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ABSTRACT ARTICLE HISTORY
Long non-coding RNAs (IncRNAs) have been shown to play a significant role in the progression of Received 23 January 2018
many cancers, including pancreatic cancer (PC). However, the biological function and regulatory ~ Revised 3 June 2018
mechanisms of INcRNAs in PC remains largely unclear. The aim of this study was to identify and ~ Accepted 22 June 2018
evaluate the potential functions of IncRNAs in PC and reveal the underlying mechanisms of their KEYWORDS

effects. Screening of published microarray data (GEO accession Nos. GSE16515 and GSE32688), Pancreatic cancer; LncRNA
revealed IncRNA AFAP1-AS1 to be one of the most upregulated IncRNAs in PC tissues. High expression AFAP1-AS1/miR-133a/IGF1R
of AFAP1-AS1 was correlated with advanced stages, tumor size and lymph node metastasis, as well as axies; competitive

with poorer overall survival in patients with PC. Functionally, knockdown of AFAP1-AS1 by transfec- endogenous RNA (ceRNA)
tion with siRNA inhibited the proliferative and invasive capacities of PaCa-2 and SW1990 PC cells,

promoted apoptosis of PC cells in vitro, and impaired in-vivo tumorigenicity. In particular, it was

hypothesized that AFAP1-AS1 may act as a competitive endogenous RNA (ceRNA), effectively becom-

ing a sink for miR-133a whose expression was found to be downregulated in PC tissues and cell lines,

and which was negatively correlated with the expression of AFAP1-AS1. We also found that the IGF1R

oncogene which is an important regulator of MEK/ERK signaling pathway, was positively regulated by

AFAP1-AS1 through ameliorating miR-133a-mediated IGF1R repression in PC tissues. Moreover, we

demonstrated that knockdown of IGF1R by transfection with si-IGF1R suppressed cell proliferation,

invasion and migration of PaCa-2 and SW1990 PC cells, suggesting that IGF1R may function as an

oncogene in PC cells. Further investigations revealed that miR-133a reversed the biological effects of

AFAP1-AS1 on PC cells. Collectively, the findings provide new evidence that AFAP1-AS1 could regulate

the progression of pancreatic cancer by acting as a ceRNA, and suggest it has potential for use as both

a biomarker for the early detection PC and for the development of individualized therapies for PC.

Introduction Long non-coding RNAs (IncRNAs) are a diverse
class of RNA transcripts with a length of more than
200 nucleotides that lack a significant protein-cod-
ing capacity. Increasing evidence has demonstrated
that IncRNAs play important roles in multiple bio-
logical processes including cell proliferation, inva-
sion, metastasis and apoptosis [3-5]. Dysregulated
IncRNA expression has been reported in a variety of
human cancers, including nasopharyngeal carci-
noma (NPC), lung, breast and colorectal cancers.
In particular, a number of specific IncRNAs, such as

mechamsms associated with PC, in order to inform HOTAIR, MALATI and MEG3 are emerging as
and improve current therapeutic approaches. o .
critical regulators of tumor progression and

Pancreatic cancer (PC) is one of the leading causes of
cancer-related mortality worldwide. In 2017, there
were an estimated 43,090 deaths due to pancreatic
cancer in the United States [1]. Despite considerable
efforts in recent years to improve clinical treatment of
PC, there has been little improvement in disease prog-
nosis, largely because it is a highly invasive and meta-
static cancer [2]. Therefore, there is an urgent need to
enhance current understanding of the underlying
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metastasis [6-10]. However, to date, only a few
studies have focused on the roles of IncRNAs in PC.

Among the thousands of IncRNAs that have
been identified in human cells, only a relatively
small number of IncRNAs have been shown to
play crucial roles in a range of biological pro-
cesses by modulating gene expression at the epi-
genetic, transcriptional and posttranscriptional
levels [11,12]. Recently, certain IncRNAs have
also been reported to serve as competing endo-
genous RNAs (ceRNAs; also known as micro
RNA (miRNA) sponges) for shared to sponge
miRNAs, thereby regulating the expression of
target gene [13]. Li et al. demonstrated that
IncRNA NORAD effectively acted as an effective
sink for miR-125a-3p, thereby increasing the
expression of RhoA, and promoting the migra-
tion and invasion of PC cells [14]. Cao et al
found that IncRNA growth arrest-specific tran-
script 5 (GAS5) antagonized the chemoresistance
of PC cells through the down-regulation of miR-
181c-5p [15]. These studies collectively suggest
that IncRNAs function as ceRNAs and are
involved in PC.

In the present study, we found that the AFAP1-
AS1 RNA gene was significantly upregulated in PC
tissues and cell lines. Upregulation of AFAP1-ASI
was also found to be associated with poor prognosis
in PC patients. Further, knockdown of AFAP1-ASI
suppressed cell proliferation and invasion, and
induced cell apoptosis in vitro as well as inducing
tumor growth in vivo. Further investigation revealed
that AFAP1-ASI could act as a ceRNA for miR-133a
and thereby modulate the expression of the IGFIR
oncogene. Taken together, these results implicate
AFAPI1-AS1 as being involved in the regulation of
pancreatic carcinogenesis by acting as a ceRNA and
therefore suggest that it may have potential as a
therapeutic target for the treatment of PC.

Materials and methods
Patients and samples

Pancreatic cancer and matched adjacent non-tumor
tissues from 63 patients were obtained during surgery
at the Department of Hepatology and the Department
of Hepatopancreatobiliary Surgery, Shanghai East
Hospital, Tongji University School of Medicine

between January 2015 and December 2016. All patient
characteristics are presented in Supplementary
Table 1. The patients provided signed, informed con-
sent for their tissues to be used for scientific research.
Ethical approval for the study was obtained from the
Shanghai East Hospital, Tongji University School of
Medicine. Diagnosis was based on pathological evi-
dence, and the specimens were immediately snap-
frozen and stored at —80°C prior to microarray and
real-time PCR analyses.

Choice of differentially expressed IncRNAs list
using heat map analysis

We obtained the microarray date from Gene
Expression Omnibus (GEO, http://www.ncbi.nlm.
nih.gov/geo/), and the GEO accession number are
GSE16515 and GSE32688. The date was generated
using the genechip Affymetrix Human Genome
U133  Plus 2.0 Array GPL570 (HG-
U133—_Plus_2), which completely coverage
Human Genome U133 Set plus 6500 additional
genes for analysis of over 47,000 transcripts.
Observations with adjusted p-values > 0.05 were
removed, and thus excluded from further analysis.
The heat map of the 48 IncRNAs most obvious
differences was created using a method of hier-
archical clustering by GeneSpring GX, version 7.3
(Agilent Technologies, California, United States).

Quantitative real-time PCR analysis

Total RNA from pancreatic cancer and matched adja-
cent non-tumor tissues was isolated using TRIzol
(Invitrogen, CA) according to manufacturer’s instruc-
tions. After reverse transcription, cDONA was amplified
by using SYBR-Green Premix (Takara, Otsu, Japan).
The qRT-PCR assays were carried out using SYBR
Green Master Mixture (Roche) reagent on a 7500
Fast Real-Time PCR System (Applied Biosystems,
USA). The data were analyzed by delta Ct method.
The sequences of primers were purchased from
Guangzhou RiboBio Co.Ltd: IncRNA AFAP1-AS],
forward 5'-AATGGTGGTAGGAGGGAGGA-3'
and reverse 5-CACACAGGGGAATGAAGAGG-3}
IGFIR, forward 5 CCGCTGCCAGAAAATGTGCC

CA-3' and reverse 5-TGTCGTTGTCAGGCG
CGCTG-3; GAPDH forward, 5-GAAGATGG
TGATGGGATTTC-3', and reverse, ‘-GAAGG


http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/

TGAAGGTCGGAGT-3; miR-133a forward, 5'-
TTTGGTCCCCTTCAACC-3' and reverse, 5'-
GTGCAGGGTCCGAGGT-3; U6 forward, 5-
AAAGACCTGTACGCCAACAC-3' and reverse, 5'-
GTCATACTCCTGCTTGCTGAT-3'. The expression
of miR-133a and IncRNA AFAP1-ASI in tissue was
normalized to the expression of U6 and GAPDH,
respectively. The data were analyzed by delta Ct
method.

Cell lines and cell culture

The human pancreatic cancer cell lines AsPC-1,
BxPC-3, PANC-1, PaCa-2 and SWI1990 were
obtained from American Type Culture Collection
(ATCC, Manassas, VA, USA) and were cultured as
ATCC protocol described. Primary cultures of
normal human pancreatic duct epithelial cells
(HPDE6c7) were obtained from fresh specimens
of the adjacent non-tumor pancreatic tissue fol-
lowing the procedures previously reported [16,17],
and maintained in bronchial epithelial basal med-
ium (BEBM; Lonza Walkersville, Walkersville,
MD) containing fetal bovine serum (Gibco,
Grand Island, NY, USA). All cells were incubated
in a humidified atmosphere of 5% CO, at 37°C.

Cell transfection

The miR-133a mimics, mimics negative control
(mimics NC), miR-133a inhibitor, and inhibitor NC
were bought from GenePharm (Shanghai, China).
The efficiency of inhibitor and mimics was validated
by qRT-PCR (data not shown). In addition, AFAP1-
ASI siRNA, IGFIR siRNA and si-scramble were pur-
chased from Applied Biosystems (Foster City, CA,
USA). The effective sequences were as follows:
5'-CCCTTTGAGGCACACGGCTTATAAT -3' (AF
API1-AS1-siRNA1), 5- TGTCTGAAATTTGCTT
CCTTCTCTA -3' (AFAP1-AS1-siRNA2), 5- GCC
ATGTCATCTGACTGGCTCTGAA -3' (AFA
P1-AS1-siRNA3), 5- CCCGAGTCACGGGCAATT
CTTTAAT - 3' (Scramble siRNA); 5-GGAC
GAGATGGAGGCGGGCTTCCGG -3' (IGF1R-
siRNA1), 5-AGGCGGGCTTCCGGGAGGTCTC
CTT -3' (IGFIR-siRNA2), 5- GCGGGCTTCC
GGGAGGTCTCCTTCT-3' (IGF1R-siRNA3), 5-GG
AAGAGGTGGAGGCTCGCTCGCGG -3' (Scram-
ble siRNA). BxPC-3, PaCa-2 and SW1990 cells
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(1.0 x 10° per well) were seeded and grown overnight
in six-well plates. The next day, transfection was per-
formed using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) following manufac-
turer’s instructions.

Lentivirus production and infection

To overexpress AFAP1-AS1 in PaCa-2 and
SW1990 cells, the lentiviral packaging kit was
used (Thermo Fisher Scientific). Lentivirus carry-
ing AFAP1-AS1 or negative control was packaged
using HEK293T cells following the manufacturer’s
manual. The lentiviral vector has red fluorescent
protein (RFP) tag which can be used to check the
efficiency of packaging using microscope. After
48 h, the supernatants of the cell culture were
harvested and filtered through a 0.22-um-pore-
size membrane, and the filtrate was ultracentri-
fuged to concentrate the recombinant lentiviruses,
and they are named as Lv-AFAPI1-ASI and Lv-
control. PaCa-2 and SW1990 cells were transduced
with the lentiviruses at an MOI of 10 transducing
units (TU) and the cells were harvested 72 h later
and analyzed for qRT-PCR and Western Blot.

Cell proliferation

PaCa-2 and SW1990 cells (5 x 10° per well) were
suspended in DMEM medium (Invitrogen,
Carlsbad, CA, USA) containing 10% FBS and cultured
in 96-well plates overnight and then transfected with
si-AFAP1-AS1, si-AFAP1-AS1 plus miR-133a inhibi-
tor or negative control oligonucleotides for 1, 2, 3 and
4 days, respectively. The cell viability was determined
by using a cell counting Kit-8 (Beyotime, Jiangsu,
China). Briefly, 10 pl CCK-8 solution was added to
each well and incubated at 37°C in a CO, cell incu-
bator for 90 min, then the absorbance rates were
measured at 450 nm using a microplate reader
(Infinite M200; Tecan, Austria). All experiments
were performed in triplicate.

Cell apoptosis

PaCa-2 and SW1990 cells (1.0 x 10° per well) were
suspended in DMEM medium (100 pl) containing
10% FBS and cultured in 96-well plates overnight
and then transfected with si-AFAP1-AS]1, si-AFAP1-
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AS1 plus miR-133a inhibitor or negative control oli-
gonucleotides for 48 h, and apoptosis assay was per-
formed with Annexin V-FITC Apoptosis Detection
Kit (Abcam, Cambridge, UK) according to the man-
ufacturer’s instructions. The cells were harvested and
washed twice with PBS, and then the cells were stained
with Annexin V and propidium iodide. After incuba-
tion at room temperature in the dark for 15 minutes,
cell apoptosis was analyzed on a FACScan flow cyt-
ometer (FCM; Bechman Coulter, CA).

Wound-healing assay

PaCa-2 and SW1990 cells (1.0 x 10° per well) were
cultured in six-well plates overnight and then trans-
fected with si-AFAP1-AS]I, si-AFAP1-AS1 plus miR-
133a inhibitor or negative control oligonucleotides for
24 h. Upon reaching ~ 70-80% confluence, the cell
layer was gently and slowly scratched with a new 1 ml
pipette tip across the center of the well and then
immediately washed with growth medium twice to
remove the detached cells and cultured again in
DMEM medium at 37°C in a humidified incubator
with 5% CO, for another 48 h. Then, the cells were
fixed with 3.7% paraformaldehye for 30 min after
washing twice with PBS, and then stained with 1%
crystal violet in 2% ethanol for 30 min. The wound
area was measured and the percentage of the wound
healing was calculated by Image ] software (NIH,
Bethesda, MD, USA).

Transwell invasion assays

Cell invasion assays were performed using 24-well
transwell chambers (pore size 8 um; Corning, Inc.,
Corning, NY). Briefly, the transfected PaCa-2 and
SW1990 cells were seeded on the top side of the
membrane pre-coated with Matrigel (BD, Franklin
Lakes, NJ, USA). At the end of the experiments, the
cells on the upper surface of the membrane were
removed using cotton buds, and the cells on the
lower surface of the insert were fixed and stained
with 5% crystal violet. Five visual fields of each insert
were randomly chosen and photographed under a
light microscope at 200 x magnification. The cells in
the photographs were counted, and the data were
summarized and presented as a percentage of
controls.

Luciferase reporter assay

Two luciferase reporters containing wild-type
AFAP1-AS1 (psiCHECK2-AFAP1-AS1-WT, which
encompassed the binding sites for miR-133a-5p:
ACCAGCU) or mutant AFAP1-AS1 (psiCHECK2-
AFAP1-AS1-Mu, which encompassed the mutant
sequence of the binding sites for miR-133a-5p:
GAUCCAG) were constructed to validate the interac-
tion between AFAP1-AS1 and miR-133a-5p (as
shown in Figure 1(a)). HEK-293 cells were cultured
in six-well plates and transfected with miR-133a
mimics or mimics NC (50 nM) and wild-type (WT)
or mutant (Mut) AFAP1-AS1 using Lipofectamine
2000. After 48 h of transfection, a Dual-Luciferase
Reporter System (Promega, Madison, WI, USA) was
used to evaluate the relative luciferase activity of HEK-
293 cells according to the manufacturer’s protocol.
Luciferase activity was normalized to Renilla luciferase
activity.

Western blot

Total protein was extracted using radio immunopre-
cipitation assay (RIPA) lysis buffer (Beyotime
Biotechnology, Shanghai, China). Concentrations of
total cellular protein were determined using a BCA
assay kit (Pierce, Rockford, IL, USA). Total protein
samples (40 pg) were analyzed by 8% SDS-PAGE gel
and transferred to polyvinylidene difluoride (PVDF)
membranes (GE Healthcare, Freiburg, DE) by elec-
troblotting. Primary antibodies against IGF1R
(Abcam, Cambridge, MA, USA, 1:1,000 dilution),
E-cadherin (Cell Signaling Technology, 1:1,000 dilu-
tion), N-cadherin (Thermo Fisher Scientific, 1:1,000
dilution), fibronectin and p-actin (Santa Cruz
Biotechnology, 1:2000 dilution) were probed with
proteins on the membrane at 4°C overnight. After
incubating with secondary antibodies (1:10,000, Cell
Signaling Technology, Danvers, MA), Bands were
detected by enhanced chemiluminescence (ECL) kit
(GE Healthcare, Freiburg, DE). The intensity of the
bands of interest was analyzed by Image] software
(Rawak Software, Inc. Munich, Germany).

Establishment of tumor xenografts in nude mice

For animal experiment, 6 week old female nude
mice were used, which from the Weitong Lihua
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Figure 1. LncRNA AFAP1-AS1 was upregulated in pancreatic cancer (PC) tissues and correlated with poor prognosis in PC patients.
(a) Heatmap of 48 IncRNAs from two human PC microarray GEO DataSets (GSE16515 and GSE32688). (b) Relative expression levels of
AFAP1-AS1 in 63 paired cancerous and peritumoral normal tissues samples. p < 0.01 vs. Normal tissue group. (c) Relative expression
levels of AFAP1-AST in early stages of PC patients and advanced stage of PC patients. (early stages vs. advanced stages, p = 0.0119).
(d) Association between AFAP1-AST expression level and tumor size (< 2 vs. = 2 cm, p = 0.0176). (e) Relative expression level of
AFAP1-AS1 in PC patients with/without lymph node metastasis. (with vs. without, p = 0.0099). (f) Kaplan-Meier analysis of overall
survival time in PC patients with high and low AFAP1-AS1 levels (n = 39 and n = 24, respectively).

were fed for one week in a specific pathogen-free
animal cage before intervention. PaCa-2 and
SW1990 cells were transfected with si-AFAPI-
AS1 or si-Scramble using Lipofectamine 2000.
After 48 h, PaCa-2 and SW1990 cells were col-
lected and subcutaneously injected into the right
flank of each mouse at a density of 5 x 10°
(100 upL). Mouse weights were measured at
21 days after injection. All animal experiments
were approved by the Institutional Committee for
Animal Research and followed the national

guidelines for the care and use of laboratory ani-
mals (GB14925-2010).

Statistical analysis

Statistical analysis was performed using the SPSS
program (version 18.0; SPSS, Chicago, IL, USA).
Data were presented as mean + S.D. Student’s
t-test or one-way ANOVA were used to analyze
the difference among/between sample groups.
Pearson’s or Spearman’s analysis was used in
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correlation analysis. P < 0.05 was considered as
statistically significant.

Results

LncRNA AFAP1-AS1 was upregulated in
pancreatic cancer tissues and correlated with
clinicopathological features of pancreatic cancer

We first investigated and sought to identify
IncRNAs in pancreatic cancer (PC) tissues via
retrieving the relevant microarray data from the
GEO dataset. Two human PC DataSets (Accession
Nos. GSE16515 and GSE32688) were selected and
analyzed for consistently aberrantly expressed
IncRNAs between pancreatic tumor tissues and
normal (healthy) pancreatic tissues using the
Affymetrix HG U133 Plus 2.0 gene chip platform
[18,19]. As shown in Figure 2(a), of 48 IncRNAs
the 48 IncRNAs that were identified as inconsis-
tently expressed between these two patient groups,
26 were upregulated and 22 were downregulated
in pancreatic tumor tissues. Of the upregulated
IncRNAs, AFAP1-AS1 was identified as being
one of the most markedly upregulated IncRNAs
in both DataSets. Of relevance, AFAP1-AS1 has
previously been reported to function as an onco-
gene in a variety of cancers, including lung cancer
[20] and nasopharyngeal carcinoma [21]. A recent
study by Ye et al. showed that elevated expression
of AFAP1-AS1 was associated with poor survival
and short-term recurrence in pancreatic ductal
adenocarcinoma (being present in 90% of PC
cases) [22]. However, the function and molecular
mechanisms of AFAP1-AS1 in regulating tumor
cells remains unclear. These existing findings
underpinned our decision to select AFAP1-ASI
as a promising candidate for further research in
relation to its involvement in the pathogenesis of
PC. To further verify the dysregulation of AFAP1-
AS1, we further performed qRT-PCR analysis
based on 63 paired cancerous and peritumoral
normal tissues samples. The results showed that
AFAPI1-AS1 was significantly upregulated in PC
tissues (Figure 2(b)).

To determine whether the expression of
AFAPI1-AS1 was correlated with the clinical out-
come in PC patients, tissue samples from 63 PC
patients were divided into two groups based on

their (relative) expression levels of AFAP1-AS1:
AFAP1-AS1 high expression group and AFAP1-
AS1 low expression group. The relationships
between the level of AFAP1-AS1 (high or low)
and certain patient clinicopathological features
are summarized in Table 1. High AFAP1-AS1
expression was found to be associated with
advanced TNM stage, tumor size and lymph
node metastasis (Figure 2(c-e)), whilst no signifi-
cant correlations with gender, age, number of
tumors, differentiation, T classification or distant
metastasis were observed (Table 1). Further, com-
pared with the patients in the low AFAP1-AS1
expression group, patients in high AFAP1-AS1
expression group were found to have a shorter 5-
year overall survival (OS) rate (Figure 2(f)).
Collectively, these results indicated that AFAP1-
ASI could potentially serve as an effective biomar-
ker for the clinical prognosis of PC patients.

Knockdown of AFAP1-AS1 suppressed tumor
growth in vitro and in vivo

Given the apparent up-regulation of AFAP1-AS1 in
PC tissues, we predicted that AFAP1-AS1 may func-
tion as an oncogene in PC. To verify our hypothesis,
we first analyzed the expression of AFAP1-AS1 in
five human PC cell lines (AsPC-1, BxPC-3, PANC-1,
PaCa-2 and SW1990) and in primary cultures of
normal human pancreatic duct epithelial cells
(HPD6c7) used as a control. Consistent with our
findings from the analysis of AFAP1-ASI expression
in PC tissue samples, the expression of AFAP1-AS1
was found to be markedly upregulated in all PC cell
lines compared with expression in HPD6c7 cells
(Figure 3(a)). This suggested that AFAP1-AS1 may
play an oncogenic role in the initiation and patholo-
gical progression of PC. To further evaluate the
function of AFAP1-AS1 in PC, we knocked down
AFAP1-AS1 expression in PaCa-2 and SW1990 cells
using three AFAP1-AS1 targeting short interfering
RNAs (siRNAs) that were associated with the highest
AFAP1-AS1 level among the five PC cell lines. The
results demonstrated that all three siRNAs were
effective at knocking down the expression of
AFAP1-AS1 and that the most effective siRNA was
si-AFAP1-AS1-2. On this basis, this siRNA was
selected for further study (Figure 3(b)). We next
examined the proliferation and apoptosis of PaCa-2
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Table 1. Correlation between IncRNA AFAP1-AS1 expression
and clinicopathological features of pancreatic cancer patients.

LncRNA AFAP1-AS1

Total High No. Low No.

Feature n==63 cases cases P value
Gender 0.7666
Male 30 18 12
Female 33 21 12
Age at presentaion 0.2278

(years)
< 60 23 12 1
> 60 40 27 13
Tumor number 0.0987
Single 21 10 1
Multiple 42 29 13
T classification 0.0961
T1-2 14 6 8
T3-4 49 33 16
Clinical stage 0.0119*
Early stages (< lla) 22 9 13
Advanced stages 41 30 1

(> lla)
Differentiation 0.2557
Well and moderate 31 17 14
Poorly 32 22 10
Tumor size (cm) 0.0176*
<2 25 11 14
> 2 38 28 10
Lymph node

metastasis
No 29 13 16 0.0099**
Yes 34 26 8
Distant metastasis
Absent 49 28 21 0.1454
Present 14 11 3

*P < 0.05, **P < 0.01

and SW1990 cells after AFAP1-AS1 knockdown by
si-AFAP-AS1-2. As expected, AFAP1-AS1 knock-
down significantly decreased the cell proliferation
and increased the proportion of apoptotic cells in
both PaCa-2 and SW1990 cells (Figure 3(c,d)).

To evaluate the function of AFAP1-AS1 in the
pathogenesis of PC in vivo, a PC xenograft mouse
model was used. Consistent with findings of the results
in vitro, the tumor weight was found to be significantly
decreased in mice bearing PaCa-2 and SW1990 cells in
which AFAP1-ASI expression had been inhibited by
AFAP1-AS1-2 (Figure 3(e)). Collectively, these data
together suggested that AFAP1-AS1 was able to sup-
press tumor growth both in vitro and in vivo.

Knockdown of AFAP1-AS1 inhibited pancreatic
tumor metastasis in vitro

Since the metastatic ability of PC is a critical factor in
the poor prognosis of patients [23], we examined

whether AFAP1-AS1 could modulate the metastatic
ability of PC cells. Transwell invasion assays demon-
strated that AFAP1-AS1 siRNA transfected PaCa-2
and SW1990 cells had lower invasive capability
(Figure 4(e)). Wound healing assays demonstrated
that wound recovery of AFAP1-ASI siRNA trans-
fected PC cells was significantly delayed when com-
pared with that of si-Scramble treated PC cells
(Figure 4(e)). Since it is already known that AFAP1-
AS1 plays a crucial role in mediating the epithelial-
mesenchymal transition (EMT) progress of colorectal
cancer cells [24]. Western blotting was performed to
explore whether AFAP1-AS1 also regulates EMT in
PC cells. The results demonstrated that knockdown of
AFAP1-AS1 in PaCa-2 and SW1990 cells was asso-
ciated with upregulation of the epithelial marker
E-cadherin and with downregulation of certain
mesenchymal markers, including N-cadherin,
Vimentin and Fibronectin. These results demonstrate
that knockdown of AFAP1-AS1 suppressed cell
metastasis and the cell motility ability of PC cells by
inhibiting the EMT process.

AFAP1-AS1 acted as a competing endogenous
RNA (ceRNA) for miR-133a

Accumulating evidence has suggested that IncRNAs
might function as competing endogenous RNAs
(ceRNAs) by binding to miRNAs and functionally
liberating other RNA transcripts (the target genes of
the bound miRNAs) [25]. To examine whether
AFAP1-AS]1 functions by a similar mechanism in PC
cells, we used Starbase v2.0 (http://starbase.sysu.edu.
cn/) to predict the potential miRNA binding sites in
AFAP1-AS1. Among several predicted target genes,
miR-133a was identified as a potential candidate
miRNA. As shown in Figure 1(a), AFAP1-AS1 con-
tains a sequence that is complementary to that of miR-
133a. Moreover, miR-133a has previously been shown
to be an important tumor suppressor in many types of
cancers, including PC [26,27,28,29]. On this basis,
miR-133a was selected for further investigation.
Subsequently, miR-133a expression levels were
assessed in PC tissues and cell lines. The results of
gRT-PCR indicated that miR-133a was significantly
downregulated in cancerous tissues and human PC
cell lines. The results of QRT-PCR analysis indicated
that the expression of miR-133a was significantly
downregulated in cancerous tissues and PC cell lines
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Figure 4. AFAP1-AS1 acts as a ceRNA for miR-133a in PC cells. (a) Schematic representation of the predicted target site for miR-133a
in AFAP1-AS1. (b) Relative expression levels of miR-133a in 63 paired cancerous and peritumoral normal tissues. p < 0.01 vs. Normal
tissue group. (c) Relative expression levels of miR-133a in pancreatic cancer cells (AsPC-1, BxPC-3, PANC-1, PaCa-2 and SW1990) and
primary cultures of normal human pancreatic duct epithelial cells (HPDE6c7) used as a control. Data are represented as the mean
+ S.D. from three independent experiments, *p < 0.05, **p < 0.01 vs. HPDE6c7. (d) Relative expression level of miR-133a in PaCa-2
and SW1990 cells after siRNA transfection. Data are represented as the mean + S.D. from three independent experiments, **p < 0.01
vs. si-Scramble. (e) Relative expression level of miR-133a in PaCa-2 and SW1990 cells after Lv-AFAP1-AS1 infection. Data are
represented as the mean % S.D. from three independent experiments, **p < 0.01 vs. Lv-control. (F) The Spearman’s rank test was
used to analyze the relationship between AFAP1-AST and miR-133a expression levels in PC tissues (r:-0.7610, p < 0.01). (g) Luciferase
reporter assay in human embryonic kidney (HEK) 293T cells, co-transfected with the reporter plasmid (or the corresponding mutant
reporter) and the indicated miRNAs. miR-133a mimics significantly decreased the luciferase activity in wt-AFAP1-AS1 but not in mut-
AFAP1-AS1. Data are represented as means + S.D. from three independent experiments, **p < 0.01 vs. mimics NC.

(Figure 1(b,c)), which is consistent with the findings of
previous studies [26,30,31]. We subsequently tested
the effects of AFAP1-AS1 expression on miR-133a
expression. Notably, miR-133a was upregulated in si-
AFAP1-AS]-treated PaCa-2 and SW1990 cells com-
pared with negative si-Scramble-treated cells (Figure 1
(d)), but was downregulated in Iv-AFAPI1-ASI-
infected PaCa-2 and SW1990 cells compared with Iv-
control infected cells (Figure 1(e)). Furthermore, we
found that the expression of AFAPI-AS1 was

negatively associated with the expression of miR-
133a in PC tissues (n = 63) (Figure 1(f)).

To confirm our hypothesis that AFAP1-AS]
directly binds to miR-133a, a luciferase activity assay
was conducted. The results showed that co-transfec-
tion of miR-133a mimics and wt-AFAP1-ASI strongly
decreased the luciferase activity of human embryonic
kidney (HEK) 293T cells compared with co-transfec-
tion with mimics-NC and wt-AFAP1-AS], while co-
transfection of miR-133a mimics and mut-AFAP1-
ASI did not alter the luciferase activity of HEK cells



(Figure 1(g)). These findings strongly suggest that
AFAP1-ASI can act as a miRNA decoy for miR-133a.

AFAP1-ASI increases the expression of IGF1R
oncogene through acting as a ceRNA of miR-
133a

Insulin-like growth factor 1 receptor (IGFIR), a
transmembrane heterotetrameric protein, is fre-
quently overexpressed in various cancers and has
been shown to act as an important oncogene in the
development and maintenance of several cancers
through activation of MEK/ERK signaling pathway
[32,33]. Notably, several studies have reported that
miR-133a functions as a tumor suppressor in a
variety of human cancers by targeting IGFIR
[26,27,34]. Thus, we hypothesized that AFAP1-
ASl might modulate IGFIR by competing with
miR-133a. Detection of miR-133a expression level
in PC cell lines indicated that expression levels of
miR-133a were showed the highest level in BxPC-3
cells and lowest in SW1990 cells. Therefore, BxPC-
3 cells were chosen for use in loss-of-function
experiments and SW1990 cells for gain-of-func-
tion experiments. The results of these experiments
demonstrated that the protein expression level of
IGFIR was significantly increased after knock-
down of miR-133a in BxPC-3 cells, and decreased
after overexpression of miR-133a in SW1990 cells.
Conversely, knockdown of AFAP1-AS1 decreased
the expression of IGFIR and overexpression of
AFAPI1-AS] increased the expression of IGFIR.
Interestingly, it was also found that the decreased
expression of IGFIR induced by knockdown of
AFAPI1-AS1 could be restored by co-transfecting
with si-AFAP1-AS1 and miR-133a inhibitor
(Figure 5(a)). In parallel, the enhanced expression
of IGF1R that was apparently induced by over-
expression of AFAP1-AS1 could be reversed by
co-transfecting with lv-AFAP1-AS1 and miR-
133a mimics (Figure 5(b)). Furthermore, the
expressions of IGFIR in miR-133a inhibitor and
si-AFAP1-AS1-transfected AsPC-1 cells and in
cells transfected with miR-133a mimics and in
Lv-AFAP1-AS1 transfected-PaCa-2 cells were also
analyzed by Western Blotting The results showed
that the expression of IGFIR was significantly
increased in the miR-133a inhibitor group com-
pared with the blank (control) group, while it was

CELL CYCLE (&) 1959

markedly decreased in the si-AFAP1-ASI1 group
compared with the blank (control) group.
However, the inhibitory effect of si-AFAPI1-ASI
was found to be attenuated by miR-133a inhibitor
AsPC-1-transfected  cells. Interestingly, the
increased expression of IGFIR in lv-AFAPI1-AS1
transfected PaCa-2 cells was found to be decreased
after transfection with miR-133a mimics (supple-
ment Figure 1). Moreover, we also found that
IGFIR was significantly upregulated in PC tissues
compared with adjacent normal (healthy) tissues
(n = 63) (Figure 5(c)). Furthermore, a positive
correlation between the levels of expression of
AFAP1-AS] and IGF1R was observed in tissues
samples from PC patients (Figure 5(d)).
Collectively, these data indicate that AFAP1-ASI
increases the expression of IGF1R through acting
as a ceRNA for miR-133a.

In order to further confirm whether IGFIR med-
iates the tumorigenic effects of AFAP1-AS1, we used
three IGF1R-specific siRNAs to investigate the effects
of knocking down IGFIR in PaCa-2 and SW1990 cells
that are high expressors of AFAP1-AS1, on cell
growth and invasive capability. As shown in
Figure 5(e), the results verified that the three siRNAs
were effective at knocking down IGFIR expression,
with si-IGFIR-2 being the most effective of the three.
This siRNA was therefore selected for further studies.
The expression of IGFIR protein levels was similarly
found to be markedly reduced in PaCa-2 and SW1990
cells after siRNA transfection (Figure 5(f)). The CCK-
8 assay was performed and showed that knockdown
of IGFIR markedly inhibited cell proliferation in
PaCa-2 and SW1990 cells (Figure 5(g,j)). Moreover,
wound healing assays showed a significant reduction
in cell migration (a measure of the invasive capability
of cells) after knockdown of IGF1R in PaCa-2 and
SW1990 cells (Figure 5(h,k), and transwell assays
indicated that IGF1R-knockdown also inhibited cell
invasion (Figure 5(il). These data strongly suggest
that IGF1IR functions as an oncogene in PC cells,
and that AFAP1-AS1 may exert its tumorigenic effects
via the modulation of IFG1R expression.

AFAP1-AS1 regulates miR-133a to suppress PC
cell proliferation and invasion

Although the preceding experiments had confirmed a
functional interaction between AFAP1-AS1 and miR-
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Figure 5. AFAP1-AS1 increases the expression of IGF1R by acting as a ceRNA of miR-133a. BXxPC-3 cells were co-transfected with miR-133a inhibitor and si-
AFAP1-AS1, while SW1990 cells were co-transfected with miR-133a mimics and Lv-AFAP1-AS1. Cells were then harvested for Western Blotting. (a) The
expression of IGF1R protein was measured by Western Blotting in BxPC-3 cells after co-transfection with miR-133a inhibitor and si-AFAP1-AS1. Bands were
quantitatively compared between groups. Data are represented as means = S.D. from three independent experiments, **p < 0.01 vs. Blank group; ##p < 0.01
vs. si-AFAP1-AS1. (b) The expression of IGF1R protein was measured by Western Blotting in SW1990 cells after co-transfection with miR-133a mimics and Lv-
AFAP1-AS1. Bands were quantitatively compared between groups. Data are represented as the mean + S.D. from three independent experiments, **p < 0.01
vs. Blank group; ##p < 0.01 vs. Lv-AFAP1-AS1. (c) Relative expression level of IGF1R in 60 paired cancerous and peritumoral normal tissues. p < 0.01 vs. Normal
tissue group. (D) Spearman’s analysis was used to analyze the relationship between AFAP1-AS1 and IGF1R expression levels in PC tissues (r: 0.8493, p < 0.01).
(e, f) gRT-PCR and Western Blot analysis of IGF1R expression levels in PaCa-2 and SW1990 cells after siRNA transfection. Data are represented as the mean + S.
D. from three independent experiments, **p < 0.01 vs. si-Scramble. (g, j) The effect of IGF1R knockdown on cell proliferation was determined by CCK-8 assays.
Data are represented as the mean =+ S.D. from three independent experiments, *p < 0.05, **p < 0.01 vs. si-Scramble. (H, K) The effect of IGF1R knockdown on
cell migration was assessed by wound healing assays. Data are represented as the mean + S.D. from three independent experiments, **p < 0.01 vs. si-
Scramble. (i, ) The effect of IGF1R knockdown on cell invasion was assessed by transwell assays. Data are represented as the mean + S.D. from three
independent experiments, **p < 0.01 vs. si-Scramble.



133a was confirmed, the biological behaviors of PC
cells when regulated by AFAP1-AS1 and miR-133a
remained unclear. In order to investigate this, PaCa-2
and SW1990 cells were co-transfected with si-AFAP1-
AS1 and miR-133a inhibitor, and then cell prolifera-
tion, apoptosis, migration and invasion were assessed.
The CCK8 assay revealed that the proliferation of
PaCa-2 and SW1990 cells in si-AFAP1-AS1 group
was decreased in the si-AFAP1-ASI transfected
group compared with the blank (control) group, and
that this reduction could be restored by co-transfect-
ing with si-AFAP1-AS1 and miR-133a inhibitor
(Figure 6(a,b)). As shown in Figure 6(c,d), the apop-
tosis rates of PaCa-2 and SW1990 cells in the si-
AFAP1-AS1 group were found to be increased com-
pared with the blank (control) group, and this effect
could be ameliorated by co-transfecting cells with both
si-AFAP1-AS1 and miR-133a inhibitor. Similarly, cell
migration and invasion in the si-AFAP1-AS1 trans-
fected groups of PaCa-2 and SW1990 cells were shown
to be inhibited, and this inhibition could be reversed
by co-transfecting cells with both si-AFAP1-AS1 and
miR-133a inhibitor (Figure 6(e-h)). The above data
showed that the tumor suppressive effects of AFAP1-
AS1 knockdown were mediated by miR-133a in PC
cells.

Discussion

The present study has demonstrated that AFAP1-AS1
is upregulated in the tumor tissues of PC patients, and
that its high expression is correlated with poor prog-
nosis in PC patients. We have also demonstrated, in
vitro, that knockdown of AFAP1-AS1 inhibited the
proliferation, migration and invasion of PaCa-2 and
SW1990 PC cells, and induced apoptosis by acting as a
ceRNA for miR-133a. The sponging of miR-133a by
AFAP1-AS1 resulted in the loss of the suppressive
effects of miR-133a on the downstream target IGFIR
oncogene. In this way, it appears that AFAP1-AS1
influences PC progression by regulating cellular
expression of IGF1R. On this basis, AFAP1-AS1 may
serve as a survival indicator and a potential therapeutic
target for PC patients.

Increasing evidence indicates that IncRNAs play
important roles in tumor pathology and might be
useful as diagnostic and therapeutic target. For exam-
ple, it has been shown that NORAD can act as a
diagnostic and prognostic biomarker in PC [14].
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Also, the IncRNA XIST may serve as a potential ther-
apeutic target in PC [35]. Zhao et al. revealed that
IncRNA PVT1 can function as an endogenous
‘sponge’ by competing for miR-448 and thereby reg-
ulating its miRNA target SERBP1, which promoted
growth and metastasis in PC [36]. In the present study,
by retrieving and screening the relevant PC microar-
ray data from the GEO dataset, we identified that
AFAP1-AS1 was significantly upregulated in PC tis-
sues and cell lines. High AFAP1-AS1 expression was
associated with advanced TNM stage, tumor size and
lymph node metastasis. Moreover, upregulation of
AFAP1-ASI1 found to be correlated with poor overall
survival and therefore was considered to have poten-
tial as an independent prognostic indicator for
patients with PC and to be involved in the progression
of PC.

The AFAP1-AS1 RNA protein is encoded by the
antisense strand of the AFAP1 (Actin Filament
Associated Protein) gene and was initially discovered
in 2013 in esophageal adenocarcinoma [37]. Recently,
a large number of studies have investigated AFAP1-
AS1 expression in human cancers and have reported it
to be upregulated in many cancers and to play an
important role in tumor progression [21,22,37]. For
example, AFAP1-AS1 expression was increased in
esophageal squamous cell carcinoma (ESCC) and
knockdown of AFAP1-AS1 in ESCC cells suppressed
cell proliferation and colony formation and induced
cell apoptosis [38,39]. In addition, it has been shown
that AFAP1-ASI knockdown significantly inhibited
the nasopharyngeal carcinoma (NPC) cell migration
and invasive capability [21]. However, little previous
research attention has been paid to the role of AFAP1-
AS1 in PC. In the present study, we found that knock-
down of AFAP1-AS1 by transfection with siRNA
inhibited PC cell proliferation, and induced cell apop-
tosis in vitro as well as suppressing tumor growth in
vivo. Furthermore, AFAP1-AS1 knockdown inhibited
cell migration and invasion by influencing the expres-
sion of EMT-related genes, including E-cadherin,
N-cadherin, Vimentin and Fibronectin. This finding
is consistent with previous studies that have demon-
strated that EMT plays a central role in tumor pro-
gression and metastasis [23,40]. Taken together, our
results suggest that AFAP1-AS1 knockdown has a
tumor-suppressive effect in PC. Recently, Ye et al.
demonstrated that AFAP1-AS1 was upregulated in
pancreatic ductal adenocarcinoma (PDAC), which
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Figure 6. AFAP1-AS1 regulates miR-133a to suppress PC cell proliferation and invasion. PaCa and SW1990 cells were co-transfected
with miR-133a inhibitor and si-AFAP1-AS1. Cells were then harvested for further analyses. (a, b) Cell proliferation was determined by
CCK-8 assays. (c, d) Cell apoptosis was measured by flow cytometry. (e, f) Cell migration was detected by wound healing assays. (g,
h) Cell invasion was determinned by transwell assays. Data are represented as means + S.D. from three independent experiments,
*p < 0.05, **p < 0.01 vs. Blank group; ##p < 0.01 vs. si-AFAP1-AS1.

accounts for more than 90% of PC and that knock-
down of AFAP1-AS1 reduced proliferation and
induced G2/M phase arrest in PDAC cells [22].
However, that study was did not identify the biomo-
lecular mechanism of these effects.

Recently, it has been proposed that several
IncRNAs can function as ceRNAs by sponging

miRNAs to influence post-transcriptional regula-
tion of their target genes in PC. For example, Cai
et al. showed that HOTAIR functioned as a ceRNA
to regulate notch3 expression via sponging miR-
613 in PC [41]. Wang et al. found that colorectal
neoplasia  contained differentially expressed
IncRNA CRNDE that sponged miR-384 to
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Figure 7. Schematic diagrams showing that AFAP1-AS1 is upregulated in PC tissues and cell lines, and AFAP1-AS1 acts as an
oncogene by sponging miR-133a, functionally releasing IGF1R mRNA transcripts targeted by miR-133a, and activating the down-

stream AKT/ERK signaling pathways.

promote proliferation and metastasis of pancreatic
cancer cells through upregulating the expression of
IRS1 [42]. Whether AFAP1-AS1 also functions as
a ceRNA to regulate pancreatic cancer progression
was unknown. In this study, we used a bioinfor-
matics databases (Starbase v2.0) to identify several
miRNAs that might interact with AFAPI-ASI.
Our findings indicated miR-133a as a potential
miR target that could be regulated by AFAPI1-
AS1, and since it has been previously implicated
as a tumor suppressor in many human tumors
including PC [35,43,44,45], it was selected for
further study. We further investigated the regula-
tory relationship between AFAP1-AS1 and miR-
133a in PC. We showed that AFAP1-ASI nega-
tively regulated the expression levels of miR-133a
in PC cells and that there was an inverse associa-
tion existed between the expression levels of
AFAP1-AS1 and miR-133a in the tumor tissues
of PC patients. More importantly, our results
showed for the first time that AFAP1-ASI1 sponged
miR-133a to inhibit cell proliferation and metas-
tasis. On this basis it was hypothesized that
AFAP1-AS1/miR-133a axis might play an impor-
tant role in the progression of PC.

The IGFIR gene is a well-known oncogene that
has been found to play important roles in the patho-
genesis of many human tumors including PC
[46,47,48]. For example, Yeo et al. showed that
IGFIR exacerbated malignant transformation and
tumor cell proliferation in lung adenocarcinoma

[49]. MacEwen et al. found that lowering IGF1R
levels could reduce primary tumor growth and
metastasis of murine osteosarcoma [50]. Recently,
IGFIR was found to be highly expressed in PC
tissues and in both tumor and stromal cells, and
was associated with poor prognosis of PC [52].
Ramadevi et al. found that silencing IGF1R inhibits
pancreatic cancer growth and metastasis by blocking
key signaling pathways such AKT/PI3K, MAPK,
JAK/STAT and EMT [53]. Importantly, it has also
been shown in several types of cancers that miR-133a
exerted its tumor-suppressive effects by targeting
IGFIR [28,54]. For example, miR-133a was observed
to inhibit osteosarcoma cells proliferation and inva-
sion via targeting IGF-1R [26]. Guo et al. demon-
strated that miR-133a suppressed ovarian cancer cell
proliferation by directly targeting IGFIR [29]. Given
the relationship between AFAP1-AS1 and miR-133a,
we hypothesized that, in PC, the oncogene function
of AFAP1-AS1 was achieved through reversing miR-
133a-mediated IGFIR repression. We found that
miR-133a negatively regulated the protein expres-
sion levels of IGFIR in PaCa-2 and SW1990 PC
cell lines, which was reversed by AFAP1-ASI.
Moreover, we demonstrated that knockdown of
IGFIR in these cells by transfecting with si-IGF1R
suppressed cell proliferation, invasion and migra-
tion, suggesting that IGFIR functioned as an onco-
gene in PC cells. When taken together, these data
indicate that AFAP1-AS] acts as a ceRNA by binding
to miR-133a and thereby liberating the expression of
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IGFIR. In addition, IGF1R was found to be an
important regulator of several downstream path-
ways, including the MEK/ERK signaling pathways,
which play crucial roles in tumorigenesis and tumor
development [55,56]. Further experiments are
needed to assess if MEK/ERK signaling pathways
are correlated with AFAP1-AS1 expression levels.
In conclusion, we have provided new evidence
suggesting that AFAP1-AS1 acts as an oncogene in
PC by sponging miR-133a and thereby function-
ally releasing IGFIR mRNA transcripts targeted by
miR-133a in PC cells (Figure 7). The findings of
this study suggest that the AFAP1-AS1/miR-133a/
IGFIR axis could be an effective target for the
development of effective PC therapies.
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