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ABSTRACT

MicroRNAs (miRNAs)re known to be involvedin the developmentand progressionof pancreaticcancer(PAC
The expressionlevels and roles of miR-1252-5p in PACremain unclear. Quantitative real-time PCRand in situ
hybridization were usedto detect miR-12525p expressionin PACcellsand humantissues.We studied the gain
and lossof function of miR-1252-5p in the PACcell linesin vitro and in vivo. Thedirect targets of miR-1252-5p
were analyzedusingpublic databasesand a dualHuciferasereporter assay.Expressionevelsof miR-12525p are
downregulatedin PACcell lines and tissue samples,and its expressionis negatively associatedwith adverse
clinical features and poor prognosis.In vitro and in vivo experiments show that miR-1252-5p overexpressiol
inhibits the proliferation, migration, invasion, and epithelial-mesenchymaltransition of PACcells, and miR-
12525p knockdown enhancesthese biological behaviors. MiR-12525p negatively regulates neural precurso
cell expressed,developmentally downregulated 9 (NEDD9)by directly binding its 3'- untranslated region.
Further mechanism research revealed that the SRC/STAT®athway is involved in miR-12525p/NEDD¢
mediation of PAC'diologicalbehaviors.We alsoverified that Myb inhibited miR-12525p by directly binding at
its promoter. MiR-1252-5p may act as a tumor-suppressingniRNAin PACand may be a potential therapeutic
target for PAQCpatients.

INTRODUCTION can regulate the expressioh target mRNAvia post

In the United States, pancreatic cancer (PAC) is the
fourth most common cause of cancelated death, with

an estimated 40,560 deaths in 2013%]. Despite
remarkable advances in diagnosis and therapy, patients'
long-term survival withPAC remains unsatisfactory due

to high rates of distant metasta$d. It is, therefore,
essential to study the underlying mechanisms of PAC
aggressiveness and invasi

MicroRNAs (miRNAs) are a group of endogenous
evolutionarily conserved nowoding smallRNAs that

transcri pti on aiuhtrgnslatbdiregidn n g
(UTR) [3]. It has been demonstrated that aberrantly
expressed miRNAs contribute to cancer growth,
apoptosis, distant metasis, and drugesistance in
PAC4, 5]. In humans, miRL2525p, previously named
miR-1252, is located on 12¢g21.2, and has been reported
to be involved in the progression of various cancer
types, including norsmall cell lung cancer(NSCLC) [6,

7] and head and neck cancej8]. However, the
expression, biological roles, and the underlying
molecular mechanisms of miR2525p in PAC remain
fully characterized
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It is well established that epithelitd-mesenchymal
transition (EMT) is linked to the proliferation and
invasion of vamus cancer types, including PAQ].
During EMT, epithelial cells are transformed to have an
invasive mesenchymal phenogp[10] and exhibit
changes in expression of EMT markers: downregulated
E-cadherin (Ecad) and upregulated Vimentin (Vim)
and Ncadherin (Ncad). Additional transcription
factors, including Twist, the Snail/Slug family, and
ZEB1/ZEB2, act as moletar switches in the EMT
procesq10]. EMT-regulating miRNAs, including miR
200c and miR21, have been increasingly refsa in
association with cancer[11]. Mostly, miRNAs
negatively regulate EMT, with only a small number of
them (such as miR1) inducing EMT. Howeer, the
association betweaniR-12525p and EMT in PAC has
not been investigated.

This study examinedniR-12525p expression levels
and clinical significance in human PAC tumor tissues
(TT) and norcancerous adjacent tissues (NATh
human PAC cell ling miR-12525ptargest h eUTR Nj
of the mRNA of neural precursor cell expressed,
developmentallydownregulated9 (NEDD9). Studies
have observed that NEDD9 is upregulatead may
promote the invasion and metastasis of many types of
humanmalignancy includng PAC [12, 13] We also
demonstrate that the SRC/STAT3 pathway may be
involved in the biological function of miR2525p
targeting of NEDD9 in PAC.

MATERIALS AND METHODS
Ethics and reagents

The study protocol was performed according to the
principles of the Declaration of Helsinki atite ethics
committee of the Affiliated Hospital of Jiangnan
University, Wuxi, Jiangsu Province, China. Informed
consent was obtained from all patients

The following primary antibodies were purchased from
Abcam (Cambridge, England): antE-cad, antVim,
anttSnail, antiN-cad, antiTwist, anttPCNA, antiBax,
antiBcl-2, antiZEB1, antNEDD9, antiMyb, and
antrGAPDH. The following primary antibodies were
purchased from Cell Signaling Technology (Beverly,
MA, USA): antit-SRC, antip-SRC, antit-STAT3, and
antip-STAT3. PP1, an SRC inhibitor, was purchased
from Selleck Chemicals (Houston, TX, USA).

Study population and follow-up
PAC tumor tissue samples and matched NATs were

collected from 102 patients whaderwent surgery in
the Department of Hepatobiliary Surgergt the

Affiliated Hospital of Jiangnan University (Wuxi,
Jiangsu Province, China) between Januarg42énd
December 208. Primary carcinomas were assessed
according to the 7th edition of the Amman Joint
Committee on Cancer (AJCC) staging system Hri
the World Health Organization classification [1§pbne

of the patients had received ndpevant theapy before
surgical resection.

In situ hybridization, immunohistochemistry, and
scoring

For in situ hybridization, slides were hybridized
overnight at 60° C with a miRCURY DHabelled

locked nucleic acid (LNApased probe specific

for miR-12525p accor di ng t o t he n
protocol (Exigon, Vedbaek, Denmark). For immuno
histochemistry, these slides were incubated with
antibodies againsg-cad and Vimusing the DAKO

Envision system(DAKO, Carpinteria, CA, USA), as
described previously [16]

The staining results were scored by the multiply of
staining intensity (0,1,,2and 3 points scored for none,
weak, intermediate and strong staining, respectively)
and percentage of positive cells (0, 1, 2, and 3 scored
for <10%, 10% to 50% and >50% positive tumor cells,
respectively). Thus, the expressionnoiR-12525p, E

cad Vim, and NEDD9were scored overall as 0, 1, 2, 3,

4, 6, or 9. Expression was
score was < 4 points and as
Scoring was performed hyo independent pathologists
who were blinded to the clinicopathological
characteristics of the sampleKappa statistics were
employed as a measurement of agreement between the
two pathologists.

Cell culture

A total of 5 human PAC cell lines, ASPL; CAPAN-2,
Panel, SW1990, and BxP@, anda normal human
pancreaticepithelium cell line (HPNEyvere purchased
from the American Type Culture Collection. Cells were
cultured i n standard Dul
medium (DMEM, Corning, USA) supplemented with
10% fetal bovine serum (FBS)00 units/ml penicillin
and 100 pg/ml streptomyciand grown in a humidified
incubator with 5% C@at 37° C.

be

Cell transfection

MiR-12525p inhibitor, mimic, and their negative
controls (NC), antmiR-NC and miRNC, were
designed and synthesized by GenePharma (Shanghai,
China). The overexpressionplasmid for human
NEDD9 (pcDNA3.ZNEDD9) and Myb (pcDNA3.1
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Myb) and the negative controls (empty vector [EV])
were synthesized by GenePharma (Shanghai, China).
Specific small hairpin RNA (shRNA) targeting
NEDD9 (ShNEDD9) Myb (shMyb) and the negative
control (shNC) were also purchased from
GenePharma (Shangha&hina). Briefly, 1 x 18 cells

(35 mn? well plate) were seeded. The plasmid vectors
and siRNAs were transfected inBAC cells using
Lipofectamine 2000 Reagent (Invitrogen, Carlsbad,
CA,USA)f ol | owing the
at a final concentratn of 5 nM for 24 h. Each
transfection experiment was independently repeated at
least in triplicates. The knockdown and over
expression efficiencies were evaluateddmantitative
reattime PCR (QRTPCR)

gRT-PCR
Al ti ssues were
i mmedi ately frozen i n

a t8 0 C. According to the manufacturer's instructions,
TRIzol reagent (Invitrogen, Carlsbad, CA, USWps
used toextracttotal RNA from TTs, NATs, and PAC cell
lines. gRFPCR was performedsing a SYBR® Premix
Ex Taqg kit (Takara Bio Inc., Shiga, Japan) and av88
reattime PCR system (Bi®ad Inc., Hercules, CA
USA). GAPDH or U6 snRNA was used as a loading
control. The primers for miRL2525p were purchased
from Sangon Inc., (Shanghathina), and the details of
the primers folGAPDH, NEDD9, Ecad, Ncad, ZEB1,
Twist, Snail, and Vim are listed Bupplementarfable

1. Relative gene expression was calculated from the qRT
PCR data using th' ®®< method.

Western blotting

Whole proteinwas extracted from tissues and cells
using RIPA buffer (Roche, Basel, Switzerland). A
BCA Protein Assay Kit (Thermo Fisher Scientific)
was used to determine protein concentration. An equal
amount of protein was separated by 10% SEDEGE
and then transfeed into PVDF membranes
(Millipore, Billerica, MA, USA). The membrane was
probed witha HRP-conjugated secondary antibody.
The protein bands were visualized using an electro
chemiluminescence reagent (ECPBjerce Chemical
Co., Rockford, IL USA). GAPDH wasused as a
loading control, and quantitative analysis was
performed using Image J softwar@ther detailed
methods were shown BupplementaryMaterial

Availability of data and materials
The datasets used and/or analyzed during the current

study are avéble from the corresponding author on
reasonable request.

manuf a cofHelsirkir 6 s i

Ethics approval and consent to participate

All procedures performed in the present study involving
human specimens were approved by the Ethics
Committee of the affiliated hospital ofiiangnan
University, Wuxi, Jiangsu Province. All patients
provided written informed consent prior to their
inclusion within the study. The studyas conducted
according to the principles outlined the Declaration
nstructions

RESULTS

MiR -12525p expressionwas downregulated in PAC
specimens and cell lines

Using gRTFPCR, we first assessed miR525p
expression levels in cell lines (ASPC CAPAN-2,

coahal yme dSWIig0,@Partdh BxP® 8,iandHPNE cell3. MiR-
I i qLR525p expression wag significaatly decedtsntthe 15 e d

PAC cell lines than HPNE cells (kige 1A).
Moreover, expression of miR2525p in TT from D2
patients was markedly lower than that in matched NAT
(P < 0.001; Figure 1B). Expression of miR2525p
was also assessed in téssue microarray TMA)
containing 102 human TT and matched NAT
pancreatic specimens using ISH. According to the
calculated stainingcore the expression levels of miR
12525p were significantly lower in TT compared to
NAT (P < 0.001; Figure1C, 1D).

To determine the role ofmiR-12525p in PAC
progression, we evaluated the relationship between
miR-12525p expression and clinicopathological
characteristics. We observed that low expression of
miR-12525p was significantly correlated with node
invasion and high histologic gradeyt not with tumor
diameter, neural invasion, or T stadggupplementary
Figure 1Ai1E). Additionally, KaplanMeier curves
indicated that PAC patients with low miR525p
expression had a notably decreased ®S=(0.034;
Figure 1E). Univariate and mitivariate cox regression
survival analysis indicated thatownregulatedmiR-
12525p expression was an independent prognostic
indicator of poorOS (hazard ratio [HR] =1.59 95%
confidence interval [CI]1.01-2.50;P = 0.046; Table .
These resultssuggestd that miR-12525p might be
correlated with tumor progression in PAC.

MiR -12525p inhibit ed proliferation, migration, and
invasion in PAC cells

To explore the biological role of mikR2525p in PAC,
we conducted gaimand lossof-function studies in BXPC3
and Pand cells, respectively. It was found that miR
12525p was effectivelyupregulatedn BxPC3 cells and
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downregulatedn Panel cells P < 0.001; Supplementary decreas#N-cad, Vim, ZEB1, Twist, and Snail expression
Figure 2A, 2B). MTT andCellTiterGlo luminescent cell in BXPC 3 cells, wh#¢ anttmiR-12525p induced the
viability assays indicated significdy inhibited cell opposite in Pant cells (Figure 8). Moreover, we
proliferation in the miRNA mimic group compared with determined EMT marker expression by gRCR and
the NC group, while significantly enhanced cell observed similar result® (< 0.01; Supplementary Figure
proliferation was observed in the inhibitor grodpg(re 3A, 3B). Collectively, these results implicate that miR
2Ai 2D). Western blottingassayof cell proliferation and 12525p suppessed EMT process in PAC.

apoptosis markers showed that RIBS525p over

expressionsignificantly inhibited expression of PCNA NEDD9 was a direct target of miR-12525p in PAC
and Bct2, but increased expression of BEKR-12525p

knockdown led to the opposite change of these markers Using a miRNA target algorithm (Starba&€), we then

(Figure 2E andSuppementanfigure 2C, 2D). Moreover predicted potential targets and observed conserved
wound closure and transwell assays also comdid that putative miR12525p bi ndi ng -WTRtofes at
miR-12525p overexpression  significantly reduced, NEDD9 (Figure 4A). We selected NEDD9 as a
whereas knockdown of milR2525p promoted PAC potential target for further experiments because our
cells’ migratory and invasive ability, respectiveR € previous study [13] found that NEDD9 was over
0.05;Figure2H, 21). expressed in PAC tumor tissues. High NEDD9
expression was significantly correlated wadvanced
MiR -12525p inhibit ed EMT processin PAC clinical stag, lymph node metastasis, and poor
prognosis in PAC patient®y qRT-PCR and western
We then explored whether mi2525p modulated PAC blotting, we found thabverexpressionr knockdown of
progression via regulating the EMdrocess.In human miR-12525p markedly decreased or enhanced the
PAC tissues miR-12525p expressionwas found to MRNA and protein expression levels of NEDD9 in PAC
positively related tde-cad expressionP < 0.01; Figure cells, respectivelyFigure4Bi 4E). Moreover, we found
3A), but inversely related t¥im expression® < 0.01; that the protein expression of NEDD9 in human PAC
Figure B). Western blotting assays revealed that-miR  tissues expressing high levels of miR525p was
12525p overexpressiorenhancd E-cad expressiomand significantly lower than those expressing low levels

A B

-
(%]
1

-
o
1

0.5

Relative expression
of miR-1252-5p(U6)

Relative miR-1252-5p expression
N w
1 1
%‘lo\oo
1]
— sveg go\{ ’
o

[l miR-1252-5p low
Bl miR-1252-5p high 100

~~ miR-1252-5p-low

-]
o

=~ miR-1252-5p-high

@

=3
-3
o

]
8

% of cases
(-]
o
Percent survival
N
o

0 P=0.034
2 NAT: 0.0 20.0 40.0 60.0 80.0
0S (Months)

Figure 1.MiR-12525p expression in PAC cell lines and tissue samp{&sgRTPCR assay analyseswiR12525p expression in five

human PACell lines and HPNEB) qRTPCR assay analysismiR12525p expression in 102 matched fresh human TT and NAT pancreas
samples Datawere obtained using the2? n / rhethod andwere normalized to U6 levelsC(D) In situ hybridizationassay and staining score
analyses were used to determim@R12525p expression levels in 102 matched human TT and NAT pancreas sgmplésf S 0 Jsbie H n 1 >
bar for insert&  n J{EpKAplaAVeier survival curves showed association of 1#R825p expression with overall survival in patients with PRC (

= 0.034, logank test).PACpancreatic cancef T tumor tissuesNAT hon-cancerous adjacent tissues P<0.05; *P< 0.01***, P<0.001.
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Tablel.t N23y2aidA0O FI O02NE&
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Univariate analysis Multivariate analysis

Parameters Median OS (95%CI) (months) HR (95%C)) P HR (95%C)) P
Tumor size, cm
<35 15.7(11.718.9) 1.0 0.061 1.0 0.075
03.5 12.2(10.113.4) 1.62(0.982.69) 1.33(0.971.82)
T stage
T1-2 18.8(12.924.3) 1.0 0.032 1.0 0.038
T3 12.9(11.514.3) 1.81(1.053.12) 1.29(1.011.65)
N stage
NO 14.8(12.318.5) 1.0 0.143
N1 11.5(9.213.9) 1.47(0.882.44)
Grade
Poor 12.5(9.614.3) 1.0 0.353
Good+ moderate 15.7(13.118.0) 0.77(0.451.33)
Neural invasion
Negative 15.9(13.318.9) 1.0 0.006 1.0 0.029
Positive 11.1(10.212.8) 2.06(1.233.46) 1.67(1.052.05)
Vascular invasion
Negative 13.4(12.314.5) 1.0 0.766
Positive 12.6(10.115.3) 0.86(0.312.36)
MiR -12525p score
High 19.2(14.023.6) 1.0 0.051 1.0 0.046
Low 12.2(10.913.5) 1.79(1.003.23) 1.59(1.0%2.50)

Note: Tumor classification and stage were referred to the 7th editiodI@fC (208) on cancer staging system.

(Figure 4F). An inverse correlation between AIFS2

5p and NEDD9 mRNA expression was validated in
human PAC tissues by
(P = 0.0004 Figure 4G). Next,overexpressionor
knockdown of miR12525p significantly decreased or
enhanced the luciferase activity of wilgbe (WT)
N E D D 9-UTR, Njespectively. Altering miR2525p

expression did not substantially change the luciferase
( MU T-YTR NelisOfEig@ire 3 Nj

activityofmut ant
4H, 41). These data indicate that NEDDSas a
downstream target of miR2525p in PAC.

NEDD9 mediated the biological functions of miR
12525p in PAC cells

To confirm the biological role of NEDDi@ the effects of
miR-12525p on PAC, we successfullyupregulatedor
knocked down NEDD9 expressioria transfecting
pcDNA3.1:-NEDD9 (Figure 5A, 5B) or shRNA targeting
NEDD9 (Figure 5C, 5D). NEDD9 overexpression
promotedPAC cell proliferation, migration, and invasion,
while silencing NEDD9 resulted in significantly reduced
malignant behaviors SupplementaryFigure 4Ai4H).

Simultaneously, knockdown of NEDD9 blocked the miR
12525p inhibitorenhanced biological effects on Pdnc

betweermiR-12525p expression and NEDD9 expression
in human PAC tissuesnd found thatmiR-12525p
expressiowas inversely related tdEDD9 expressior{P

< 0.01; Figire 5M). These results supped the
hypothesis that NEDD9 a as a functional mediator of
miR-12525p in PAC.

MiR-12525p inhibited tumor xenograft growth of
PAC in vivo

To validate the functions ofiR-12525pin the growth of
PAC in vivo, we performed a mouse xenograft
experiment. As exhibited in Rige6A, 6B, aganiR 1252
5p treatment significantly suppressedtumor volume
(Figure 6A) and weight (Figre 6B). IHC staining of Ki
67 clarified thatagamiR 12525p treatmentmarkedly
decreasedumor proliferation(Figure 6C). Furthermore,
gRT-PCRassayverified enhanced levels of miR2525p
expression in tumorsvith aganiR 12525p-treament
compared with control tumors (Fige 6D). Importantly,

Furthermore, escue experiments showed that- up  western blot andHC stainingassay analysis confirmed
regulaton of NEDD9 restored the miIR525p that aganmiR 12525p treatment markedly decreased
overexpressioimhibited proliferation, migration, protein expression of NEDD9,-&d, Vim and ZEB1lin
invasion, and EMT process in BxPC3 cells. the xenograft tumorg-igure 6E, 6F).
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The SRC/STAT3 pathway was involved in the
biological roles of miR12525p/NEDD9 in PAC

It has been shown that NEDD9 edtthrough SRC and
STAT3 to promote invasion in melanoma, cervical
cancer, and ovarian cancgl7i19]. To investigate
whetherthis pathwayis involved in the biological roles of
miR-12525p/NEDD9 axis in PAC development, we
examined these proteins' phosplatign states. NEDD9
upregulation at least partially rescued the kevel
phosphorylated SRC and STAT3 inhibited by AiF52

5p overexpression in BxPE cells, while modulating
NEDD9 expression did not alter the levels of both total

proteins (Figure7A). Furthermore, inhibition of miR
12525p induced activation SRC/STAT3signaling, and
NEDD9 knockdown at least partially inhibited these
effects (Figure7B). Besides, MTTand wound healing
assays showed that NEDD9 stimulated proliferatiad
migration of PAC cells (Figure 7Ci 7F), which was
significantly impeded in both cell lines incubated with
PP1, an inhibitor of SRGVestern blotting assays showed
that NEDDSinduced EMT relied on SRC activity in
BxPG3 (Figure 7G) and Pand cells (Figure7H).
Collectively, these data indicatethat the SRC/STAT3
pathwaywas involved in the biological function of miR
12525p/NEDD9 in PAC.
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Myb inhibit ed miR-12525p expression through
binding its promoter

We used the JASPER bioinformatics software program
to search a 2 kb region upstream of the transcription
start site (TSS) of miR252. Two M/b-binding motifs
from1963t o 1 19 B2t a3dbTweie identified,
named A and B (Figur8A), and ChIP assay confirmed
that Myb protein was indeed recruited to these two

binding sites in both cells (Figur8B, 8C). Next,
reduceduciferase activity irthe wt miR1252 promoter
was observed afteverexpressionf Myb in both cells
(Figure8D, 8E). These effects were not observed when
the A and/or B sites were mutated. We found that
ectopic expressionf Myb inhibited, while silencing of
Myb increased, nit-12525p expression in &AC cells
(Figure8F, 8G). On the contrary, expression of NEDD9
protein in PAC cellsvas decreased or increased after
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vectorsin PACells (F) Western blot assays of NEDD9 protein expressidruman PAC tissues with higind lowmiR12525p expressing.
(G An inverse correlation betweemiR12525p and NEDD9 mRNA levels was observed in human PAC tissues (nH [18)ugiferase
activity was detected after caransfection with correspondingniRNA vectors and luciferase vectamsPACcells NEDD9, neural precursor
cell expressed, developmentaljownregulated9; PAC, pancreatic cancer; WT, wjige; MUT, mutantype; UTRuntranslatedregion.

*Pr 1 & n M<0.0@1F ng, Basignificant.
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Figure 5. Modulation of NEDD9 partially restored miR525p-mediated cellular functions in PAGQAcD) gRFPCR and western

blot analysis of NEDD9 mRNA and protein expression @éesfection with corresponding vectoia PACcells (E F) MTT assays were
conducted to detect cell proliferation afteransfection with corresponding vectons PACells (G¢J Wound healing and Transwelithout

or with Matrigel)assays analysis of cell migratory and invasive ability &tesfection with corresponding miRNA vectarsPACells (K L)
Western blotting assays were conducted to detect NEDD9 and EMT marea, (Bcad, Vim) aftetransfection with correspondingectors

in PACcells (M) IHC assay analysis of the association betweerl282-5p expression and NEDD9 expression in human PAC tissues. Scale
0 I NZ m fonupper row and 48m for lower row.NEDD9, neural precursor cell expressed, developmerdalynregulated9; Ecad, E
cadherin; Ncad, Ncadherin; Vim, Vimentin.Pr 1 ®Rfp Tn ®/FM<T0.0Q1F F =
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