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MiR-4282 contributes to inhibit pancreatic cancer
metastasis by negatively interacting with ABCB5
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Abstract. - OBJECTIVE: To explore the regu-
latory mechanism of microRNA-4282 (miR-4282)
on influencing pancreatic cancer progression by
targeting ABCB5.

PATIENTS AND METHODS: MiR-4282 and
ABCBS5 levels in 58 cases of pancreatic cancer
and paracancerous tissues were detected by
quantitative Real Time-Polymerase Chain Reac-
tion (qRT-PCR). The influences of miR-4282 on
pathological indicators and prognosis in pan-
creatic cancer patients were analyzed. MiR-
4282 overexpression model was established in
PANC-1 and BxPC-3 cells by transfection of miR-
4282 mimic. Transwell and wound healing assay
were conducted to illustrate the role of miR-4282
in influencing cell functions of pancreatic can-
cer. Bioinformatics analysis and Dual-Lucifer-
ase reporter assay were carried out to ascertain
the interaction between miR-4282 and ABCBS.

RESULTS: MiR-4282 was downregulated in
pancreatic cancer samples. Low level of miR-
4282 predicted high incidences of lymphatic me-
tastasis and distant metastasis, as well as poor
prognosis in pancreatic cancer patients. Over-
expression of miR-4282 remarkably inhibited mi-
gratory ability in PANC-1 and BxPC-3 cells. MiR-
4282 was targeted by ABCB5 through specific
binding sites. In pancreatic cancer tissues, AB-
CB5 level was negatively correlated to that of
miR-4282. Overexpression of ABCB5 could abol-
ish the inhibitory effects of overexpressed miR-
4282 on the malignant progression of pancreat-
ic cancer.

CONCLUSIONS: MiR-4282 is able to inhibit
the migratory ability in pancreatic cancer cells
by negatively targeting ABCB5, which may be-
come a promising pancreatic cancer biomarker.
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Introduction

Pancreatic cancer is a highly malignant tumor
in the digestive system. Its median survival ranges
3-6 months and the 5-year survival is lower than

5%"2. Although therapeutic outcomes of surgery
resection and adjuvant medication have been pro-
gressed, the survival of pancreatic cancer has not
been greatly improved in the past decades®*. The
latest epidemiological survey has reported that
pancreatic cancer is the 12" most-common tumor
and the 4" tumor killer throughout the world>*.
In China, the incidence of pancreatic cancer se-
riously increases each year’®. Atypical symptoms
in the early phase and lack of sensitive tumor bio-
markers for pancreatic cancer result in the loss
of the most optimal opportunity for surgery’. It
is super urgent to identify highly specific and ef-
fective biomarkers for pancreatic cancer, thus en-
hancing the surgical resection rate'®!".

In addition to clinical and pathological pre-
dictive factors, molecular subtypes of pancreat-
ic cancer are increasingly valued'®!2, Molecular
profiling techniques have revealed the influenc-
es of oncogenes and tumor-suppressor genes on
cancer development, metastasis patterns, treat-
ment response and prognosis'>. MicroRNAs
(miRNAs) have been emerged as a novel type of
tumor biomarkers!*. These non-coding genes
exert biological functions by silencing mRNAs
and post-transcriptional regulation'>. MiRNAs
induce mRNA degradation and thereafter inhibit
protein translation in a manner of complementa-
ry base pairing'®. Deficiency in the normal func-
tions of miRNAs triggers expression changes in
oncogenes and/or tumor suppressors'>*. A rel-
evant study detected 72 dysregulated miRNAs
(23 upregulated and 49 downregulated miRNAs)
in pancreatic cancer profiling, which are proven
to be linked to its survival’. Previous studies'®"”
have shown the lowly expressed miR-4282 in
oral squamous cell carcinoma and breast can-
cer, which is associated to pathological grade,
tumor staging and prognosis. The potential role
of miR-4282 in pancreatic cancer progression is
rarely reported.
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Bioinformatics analysis suggested the inter-
action between miR-4282 and ABCB5. ABCBS5,
as a major member of the ATP-binding cassette
(ABC) transporters, can maintain the dormant
state of stem cells and decrease cell sensitivity
to external physical and chemical stimuli. It has
been identified as a molecular marker of malig-
nant melanoma-derived cells**?'. Cells with abun-
dantly expressed ABCBS have a high tumorigen-
ic rate. The knockdown of ABCBS5 remarkably
reduces tumor volume in tumor-bearing mice?*%,

We collected pancreatic cancer samples to
uncover the role of miR-4282 in influencing its
clinical features. The molecular mechanism of
miR-4282 on regulating malignant progression
of pancreatic cancer with the involvement of
ABCBS5 provides experimental evidence for its
clinical application.

Patients and Methods

Pancreatic Cancer Samples

Cancer tissues and normal ones were surgically
resected from 58 pancreatic cancer patients operat-
ed in the Affiliated Yantai Yuhuangding Hospital
of Qingdao University. Samples were confirmed
by two experienced pathologists independently and
stored at -80°C for experimental use. Tumor node
metastasis (TNM) staging and histological classifi-
cation of pancreatic cancer were defined according
to the criteria proposed by UICC/AJCC. Inclusion
criteria: patients with no severe diseases in other or-
gans, and none of patients had preoperative chemo-
therapy or molecular targeted therapy. Exclusion cri-
teria: patients complicated with other malignancies,
those with mental disease, those complicated with
myocardial infarction, heart failure or other chronic
diseases, or those previously exposed to radioactive
rays. This study was approved by the Ethics Com-
mittee of the Affiliated Yantai Yuhuangding Hospi-
tal of Qingdao University and it was conducted after
informed consent of each subject.

Cell Lines and Reagents

Pancreatic cancer cell lines (AsPC-1, PANC-1,
MIA PaCa-2, CFPAC-1, BxPC-3) and the pancreatic
duct epithelial cell line (HPNE) were provided by
American Type Culture Collection (ATCC; Manas-
sas, VA, USA). Cells were cultured in Roswell Park
Memorial Institute-1640 (RPMI-1640; HyClone,
South Logan, UT, USA) with 10% fetal bovine se-
rum (FBS; HyClone, South Logan, UT, USA) in a
5% CO, incubator at 37°C. Cell passage was per-
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formed at the confluence of 80-90% using 1 % tryp-
sin + EDTA (ethylenediaminetetraacetic acid).

Transfection

MiR-4282 mimic, NC mimic, pcDNA3.1-NC
or pcDNA3.1-ABCBS5 were purchased from Ge-
nePharma (Shanghai, China). Cells in 6-well
plates were cultured to 40-60% confluence and
transfected using Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA). They were collected
for use after 48 h.

Transwell Migration Assay

Transwell chambers (Millipore, Billerica, MA,
USA) were inserted in each well of a 24-well
plate. 200 uL of suspension (5x10° cells/ml) was
applied in the upper layer of the chamber with
700 pL of medium containing 20% FBS in the
bottom. After 48-h incubation, migratory cells in
the bottom were reacted with 15-min methanol,
20-min crystal violet and captured using a micro-
scope. Migratory cells were counted in 10 random
selected fields per sample.

Wound Healing Assay

Cells were prepared into suspension with 5x10°
cells/mL, and implanted in 6-well plates. Until
90% of cell attachment, an artificial wound was
made using a sterilized pipette tip. The cells were
washed in phosphate-buffered saline (PBS) for 2-3
times and cultured in the medium containing 1%
FBS. 24 hours later, wound closure was captured
for calculating the percentage of wound healing.

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

TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
was used for isolating total cellular RNAs, which
were reversely transcribed into complementary
deoxyribose nucleic acids (cDNAs; PrimeScript
RT Reagent; TaKaRa, Otsu, Shiga, Japan). Using
the SYBR® Premix Ex Taq™ kit (TaKaRa, Otsu,
Shiga, Japan) and StepOne Plus Real-time PCR
system (Applied Biosystems, Foster City, CA,
USA), qRT-PCR was carried out. Relative level
was calculated by 224" and normalized to that of
glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) or B-actin. MiR-4282: forward: 5’-ATGTGG-
CAGATCCCACAGGAGTTT-3’, reverse: 5’-ACT-
GGGTTTGACTTCGTAGCCCTT-3’;, U6: forward:
5-CCTGGCACCCAGCACAAT-3’, reverse: 5>-TG-
CCGTAGGTGTCCCTTTG-3’; ABCBS: forward:
5-TCAGAGAAATGGAACTGCAGAAGA-3’,
reverse:  5-AAGGAAGGCAGGCTCCATTG-3’;
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B-actin:  forward: 5-CCTGGCACCCAGCA-
CAAT-3, reverse: 5-TGCCGTAGGTGTC-
CCTTTG-3.

Western Blot

Cells were lysed in radioimmunoprecipitation
assay (RIPA) buffer (Beyotime, Shanghai, China)
on ice for 30 min. Cell lysate was centrifuged at
4°C, 14000xg for 15 min. Extracted protein sam-
ples were quantified by bicinchoninic acid (BCA)
method (Pierce, Rockford, IL, USA). Protein sam-
ples were electrophoresed in 10% Sodium Do-
decyl Sulphate-Polyacrylamide Gel Electropho-
resis (SDS-PAGE), and loaded on polyvinylidene
difluoride (PVDF) membranes. Subsequently,
non-specific antigens were blocked in 5% skim
milk for 2 hours. The membranes were reacted
with primary (anti-ABCBS5, GAPDH) and sec-
ondary antibodies (anti-mouse, anti-rabbit) for in-
dicated time. Band exposure and analyses of grey
values were finally conducted.

Dual-Luciferase Reporter Assay

Wild-type and mutant-type ABCBS5 vectors were
constructed based on the predicted consequential
pairing of the seed sequence in the 3’untranslated
region (3’UTR) of ABCBS5 and miR-4282. PANC-
1 and BxPC-3 cells were inoculated in 24-well
plates. They were co-transfected with NC mimic/
miR-4282 mimic and ABCB5-WT/ABCB5-MUT
using Lipofectamine 2000. After culturing for 48
h, the Luciferase activity was measured.

Statistical Analysis

Data were expressed as mean + standard devi-
ation and analyzed by GraphPad Prism 5 V5.01
(La Jolla, CA, USA). Differences between groups
were analyzed by the #-test. Chi-square analysis
was conducted for analyzing the influences of
miR-4282 on pathological indicators in pancre-
atic cancer patients. Pearson correlation test was
applied for evaluating the correlation between rel-
ative expressions of two genes. Each experiment
was conducted in triplicate. A significant differ-
ence was set at p<0.05.

Results

MiR-4282 Was Lowly Expressed in
Pancreatic Cancer Tissues and Cell Lines
MiR-4282 was detected to be downregulated in
pancreatic cancer cell lines than that of the pancre-
atic duct epithelial cell line (Figure 1A). PANC-1

and BxPC-3 cell lines were selected for the sub-
sequent experiments because they expressed the
lowest level of miR-4282 among the tested pan-
creatic cancer cell lines. Similarly, miR-4282 was
downregulated in pancreatic cancer tissues com-
pared with that in normal ones (Figure 1B). It is
suggested that miR-4282 may exert the anti-can-
cer role in the progression of pancreatic cancer.

MiR-4282 Expression Was Correlated
with Metastasis and Overall Survival in
Pancreatic Cancer Patients

We recruited pancreatic cancer tissues from
58 patients, and they were classified into two
groups according to the median level of miR-
4282 in their cancer tissues. Chi-square test was
conducted for assessing the relationship between
miR-4282 and pathological indicators in pancre-
atic cancer patients. As the data revealed, low
level of miR-4282 was related to high incidences
of lymphatic metastasis and distant metastasis in
pancreatic cancer (Table I). Lower abundance of
miR-4282 was identically detected in pancreatic
cancer patients accompanied lymphatic or distant
metastasis than those without metastases (Figure
1C). Poor prognosis was observed in pancreatic
cancer patients expressing low level of miR-4282
(Figure 1D).

Overexpression of MiR-4282 Inhibited
Metastasis in Pancreatic Cancer

MiR-4282 overexpression model was con-
structed in PANC-1 and BxPC-3 cells by transfec-
tion of miR-4282 mimic (Figure 2A). Overexpres-
sion of miR-4282 largely decreased migratory
cell number in PANC-1 and BxPC-3 cells (Figure
2B). Meanwhile, wound closure percentage was
lower in pancreatic cancer cells overexpressing
miR-4282 than those of controls (Figure 2C). It
is concluded that overexpression of miR-4282 in-
hibited migratory ability in pancreatic cancer.

MiR-4282 Bound to ABCB5

Using online bioinformatics tools, we predict-
ed consequential pairing of target region in the
seed sequence of ABCB5 and miR-4282 was
identified. Dual-luciferase reporter assay was
conducted by co-transfection of Luciferase vec-
tors and miR-4282 mimic. Luciferase activity
markedly decreased in PANC-1 and BxPC-3 cells
co-transfected with miR-4282 mimic and AB-
CBS5-WT vector, confirming that miR-4282 could
be bound by ABCBS5 (Figure 3A). Protein and
mRNA levels of ABCB5 were downregulated in
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Figure 1. MiR-4282 was lowly expressed in pancreatic cancer tissues and cell lines. A, MiR-4282 levels in pancreatic cancer
cell lines. B, MiR-4282 levels in pancreatic cancer tissues and normal ones. C, MiR-4282 levels in pancreatic cancer patients
either with lymphatic metastasis, distant metastasis or not. D, Overall survival in pancreatic cancer patients with high or low
expression of miR-4282. Data were expressed as mean+SD. *p < 0.05, **p < 0.01, ***p < 0.001.

Table I. Association of miR-4282 expression with clinicopathologic characteristics of pancreatic cancer.

Number miR-4282 expression
of
Parameters cases High (%) Low (%) P
Age (years) 0.778
<60 23 14 9
>60 35 20 15
Gender 0.863
Male 21 12 9
Female 37 22 15
T stage 0.419
T1-T2 35 22 13
T3-T4 23 12 11
Lymph node metastasis 0.028
No 34 24 10
Yes 24 10 14
Distance metastasis 0.012
No 33 24 9
Yes 25 10 15




MiR-4282 inhibits pancreatic cancer metastasis

A PANC-1 BxPC-3
81 *k 104 *k
—_— _
c -1 c
] o A I
2 6- 2 8
o N o N e
°n = . °RQ e
g3 : g3 ] S
o & 41 1 dg B
25 3 1 259 =
5 ° 2 : - k| e
§ % 2 -: & 24 ..'ﬁ. o :ﬁ:‘:
BT 04 et
NC mimic miR-4282 mimic NC mimic miR-4282 mimic
B PANC-1 BxPC-3
NC mimic miR-4282 mimic NC mimic miR-4282 mimic
= c
.2 il
& ©
2 2
= =
*%
400+ | ——
2 K
3 3 3004
o [&]
Y b
g ; 200-
2 o o 2
£ = £ e
3 e 3 100, S
S e
i o | B
NC mimic miR-4282 mimic NC mimic miR-4282 mimic
PANC-1 BxPC-3
C NC mimic miR-4282 mimic NC mimic miR-4282 mimic

0h

24 h

60

Persent wound closure (%)
S
o
1

Persent wound closure (%)

204 : :f = 20- $W'=*'H§
| ::._:_.._E_:_.... | e
NC mimic miR-4282 mimic NC mimic miR-4282 mimic

Figure 2. Overexpression of miR-4282 inhibited metastasis in pancreatic cancer. A, MiR-4282 level in PANC-1 and BxPC-3
cells transfected with NC mimic or miR-4282 mimic. B, Migration in PANC-1 and BxPC-3 cells transfected with NC mimic or
miR-4282 mimic (magnification: 40x). C, Wound closure percentage in PANC-1 and BxPC-3 cells transfected with NC mimic
or miR-4282 mimic (magnification: 40x). Data were expressed as mean+SD. **p < 0.01.
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Figure 3. MiR-4282 bound to ABCBS. A, Luciferase activity in PANC-1 and BxPC-3 cells co-transfected with NC mimic/miR-
4282 mimic and ABCB5-WT/ABCBS-MUT. B, Protein and mRNA levels of ABCBS in PANC-1 and BxPC-3 cells transfected
with NC mimic or miR-4282 mimic. C, ABCBS levels in pancreatic cancer tissues and normal ones. D, A negative correlation
between expression levels of miR-4282 and ABCBS. Data were expressed as mean+SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4. ABCBS5 was involved in miR-4282-regulated phenotypes of pancreatic cancer cells. A, Protein and mRNA levels
of ABCBS in PANC-1 and BxPC-3 cells transfected with NC mimic+pcDNA3.1-NC, miR-4282 mimic+pcDNA3.1-NC or
miR-4282 mimic+pcDNA3.1-ABCBS. B, Migration in PANC-1 and BxPC-3 cells transfected with NC mimic+pcDNA3.1-NC,
miR-4282 mimic+pcDNA3.1-NC or miR-4282 mimic+pcDNA3.1-ABCBS5 (magnification: 40x). C, Wound closure percent-
age in PANC-1 and BxPC-3 cells transfected with NC mimic+pcDNA3.1-NC, miR-4282 mimic+pcDNA3.1-NC or miR-4282
mimic+pcDNA3.1-ABCBS5 (magnification: 40x). Data were expressed as mean+SD. **p < 0.01.
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pancreatic cancer cells overexpressing miR-4282
(Figure 3B). Differential expressions of ABCBS5
were examined between pancreatic cancer tissues
and normal ones. As qRT-PCR data uncovered,
ABCBS was upregulated in pancreatic cancer tis-
sues (Figure 3C), and notably, displayed a nega-
tive correlation to miR-4282 level (Figure 3D).

ABCB5 Was Involved in
MiR-4282-Regulated Phenotypes
of Pancreatic Cancer Cells

We next explored the biological function of
ABCBS in pancreatic cancer progression. Trans-
fection of pcDNA3.1-ABCBS5 markedly increased
the downregulated level of ABCBS in PANC-
1 and BxPC-3 cells overexpressing miR-4282
(Figure 4A). Subsequently, migration changes in
pancreatic cancer cells influenced by both miR-
4282 and ABCBS were assessed by transwell and
wound healing assay. Co-overexpression of miR-
4282 and ABCBS5 markedly reversed migratory
characteristic in pancreatic cancer cells induced
by overexpression of miR-4282 (Figure 4B, 4C).

Discussion

Pancreatic cancer is a digestive system solid
tumor featured by an extremely high mortality.
The medical burden on pancreatic cancer is the
greatest in Asia owing to the large population and
increased incidence'*. In our country, the mor-
bidity to mortality ratio of pancreatic cancer is
approximately 1:0.99, and it has become a malig-
nant tumor that severely affects human health*®.
Pancreatic cancer has a strong ability to promote
the growth of fibrous connective tissues. Such
an ability is beneficial to the rapid development
of local invasion through infiltration to the sur-
rounding organs and blood vessels, and distant
metastasis by extensive lymph node involve-
ment’®, Surgical resection is an effective strategy
only preferred to early stage pancreatic cancer pa-
tients®®. Pancreatoduodenectomy is also optional
in a small number of advanced pancreatic cancer
patients. Most of these patients are treated by pal-
liative care aiming to relieve the pain. However,
surgery cannot remarkably improve their progno-
sis. More than 80% of operated pancreatic cancer
patients may develop relapse. Therefore, compre-
hensive treatment for pancreatic cancer, such as
radiotherapy and chemotherapy, is needed’. It is
believed that early diagnosis of pancreatic cancer
is the best way to improve the survival®'!,
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MiRNAs are non-coding RNAs containing
18-24 nucleotides. They are highly stable and
tissue-specific. Their expressions in the blood
are not affected by an extreme pH value and
body temperature'*!’. MiRNAs are functional
in life activities, which are responsible for regu-
lating development, differentiation, metabolism
and other aspects'®!. In addition, they are key
regulators in many human diseases. Serving as
oncogenes or tumor suppressors, miRNAs are
involved in tumor progression'*!'*. For lowly ex-
pressed miRNAs in tumor samples with the an-
ti-cancer characteristics, they can be utilized as
therapeutic targets for tumor diseases'*'*!". The
literature on the miR-4282 is scarce; and its as-
sociation and pancreatic cancer is unclear. Our
findings showed that miR-4282 was downreg-
ulated in pancreatic cancer tissues than that of
normal ones. Its level was closely related to me-
tastasis incidence and poor prognosis in pancre-
atic cancer patients, indicating the potential an-
ti-cancer role of miR-4282 in pancreatic cancer
progression. In vitro experiments were conduct-
ed in PANC-1 and BxPC-3 cells transfected with
miR-4282 mimic or NC mimic. Overexpression
of miR-4282 remarkably weakened migratory
ability in pancreatic cancer cells.

MiRNAs negatively regulate gene expressions
by inhibiting transcriptional pathway or post-tran-
scriptionally degrading target mRNAs'>'®. Over
60% of protein-encoding genes can be regulated
by miRNAs'". Our results verified the direct bind-
ing between miR-4282 and ABCBS. The behavior
of ABCBS5 was better known in the oncology by
contrast to miR-4282. Moreover, miR-4282 overex-
pression failed to enrich mutant-type ABCBS vec-
tor, further supporting our conclusion. ABCBS level
was found to be negatively regulated by miR-4282 in
pancreatic cancer cells. At last, rescue experiments
illustrated that ABCBS abolished the regulatory ef-
fects of miR-4282 on pancreatic cancer migration.
Collectively, the anti-cancer effect of miR-4282 on
the malignant progression of pancreatic cancer cells
required the involvement of ABCBS. To sum up, as
a novel tumor suppressor gene, miR-4282 could in-
hibit the malignant development of pancreatic can-
cer, which became a promising biomarker for diag-
nosis and treatment for pancreatic cancer.

Conclusions

Summarily, miR-4282 is able to inhibit the mi-
gratory ability in pancreatic cancer cells by neg-
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atively targeting ABCBS, which may become a
promising pancreatic cancer biomarker.
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