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Background: Pancreatic cancer ranks first among the most aggressive malignancies. Long
non-coding RNA (LncRNA) ABHD11-AS1 is known to be upregulated in pancreatic cancer.
However, the mechanism by which ABHD11-AS1 mediates the tumorigenesis of pancreatic
cancer remains unclear.

Methods: Gene and protein expressions in pancreatic cancer cells were detected by qRT-
PCR and Western blot, respectively. Cell viability was measured by CCK-8 assay. Cell
apoptosis and cycle were tested by flow cytometry. In addition, cell migration and invasion
were tested by wound healing and transwell assay, respectively. The correlation between
ABHDI11-AS1, miR-1231 and cyclin E1 was confirmed by dual-luciferase report and RNA
pull-down. Finally, xenograft mice model was established to investigate the role of ABDH-
AS1 in pancreatic cancer in Vivo.

Results: ABHD11-AS1 was found to be negatively correlated with the survival rate of
patients with pancreatic cancer. ABHD11-AS]1 silencing significantly inhibited the prolifera-
tion and induced the apoptosis of pancreatic cancer cells. Additionally, knockdown of
ABHDI11-AS1 greatly inhibited the migration and invasion of pancreatic cancer cells.
Meanwhile, ABHD11-AS1 bound to miR-1231 and cyclin E1 was found to be the target
of miR-1231. Moreover, ABHD11-AS1 knockdown-induced G1 arrest in pancreatic cancer
cells was reversed by miR-1231 antagomir. Finally, knockdown of ABHD11-AS1 obviously
inhibited the tumor growth of pancreatic cancer in vivo.

Conclusion: ABHD11-AS1 silencing significantly inhibited the tumorigenesis of pancreatic
cancer in vitro and in vivo. Thus, ABHD11-AS1 may serve as a potential target for the
treatment of pancreatic cancer.
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Introduction

Pancreatic cancer is one of the gastrointestinal cancers with poor prognosis, which
ranks first among the cancerous causes of death all over the world.! It has been
revealed that the incidence and mortality rate of pancreatic cancer is increasing in
China.?> According to the report of GLOBOCAN 2012, there are about 19% of over
33,000 cases of newly diagnosed pancreatic cancer and 20% of 330,391 deaths
from pancreatic malignant tumor in China.”> Currently, the main treatment methods
of pancreatic cancer are surgery and chemotherapy; however, overall 5-year survi-
val rates of patients only reach 20%.* Although many efforts have been made to

improve the outcome of pancreatic cancer treatment, its high malignant behavior
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causes the poor development in prognosis of this
malignancy.” Therefore, it is urgent to find a new strategy
for the treatment of pancreatic cancer.

Long non-coding RNAs (IncRNAs) are a group of non-
coding RNA transcripts with a length of 200 nucleotides.®
In addition, IncRNAs are key mediators that are notably
participated in the progression of multiple diseases.”®
Recent studies have shown a close correlation between
IncRNAs and cancer progression.”'® For example, knock-
down of LINC00324 could suppress the progression of
liver cancer through upregulation of PU box binding
protein.'' Additionally, some IncRNAs have been con-
firmed to play key roles in the progression of pancreatic
cancer.'>!3 Meanwhile, Liu Y et al found that ABHD11-
AS1 was notably upregulated in pancreatic cancer, com-
pared with pancreatitis.'* However, the mechanism by
which ABHD11-AS1 regulates the progression of pancrea-
tic cancer remains unclear.

In this study, we sought to investigate the role of
ABHDI1-ASI in pancreatic cancer. We hope this finding
will provide a new strategy for the treatment of pancreatic
cancer.

Materials and Methods

Cell Culture

The pancreatic cancer cell lines (MiaPaCa-1 and PANC-1)
and 293T cell line were obtained from the Institute of
Biochemistry and Cell Biology of the Chinese Academy
of Sciences (Shanghai, China). All cell lines were cultured
in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (Gibco) and peni-
cillin (100 U/mL). In addition, cells were cultured at 37°C
in the presence of 5% CO,.

Bioinformatics Analysis

The gene expression data of pancreatic cancer and adja-
cent normal tissue were obtained from the Cancer Genome
Atlas (TCGA) with online GEPIA."® The survival curve
was calculated based on the data from TCGA."?

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted from pancreatic cancer cells using
TRIzol reagent (TaKaRa, Tokyo, Japan) according to
cDNA was
using the reverse transcription kit (TaKaRa, Ver.3.0) accord-

the manufacturer’s protocol. synthesized

ing to the manufacturer’s protocol. Real-Time qPCRs were

performed in triplicate under the following protocol: 2
minutes at 94°C, followed by 35 cycles (30 s at 94°C and
45 s at 55°C). The primer for IncRNA ABHD11-AS1, miR-
1231, cyclin El, B-actin and U6 were obtained from
GenePharma (Shanghai, China). ABHD11-AS1: forward,
5'-CTCTCCACCTGACAGCAACATC-3' and reverse 5'-
TACTCTGGGCTGTGTCGCAG-3". MiR-1231: forward,
5'-CCTCAACTGAATTGCCGACTC-3' and reverse 5'-
CTCAACTGGTGTCGTGGAGTC-3'. Cyclin El: forward,
5'-TAGAGAGGAAGTCTGGAAAATCATG-3' and reverse
5'-ATATACCGGTCAAAGAAATCTTGTG-3'. B-actin: for-
ward, 5-GTCCACCGCAAATGCTTCTA-3" and reverse
5'-TGCTGTCACCTTCACCGTTC-3'. U6: forward, 5'-
CTCGCTTCGGCAGCACAT-3' and reverse 5'-
AACGCTTCACGAATTTGCGT-3". The 27°*°* method
was used to quantify the results. The internal reference
gene (U6 or B-actin) was used for normalization.

Cell Transfection

Lentiviral expressing short-hairpin RNA (shRNA1 or
shRNA2) directed target ABHD11-AS1 and one nontar-
geting sequence (negative control) were obtained from
GenePharma (Shanghai, China). Next, ABHDI11-AS1
shRNA1 or shRNA2 was packaged into lentiviruses.
Then, the lentiviral vector DNAs were then transfected
into 293T cells including lenti-ABHD11-AS1 shRNAs
and negative control (NC). After transfection, the cells
were incubated at 37°C, and then the supernatant was
collected. After that, supernatants of two ABHDI11-AS1
shRNAs and negative control were filtered into particles.
Finally, all pancreatic cancer cells were infected with
lentiviral particles according to the manufactures’ proto-
col. After 48 h of incubation, stable pancreatic cancer cells
were then selected by puromycin (2.5 pg/mL, Sigma
Aldrich, St. Louis, MO, USA). qRT-PCR assay was used
to verify the efficiency of transfection.

For miR-1231 transfection, pancreatic cancer cells
were transfected with miR-1231 agomir, miR-1231 antag-
omir or NC by Lipofectamine 2000 according to the pre-
vious reference.'® MiR-1231 agomir, miR-1231 antagomir
and negative control RNAs were purchased from
GenePharma (Shanghai, China).

CCK-8 Assay

Pancreatic cancer cells were seeded in 96-well plates
(5%10% per well) overnight. Then, cells were treated with
negative control (NC) or ABHD11-AS1 shRNA1 for 0,
24, 48 and 72 h, respectively. Ten microliters of CCK-8
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reagents (GenePharma) were added to each well and
further incubated for 2 h at 37°C. Finally, the absorbance
of pancreatic cancer cells was measured at 450 nm using
a microplate reader (Thermo Fisher Scientific).

Cell Apoptosis Analysis

Pancreatic cancer cells were trypsinized, washed with
phosphate-buffered saline and resuspended in Annexin
V Binding Buffer, followed by staining with 5 uL. FITC
and propidium (PI) in the dark for 15 min. The data were
analyzed using flow cytometer (BD, Franklin Lake,
NJ, USA).

Cell Cycle Detection

Cell cycle was determined by flow cytometry using Cycle
Detection Kit I (BD Biosciences, Franklin Lake, NIJ,
USA). Pancreatic cancer cells were seeded in a 6-well
plate 1 day before cell transfection. After 24 h of transfec-
tion, the cells were lifted and fixed in pre-cold 70% etha-
nol at 4°C overnight. Then, cells were treated with 100 pL
PI/RNase Staining Buffer (Thermo Fisher Scientific) at
room temperature in the dark for 30 min. Finally, flow
cytometry (BD Biosciences) was used to detect the cell
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cycle distribution, and the data were analyzed using the
FlowJo software (BD Biosciences).

Dual-Luciferase Reporter Assay

The partial sequences of ABHD11-AS1 and 3'-UTR of
cyclin E1 containing the putative binding sites of miR-1231
were synthesized and obtained from Sangon Biotech
(Shanghai, China), then were cloned into the pmirGLO Dual-
Luciferase miRNA Target Expression Vectors (Promega,
Madison, WI, USA) to construct wild-type reporter vectors
ABHDI11-AS1 (WT/MT) and cyclin E1 (WT/MT), respec-
tively. The ABHD11-AS1 (WT/MT) or cyclin E1 (WT/MT)
were transfected into PANC-1 cells together with control,
(NC) miR-1231
Lipofectamine 2000 (Thermo Fisher Scientific) according

vector-control or agomir  using
to the manufacturer’s instructions. The relative luciferase
activity was analyzed by the Dual-Glo Luciferase Assay

System (Promega).

Western Blot Detection

Total protein was isolated from cell lysates or tissues by
using RIPA buffer and quantified by BCA protein assay
kit (Beyotime, Shanghai, China). Proteins were sepa-
rated with 10% SDS-PAGE, and then transferred onto

Overall Survival
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Figure | High expression of ABHD | |-AS| was negatively correlated with survive rate of patients with pancreatic cancer. (A) The expression of ABHD | |-AS| in pancreatic
cancer and adjacent normal tissues was calculated based from TCGA. (B) Overall survival of pancreatic cancer was analyzed by TCGA. *P<0.05.
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PVDF (Bio-Rad) membranes. After blocking with 3%
skim milk for 1 h, the membranes were incubated with
primary antibodies at 4°C overnight. Then, membranes
were incubated with secondary anti-rabbit antibody
(Abcam; 1:5000) at
h. Membranes were scanned by using an Odyssey

room temperature for 1
Imaging System and analyzed with Odyssey v2.0 soft-
ware (LICOR Biosciences, Lincoln, NE, USA). The
primary antibodies used in this study were as follows:
anti-cyclin E1 (Abcam, Cambridge, MA, USA; 1:1000),
anti-Bax (Abcam; 1:1000), anti-XIAP (Abcam; 1:1000),
anti-Active caspase 3 (Abcam; 1:1000), anti-CDK2
(Abcam; 1:1000) and anti-B-actin (Abcam; 1:1000). B-
Actin was used as an internal control.
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Wound Healing Assay

Pancreatic cancer cells were plated into a 24-well Cell Culture
Cluster. In addition, cells were allowed to grow to 80-90%
confluence. Then, cells were underlined perpendicular to the
cell culture plate with a small pipette head. After washing with
PBS 3 times, serum-free medium was used for further culture,
and the scratch widths at 0 and 48 h were recorded under an
optical microscope. The experiment was repeated three times.

RNA Pull-Down

For the RNA pulldown assay, the Biotin RNA Labeling Mix
(Roche, Basel, Switzerland) was used to transcribe and label
probe-control or probe-ABHD11-AS1 from ABHDI11-AS1
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Figure 2 Knockdown of ABHDI|-ASI significantly inhibits the proliferation of pancreatic cancer cells. MiaPaCa or PANC-| cells were transfected with ABHDI-ASI
shRNAI or shRNAZ2 for 24 h. Then, (A, B) the expression of ABHDI I-ASI in pancreatic cancer cells was detected by qRT-PCR. (C, D) Cell viability of pancreatic cancer

was tested by CCK-8 assay. ¥**P<0.0] compared to control.
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Figure 3 ABHDII-ASIshRNAI greatly induces the apoptosis of pancreatic cancer cells. (A) The apoptosis of PANC-| cells was detected by flow cytometry. (B) The
apoptosis rate was calculated by FACS. (C) The protein expressions of Active caspase 3, Bcl-2 and XIAP in PANC-| cells were detected by western blot. The relative protein
expression of (D) XIAP, (E) Active caspase 3 and (F) Bcl-2 were quantified by normalizing to B-actin. **P<0.01 compared to control.

shRNA lenti vector in vitro. An RNA structure buffer (Thermo
Fisher Scientific) was used to induce secondary structure formation
from the biotin-labeled RNAs. The biotinylated ABHD11-AS1
and negative control (bio-NC) were generated via GenePharma
and coated to streptavidin-conjugated magnetic beads. Pancreatic
cancer cells were lysed and then incubated with the magnetic
beads for 6 h. The RNA on the beads was isolated and the
enrichment level of miR-1231 was detected by PCR.

Transwell Assay

For the invasion assay, the upper chambers of the 24-well
plates were pretreated with 50 pL of Matrigel (12.5 mg/L),
and the wells were pretreated with Matrigel (BD Biosciences,
Franklin Lake, NJ, USA). Then, pancreatic cancer cells
(1x10° cells/mL) in FBS-free medium were seeded into the
upper chambers. The lower chambers contained RPMI 1640
medium supplemented with 1% FBS. Cells were incubated at
37°C for 24 h, and cells that had attached to the underside of
the membrane were fixed and stained with a 0.1% crystal
violet solution. Finally, images were captured, and the number
of invading cells was counted under a microscope at 400x
magnification.

In vivo Study

Twelve BALB/c nude mice (6—8 weeks old) were purchased
from Vital River (Beijing, China). The mice were housed
within a dedicated SPF facility (six mice per group).
Pancreatic cancer cells (ABHD11-AS1 shRNAI1) were
injected into mice according to the previous reference.'’
MiR-1231 antagomir was injected intra-tumor twice
weekly. The tumor volume was measured weekly according
to the formula: LengthxWidthxWidth/2. At the end of the
experiments, mice were sacrificed and the tumors were
collected and weighted. All in vivo experiments were per-
formed in accordance with the National Institutes of Health
guide for the care and use of laboratory animals, following
a protocol approved by the Ethics Committees of Henan
Provincial People’s Hospital.

Statistical Analysis

Each study was performed with three independent
experiments and all data were expressed as the mean =+
standard deviation (SD). Differences were analyzed
using one-way analysis of variance (ANOVA) followed
by Tukey’s test (more than 2 groups, Graphpad Prism7).
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Figure 4 Downregulation of ABHD I I-AS| obviously inhibits the migration and invasion of PANC-1 cells. (A, B) Cell migration of pancreatic cancer was detected by wound
healing assay. (C, D) Cell invasion of pancreatic cancer was measured by transwell assay. **P<0.01 compared to control.

The comparison between two groups was analyzed by
unpaired Student’s ¢-test. P<0.05 was considered to indi-
cate a statistically significant difference.

Results
High Expression of ABHDI [-ASI is
Negatively Correlated with Survival Rate

of Patients with Pancreatic Cancer

To explore the gene expression data of pancreatic cancer
and adjacent normal tissue, TCGA data were used. As
indicated in Figure 1A, the expression of ABHD11-AS1
in pancreatic cancer tissues was significantly upregu-
lated, compared with adjacent normal tissues. In addi-
tion, high expression of ABHD11-AS1 was negatively
correlated with the survival rate of patients with pan-
creatic cancer (Figure 1B).

Knockdown of ABHDI |-AS| Significantly
Inhibits the Proliferation of Pancreatic

Cancer Cells

Next, to detect the efficiency of cell transfection, qRT-PCR was
used. As indicated in Figure 2A and B, the expression of
ABHDI11-AS1 in pancreatic cancer cells was significantly
downregulated in the presence of ABHD11-AS1 shRNAs.
Since pancreatic cancer cells were more sensitive to ABHD11-
AS1 shRNAI1, ABHDI11-AS1 shRNA1 was selected of use in
the following experiments. Moreover, the viability of pancreatic
cancer cells was significantly decreased by ABHD11-AS1
shRNAI1 (Figure 2C and D). In addition, PANC-1 cells were
more susceptible to ABHD11-AS1 shRNA1 compared with
MiaPaCa-2. Therefore, PANC-1 cells were selected for use in
subsequent investigations. Taken together, knockdown of
ABHDI11-AS1 significantly inhibited the proliferation of pan-
creatic cancer cells.
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Figure 5 ABHD11-AS| mediates the tumorigenesis of pancreatic cancer via sponging miR-1231. (A) Gene structure of ABHDI |-AS| at the position of 241-247 indicates
the predicted target site of miR-1231 in its 3'UTR. (B) PANC-1| cells were transfected with miR-123| agomir/antagomir for 24 h. Then, the expression of miR-1231 in
PANC-I cells was detected by qRT-PCR. (C) The luciferase activity was measured after co-transfecting with WT/MT ABHD1-AS13"-UTR plasmid and miR-123 lagomirin
PANC-I cells using the dual luciferase reporter assay. The results were normalized to Renilla luciferase. (D) RNA pull-down was performed to confirm the correlation

between ABHDI1-ASI| and miR-1231. **P<0.01 compared to control.

ABHD 1-AS1 shRNAI Greatly Induces

the Apoptosis of Pancreatic Cancer Cells
In order to test the cell apoptosis, flow cytometry was
used. As demonstrated in Figure 3A and B, ABHD11-
AS1 shRNATI notably induced the apoptosis of PANC-1
cells. Meanwhile, as revealed in 3C-3F, the expressions
of XIAP and Bcl-2 in PANC-1 cells were notably
decreased in the presence of ABHDI1-AS1 shRNAI.
In contrast, knockdown of ABHDI11-AS1 obviously
upregulated the expression of active caspase 3 in pan-
creatic cancer cells (Figure 3C-F). Altogether,
ABHDI11-AS1 shRNAI1 greatly induced the apoptosis
of pancreatic cancer cells.

Downregulation of ABHD | |-ASI
Obviously Inhibits the Migration and
Invasion of PANC-1| Cells

Next, wound healing assay was performed to detect the
effect of ABHD11-AS1 knockdown on cell migration. The
data indicated that knockdown of ABHD11-ASI notably

inhibited the migration of pancreatic cancer cells (Figure
4A and B). Consistently, the invasion ability of PANC-1
cells was significantly inhibited in the presence of
ABHD11-AS1 shRNAI1 (Figure 4C and D). In summary,
downregulation of ABHD11-AS1 obviously inhibited the
migration and invasion of PANC-1 cells.

ABHDI |-AS| Sponges with miR-1231

For the purpose of exploring the mechanism by which
ABHDI11-AS1 mediates the progression of pancreatic

cancer, starbase  (http:/starbase.sysu.edu.cn/) and

miRDB (http://www.mirdb.org/) were used. As indicated
in Figure SA, ABHD11-AS1 had a putative miR-1231
targeting site. Meanwhile, among the miRNAs sponged
by ABHDI11-AS1, miR-1231 was closely correlated
with the tumorigenesis of pancreatic cancer.'® Thus,

miR-1231 was selected for further investigations. Next,
miR-1231 agomir and miR-1231 antagomir were stably
transfected into PANC-1 cells (Figure 5B). We found
co-transfection of the wild-type ABHDI11-AS1 vector

(WT-ABHD11-AS1) with miR-1231 agomir
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Figure 6 MiR-1231 directly targets Cyclin El. (A) Gene structure of Cyclin Elat the position of 223-229 indicates the predicted target site of miR-123lin its 3'UTR. (B) The
luciferase activity was measured after co-transfecting with WT/MT Cyclin EI3"-UTR plasmid and miR-123agomirin PANC-1 cells using the dual luciferase reporter assay.
The results were normalized to Renilla luciferase. (C) The expression of Cyclin El in PANC-1| cells was detected by qRT-PCR. (D) The protein expressions of Cyclin El and
CDK2 in PANC-I cells were detected by western blot. (E, F) The relative protein expressions were quantified by normalizing to B-actin. **P<0.01 compared to control.

significantly reduced luciferase activities compared with
ABHDI11-AS1 (MT-ABHDI11-AS1)
(Figure 5C). Furthermore, pull-down study confirmed
ABHDI11-AS1 bound to miR-1231 (Figure 5D). All
these data revealed that ABHD11-AS1 regulated the
tumorigenesis of pancreatic cancer via sponging miR-
1231.

mutant vector

MiR-1231 Directly Targets cyclin El
To find the target of miR-1231, TargetScan (http://
www.targetscan.org/vert 71/) and dual-luciferase report

assay were performed. As revealed in Figure 6A and B,
cyclin E1 was found to be the direct target of miR-
1231. In addition, the expression of cyclinEl in pan-
creatic cancer cells was significantly downregulated by
miR-1231 agomir (Figure 6C). In contrast, miR-1231
antagomir notably increased the expression of cyclin
El (Figure 6C). Furthermore, the protein expressions
of cyclin E1 and CDK2 in PANC-1 cells were notably
decreased by miR-1231 agomir (Figure 6D-F). All
these results showed that miR-1231 directly targeted
cyclin El.
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Figure 7 ABHDI |-AS| shRNAI-induced GI arrest in pancreatic cancer cells is partially reversed by miR-1231 antagomir. (A, B) The cell cycle distribution in G0/Gl, S, and G2
phase after propidium iodide staining of pancreatic cancer cells were determined by FACS. (C) The protein expressions of Cyclin El and CDK2 in PANC-| cells were detected by
western blot. (D, E) The relative protein expressions were quantified by normalizing to p-actin. **P<0.01 compared to control. ##P<0.0] compared to ABHD|1-AS| shRNAI.

ABHDI I-AS| shRNAI-Induced G|
Arrest in Pancreatic Cancer Cells is
Partially Reversed by miR-123 |

Antagomir

In order to detect the effect of ABHD11-AS1 knockdown
cell cycle, flow cytometry was used. As shown in Figure
7A and B, knockdown of ABHDII-AS1 significantly
induced G1 arrest in pancreatic cancer cells, while
ABHDI11-AS1 knockdown-induced G1 arrest was partially
reversed by miR-1231 antagomir. In addition, protein
expressions of cyclin E1 and CDK2 were significantly
downregulated by ABHD11-AS1 shRNA, while this phe-
nomenon was partially reversed by miR-1231 antagomir
(Figure 7C-E). Taken together, ABHD11-AS1 shRNAI-
induced G1 arrest in pancreatic cancer cells is partially
reversed by miR-1231 antagomir.

Knockdown of ABHD I |-AS| Significantly
Inhibits the Tumor Growth of Pancreatic

Cancer in vivo
Finally, xenograft mice model was established to investi-
gate the role of ABHDI11-AS1 in pancreatic cancer

in vivo. As showed in Figure 8A and B, ABHD11-ASl1
shRNA1 significantly decreased tumor growth in vivo,
while the anti-tumor effect of ABHDI1-AS1 shRNAIl
abrogated by miR-1231
Consistently, tumor weight in mice was greatly reduced
in ABHDI11-AS1 knockdown group compared with the
control group (Figure 8C). However, ABHDI11-ASl1
shRNAT1-induced decrease in tumor weight was notably

was partially antagomir.

reversed in the presence of miR-1231 antagomir (Figure
8C). Furthermore, the protein expressions of cyclin E1 and
CDK2 in tumor tissues of mice were significantly down-
regulated by ABHD11-AS1 shRNA1, while this phenom-
enon was significantly reversed by miR-1231 antagomir
(Figure 8D-F). In summary, knockdown of ABHD11-AS1
significantly inhibited the tumor growth of pancreatic can-
cer in vivo.

Discussion

It has been confirmed that IncRNAs played a key role in
the progression of pancreatic cancer.®’ In the current
study, we confirmed that downregulation of ABHDI11-
ASI1 significantly inhibited the growth of pancreatic cancer
cells. Wen J et al found that the expression of ABHDI11-
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Figure 8 Knockdown of ABHD I |-AS| significantly inhibits the growthof pancreatic cancer in vivo. PANC-Icells were subcutaneously injected into nude mice to establish
xenograft mice model. ABHDI 1-AS| shRNAlor ABHDI |-AS| shRNAI plus miR-1231 antagomir was directly injected into the tumors twice a week. (A) Tumor volumes of
mice were measured weekly. (B) At the end of the study, tumor tissues of mice were collected and pictured. (C) Tumor weights in each group of mice were calculated. (D)
The protein expressions of CDK2 and Cyclin El in tumor tissues of mice were detected by western blot. (E, F) The relative protein expressions were quantified by
normalizing to B-actin. **P<0.01 compared to control. ##P<0.01 compared to ABHDI[-ASI shRNAI.

AS1 was notably upregulated in papillary thyroid carci-
noma (PTC)."” Our study was consistent with this
research, suggesting that ABHD11-AS1 could act as
a promoter during tumorigenesis. On the other hand,
some studies have shown that ABHD11-AS1 participated
in some malignancies. For instance, ABHD11-AS1 could
promote the proliferation, migration and invasion of color-
ectal cancer cells via regulating the miR-1254-WNT11
pathway.”® Meanwhile, Qiao Xi et al found ABHDII-
ASI1 could promote the growth of pancreatic cancer cells
via PI3K/Akt signaling?' The present study further
explored the function of ABHDI11-AS1, confirming that
ABHD11-AS1 could play a key role in the development of
pancreatic cancer.

The present study also found that knockdown of
ABHD11-AS1 could induce the apoptosis of pancreatic
cells. Moreover, ABHDI11-AS1

cancer silencing

significantly upregulated the expression of Active cas-
pase3 and reduced the levels of Bcl-2 and XIAP. Active
caspase 3, XIAP and Bcl-2 were key regulators of cell
apoptosis.”>2* Active caspase 3 has been verified to be
the pro-apoptosis protein during the cell apoptosis,”
while upregulation of Bcl-2 and XIAP could inhibit
the apoptosis of cancer cells.”® The present outcome
was consistent with these data, indicating that ABHD11-
AS1 silencing induced the apoptosis of pancreatic can-
cer cells through upregulating Active caspase3 and
downregulating Bel-2 and XIAP.

Next, the mechanism by which ABHD11-AS1 knockdown
suppressed the progression of pancreatic cancer was explored.
We found miR-1231 was the downstream miRNA of
ABHDI11-AS1. MiRNAs are considered to be differentially
expressed in multiple diseases.”’*® Shang et al revealed that
miRNA-1231

exosomal derived from bone marrow
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mesenchymal stem cells could Inhibit the activity of pancreatic
cancer.'® Our research was consistent to this research, suggest-
ing that miR-1231 could play inhibitory role in pancreatic
cancer. Otherwise, a recent report found that ABHD11-AS1
mediated the progression of papillary thyroid cancer via spong-
ing miR-199a-5p.* This difference may be due to different
tumor types.

It has been confirmed that miRNAs could exert their
biological function mainly by binding their target
mRNAs.**?! In the current study, we found cyclin E1 was
a direct target of miR-1231, which has been regarded as a key
regulator in cell cycle.*” In addition, CDK2 was found to be
downregulated in pancreatic cancer cells in the presence of
ABHDI11-AS1 shRNA1. CDK2 has been confirmed to be
cell cycle regulators in many cancers.>>* The present study
was consistent with these backgrounds, revealing that
ABHDI11-AS1 knockdown notably induced Gl arrest in
pancreatic cancer cells through inactivating CDK2 and
cyclin E1. Meanwhile, our finding indicated that ABHD11-
ASI regulated the tumorigenesis of pancreatic cancer via
sponging miR-1231, which led to the dysfunction of miR-
1231 according to competitive endogenous RNA
network.>>>® Thus, it can be concluded that ABHD11-AS1
indirectly targets cyclin E1.

Frankly speaking, there are some limitations to this
research. First, this research focused only on cell cycle-
related proteins so far. In addition, only one miRNA was
found to be sponged by ABHDI11-AS1. Moreover, this
research did not study the effect of ABHDI11-ASI1
shRNA on PI3K/Akt signaling. Therefore, more investiga-
tions are needed in the future.

In conclusion, knockdown of ABHDI11-AS1 signifi-
cantly suppressed the tumorigenesis of pancreatic cancer
via mediation of miR-1231/cyclin E1 axis. Therefore,
ABHD11-AS1 may serve as a new target for the treatment

of pancreatic cancer.
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