation from the nucleus to the cytoplasm, affecting
cyclooxygenase-2 (COX-2) and HO-1 protein expression. They also revealed
that knockdown of HUR sensitized pancreatic cancer cells to GEM treatment.
Finally, they concluded that HuR regulated the posttranscriptional modification
of cytoprotective molecules, including COX-2 and HO-1, and that HuR may be
a key molecule for induction of chemoresistance in pancreatic cancer.
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