
 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ муфнп !DLbD 

INTRODUCTION  
 

In the United States, pancreatic cancer (PAC) is the 

fourth most common cause of cancer-related death, with 

an estimated 40,560 deaths in 2015 [1]. Despite 

remarkable advances in diagnosis and therapy, patients' 

long-term survival with PAC remains unsatisfactory due 

to high rates of distant metastasis [2]. It is, therefore, 

essential to study the underlying mechanisms of PAC 

aggressiveness and invasion. 
 

MicroRNAs (miRNAs) are a group of endogenous 

evolutionarily conserved non-coding small RNAs that 

can regulate the expression of target mRNA via post-

transcriptionally binding its 3ǋ-untranslated region 

(UTR) [3]. It has been demonstrated that aberrantly 

expressed miRNAs contribute to cancer growth, 

apoptosis, distant metastasis, and drug-resistance in 

PAC [4, 5]. In humans, miR-1252-5p, previously named 

miR-1252, is located on 12q21.2, and has been reported 

to be involved in the progression of various cancer 

types, including non-small cell lung cancer(NSCLC) [6, 

7] and head and neck cancers [8]. However, the 

expression, biological roles, and the underlying 

molecular mechanisms of miR-1252-5p in PAC remain 

fully characterized. 
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ABSTRACT 
 

MicroRNAs (miRNAs) are known to be involved in the development and progression of pancreatic cancer (PAC). 
The expression levels and roles of miR-1252-5p in PAC remain unclear. Quantitative real-time PCR and in situ 
hybridization were used to detect miR-1252-5p expression in PAC cells and human tissues. We studied the gain 
and loss of function of miR-1252-5p in the PAC cell lines in vitro and in vivo. The direct targets of miR-1252-5p 
were analyzed using public databases and a dual-luciferase reporter assay. Expression levels of miR-1252-5p are 
downregulated in PAC cell lines and tissue samples, and its expression is negatively associated with adverse 
clinical features and poor prognosis. In vitro and in vivo experiments show that miR-1252-5p overexpression 
inhibits the proliferation, migration, invasion, and epithelial-mesenchymal transition of PAC cells, and miR-
1252-5p knockdown enhances these biological behaviors. MiR-1252-5p negatively regulates neural precursor 
cell expressed, developmentally downregulated 9 (NEDD9) by directly binding its 3'- untranslated region. 
Further mechanism research revealed that the SRC/STAT3 pathway is involved in miR-1252-5p/NEDD9 
mediation of PAC's biological behaviors. We also verified that Myb inhibited miR-1252-5p by directly binding at 
its promoter. MiR-1252-5p may act as a tumor-suppressing miRNA in PAC and may be a potential therapeutic 
target for PAC patients. 
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It is well established that epithelial-to-mesenchymal 

transition (EMT) is linked to the proliferation and 

invasion of various cancer types, including PAC [9]. 

During EMT, epithelial cells are transformed to have an 

invasive mesenchymal phenotype [10] and exhibit 

changes in expression of EMT markers: downregulated 

E-cadherin (E-cad) and upregulated Vimentin (Vim) 

and N-cadherin (N-cad). Additional transcription 

factors, including Twist, the Snail/Slug family, and 

ZEB1/ZEB2, act as molecular switches in the EMT 

process [10]. EMT-regulating miRNAs, including miR-

200c and miR-21, have been increasingly reported in 

association with cancer [11]. Mostly, miRNAs 

negatively regulate EMT, with only a small number of 

them (such as miR-21) inducing EMT. However, the 

association between miR-1252-5p and EMT in PAC has 

not been investigated. 

 

This study examined miR-1252-5p expression levels 

and clinical significance in human PAC tumor tissues 

(TT) and non-cancerous adjacent tissues (NAT). In 

human PAC cell lines, miR-1252-5p targets the 3ǋ-UTR 

of the mRNA of neural precursor cell expressed, 

developmentally downregulated 9 (NEDD9). Studies 

have observed that NEDD9 is upregulated and may 

promote the invasion and metastasis of many types of 

human malignancy, including PAC [12, 13]. We also 

demonstrate that the SRC/STAT3 pathway may be 

involved in the biological function of miR-1252-5p 

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 and the 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): anti-E-cad, anti-Vim, 

anti-Snail, anti-N-cad, anti-Twist, anti-PCNA, anti-Bax, 

anti-Bcl-2, anti-ZEB1, anti-NEDD9, anti-Myb, and 

anti-GAPDH. The following primary antibodies were 

purchased from Cell Signaling Technology (Beverly, 

MA, USA): anti-t-SRC, anti-p-SRC, anti-t-STAT3, and 

anti-p-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 who underwent surgery in 

the Department of Hepatobiliary Surgery at the 

Affiliated Hospital of Jiangnan University (Wuxi, 

Jiangsu Province, China) between January 2014 and 

December 2015. Primary carcinomas were assessed 

according to the 7th edition of the American Joint 

Committee on Cancer (AJCC) staging system [14] and 

the World Health Organization classification [15]. None 

of the patients had received neoadjuvant therapy before 

surgical resection. 

 

In situ hybridization,  immunohistochemistry, and 

scoring 

 

For in situ hybridization, slides were hybridized 

overnight at 60° C with a miRCURY DIG-labelled 

locked nucleic acid (LNA)-based probe specific  

for miR-1252-5p according to the manufacturerôs  

protocol (Exiqon, Vedbaek, Denmark). For immuno-

histochemistry, these slides were incubated with 

antibodies against E-cad and Vim using 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, 2, and 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 expression of miR-1252-5p, E-

cad, Vim, and NEDD9 were scored overall as 0, 1, 2, 3, 

4, 6, or 9. Expression was defined as ñlowò if the final 

score was < 4 points and as ñhighò if it was > 4 points. 

Scoring was performed by two independent pathologists 

who were blinded to the clinicopathological 

characteristics of the samples. Kappa statistics were 

employed as a measurement of agreement between the 

two pathologists. 

 

Cell culture 

 

A total of 5 human PAC cell lines, ASPC-1, CAPAN-2, 

Panc-1, SW1990, and BxPC-3, and a normal human 

pancreatic epithelium cell line (HPNE) were purchased 

from the American Type Culture Collection. Cells were 

cultured in standard Dulbeccoôs modified Eagleôs 

medium (DMEM, Corning, USA) supplemented with 

10% fetal bovine serum (FBS), 100 units/ml penicillin 

and 100 µg/ml streptomycin and grown in a humidified 

incubator with 5% CO2 at 37° C. 

 

Cell transfection 

 

MiR-1252-5p inhibitor, mimic, and their negative 

controls (NC), anti-miR-NC and miR-NC, were 
designed and synthesized by GenePharma (Shanghai, 

China). The overexpression plasmid for human 

NEDD9 (pcDNA3.1-NEDD9) 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 (sh-NC) were also purchased from 

GenePharma (Shanghai, China). Briefly, 1 × 105 cells 

(35 mm3 well plate) were seeded. The plasmid vectors 

and siRNAs were transfected into PAC cells using 

Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, 

CA, USA) following the manufacturerôs instructions 

at a final concentration of 5 nM for 24 h. Each 

transfection experiment was independently repeated at 

least in triplicates. The knockdown and over-

expression efficiencies were evaluated by quantitative 

real-time PCR (qRT-PCR). 

 

qRT-PCR 

 

All tissues were confirmed by pathological analysis and 

immediately frozen in liquid nitrogen and stored  

at -80° C. According to the manufacturer's instructions, 

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was 

used to extract total RNA from TTs, NATs, and PAC cell 

lines. qRT-PCR was performed using a SYBR® Premix 

Ex Taq kit (Takara Bio Inc., Shiga, Japan) and a 96-well 

real-time PCR system (Bio-Rad Inc., Hercules, CA, 

USA). GAPDH or U6 snRNA was used as a loading 

control. The primers for miR-1252-5p were purchased 

from Sangon Inc., (Shanghai, China), and the details of 

the primers for GAPDH, NEDD9, E-cad, N-cad, ZEB1, 

Twist, Snail, and Vim are listed in Supplementary Table 

1. Relative gene expression was calculated from the qRT-

PCR data using the 2 īȹȹCT method. 

 

Western blotting 

 

Whole protein was 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% SDS-PAGE 

and then transferred into PVDF membranes 

(Millipore, Billerica, MA, USA). The membrane was 

probed with a HRP-conjugated secondary antibody. 

The protein bands were visualized using an electro-

chemiluminescence reagent (ECL; Pierce Chemical 

Co., Rockford, IL, USA). GAPDH was used as a 

loading control, and quantitative analysis was 

performed using Image J software. Other detailed 

methods were shown in Supplementary Material. 

 

Availability of data and materials 

 
The datasets used and/or analyzed during the current 

study are available from the corresponding author on 

reasonable request. 

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 of Jiangnan 

University, Wuxi, Jiangsu Province. All patients 

provided written informed consent prior to their 

inclusion within the study. The study was conducted 

according to the principles outlined in the Declaration 

of Helsinki. 

 

RESULTS 
 

MiR -1252-5p expression was downregulated in PAC 

specimens and cell lines 

 

Using qRT-PCR, we first assessed miR-1252-5p 

expression levels in cell lines (ASPC-1, CAPAN-2, 

SW1990, Panc-1, BxPC 3, and HPNE cells). MiR-

1252-5p expression was significantly reduced in the 5 

PAC cell lines than HPNE cells (Figure 1A). 

Moreover, expression of miR-1252-5p in TT from 102 

patients was markedly lower than that in matched NAT 

(P < 0.001; Figure 1B). Expression of miR-1252-5p 

was also assessed in a tissue microarray (TMA) 

containing 102 human TT and matched NAT 

pancreatic specimens using ISH. According to the 

calculated staining score, the expression levels of miR-

1252-5p were significantly lower in TT compared to 

NAT (P < 0.001; Figure 1C, 1D). 
 

To determine the role of miR-1252-5p in PAC 

progression, we evaluated the relationship between 

miR-1252-5p expression and clinicopathological 

characteristics. We observed that low expression of 

miR-1252-5p was significantly correlated with node 

invasion and high histologic grade, but not with tumor 

diameter, neural invasion, or T stage (Supplementary 

Figure 1Aï1E). Additionally, Kaplan-Meier curves 

indicated that PAC patients with low miR-1252-5p 

expression had a notably decreased OS (P = 0.034; 

Figure 1E). Univariate and multivariate cox regression 

survival analysis indicated that downregulated miR-

1252-5p expression was an independent prognostic 

indicator of poor OS (hazard ratio [HR] = 1.59; 95% 

confidence interval [CI]: 1.01-2.50; P = 0.046; Table 1). 

These results suggested that miR-1252-5p might be 

correlated with tumor progression in PAC. 
 

MiR -1252-5p inhibit ed proliferation, migration, and 

invasion in PAC cells 
 

To explore the biological role of miR-1252-5p in PAC, 

we conducted gain- and loss-of-function studies in BxPC3 

and Panc-1 cells, respectively. It was found that miR-

1252-5p was effectively upregulated in BxPC3 cells and 
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downregulated in Panc-1 cells (P < 0.001; Supplementary 

Figure 2A, 2B). MTT and CellTiter-Glo luminescent cell 

viability assays indicated significantly inhibited cell 

proliferation in the miRNA mimic group compared with 

the NC group, while significantly enhanced cell 

proliferation was observed in the inhibitor group (Figure 

2Aï2D). Western blotting assay of cell proliferation and 

apoptosis markers showed that miR-1252-5p over-

expression significantly inhibited expression of PCNA 

and Bcl-2, but increased expression of Bax. MiR-1252-5p 

knockdown led to the opposite change of these markers 

(Figure 2E and Supplementary Figure 2C, 2D). Moreover, 

wound closure and transwell assays also confirmed that 

miR-1252-5p overexpression significantly reduced, 

whereas knockdown of miR-1252-5p promoted PAC 

cells' migratory and invasive ability, respectively (P < 

0.05; Figure 2H, 2I). 

 

MiR -1252-5p inhibit ed EMT process in PAC 

 

We then explored whether miR-1252-5p modulated PAC 

progression via regulating the EMT process. In human 

PAC tissues, miR-1252-5p expression was found to 

positively related to E-cad expression (P < 0.01; Figure 

3A), but inversely related to Vim expression (P < 0.01; 

Figure 3B). Western blotting assays revealed that miR-

1252-5p overexpression enhanced E-cad expression and 

decreased N-cad, Vim, ZEB1, Twist, and Snail expression 

in BxPC 3 cells, while anti-miR-1252-5p induced the 

opposite in Panc-1 cells (Figure 3C). Moreover, we 

determined EMT marker expression by qRT-PCR and 

observed similar results (P < 0.01; Supplementary Figure 

3A, 3B). Collectively, these results implicate that miR-

1252-5p suppressed EMT process in PAC. 

 

NEDD9 was a direct target of miR-1252-5p in PAC 

 

Using a miRNA target algorithm (Starbase 3.0), we then 

predicted potential targets and observed conserved 

putative miR-1252-5p binding sites at the 3ǋ-UTR of 

NEDD9 (Figure 4A). We selected NEDD9 as a 

potential target for further experiments because our 

previous study [13] found that NEDD9 was over-

expressed in PAC tumor tissues. High NEDD9 

expression was significantly correlated with advanced 

clinical stage, lymph node metastasis, and poor 

prognosis in PAC patients. By qRT-PCR and western 

blotting, we found that overexpression or knockdown of 

miR-1252-5p markedly decreased or enhanced the 

mRNA and protein expression levels of NEDD9 in PAC 

cells, respectively (Figure 4Bï4E). Moreover, we found 

that the protein expression of NEDD9 in human PAC 

tissues expressing high levels of miR-1252-5p was 

significantly lower than those expressing low levels  

 

 
 

Figure 1. MiR-1252-5p expression in PAC cell lines and tissue samples. (A) qRT-PCR assay analyses of miR-1252-5p expression in five 
human PAC cell lines and HPNE. (B) qRT-PCR assay analysis of miR-1252-5p expression in 102 matched fresh human TT and NAT pancreas 
samples. Data were obtained using the 2-ɲɲ/¢ method and were normalized to U6 levels. (C, D) In situ hybridization assay and staining score 
analyses were used to determine miR-1252-5p expression levels in 102 matched human TT and NAT pancreas samples. {ŎŀƭŜ ōŀǊΣ нлл˃Ƴ; scale 
bar for insertsΣ пл˃Ƴ. (E) Kaplan-Meier survival curves showed association of miR-1252-5p expression with overall survival in patients with PAC (P 
= 0.034, log-rank test). PAC, pancreatic cancer; TT, tumor tissues; NAT, non-cancerous adjacent tissues. *, P<0.05; **P < 0.01; ***, P < 0.001. 
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Table 1. tǊƻƎƴƻǎǘƛŎ ŦŀŎǘƻǊǎ ƛƴ /ƻȄΩǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ƘŀȊŀǊŘǎ ƳƻŘŜƭΦ 

Parameters Median OS (95%CI) (months) 
Univariate analysis 

 
Multivariate analysis 

HR (95%CI)  P HR (95%CI)  P 

Tumor size, cm       

  < 3.5 15.7(11.7-18.9) 1.0 0.061  1.0 0.075 

  Ó3.5 12.2(10.1-13.4) 1.62(0.98-2.69)   1.33(0.97-1.82)  

T stage        

  T1-2 18.8(12.9-24.3) 1.0 0.032  1.0 0.038 

  T3 12.9(11.5-14.3) 1.81(1.05-3.12)   1.29(1.01-1.65)  

N stage        

  N0 14.8(12.3-18.5) 1.0 0.143    

  N1 11.5(9.1-13.9) 1.47(0.88-2.44)     

Grade        

  Poor 12.5(9.6-14.3) 1.0 0.353    

  Good+ moderate  15.7(13.1-18.0) 0.77(0.45-1.33)     

Neural invasion       

  Negative 15.9(13.3-18.9) 1.0 0.006  1.0 0.029 

  Positive  11.1(10.2-12.8) 2.06(1.23-3.46)   1.67(1.05-2.05)  

Vascular invasion        

  Negative 13.4(12.3-14.5) 1.0 0.766    

  Positive  12.6(10.1-15.3) 0.86(0.31-2.36)     

MiR -1252-5p score        

  High 19.2(14.0-23.6) 1.0 0.051  1.0 0.046 

  Low  12.2(10.9-13.5) 1.79(1.00-3.23)   1.59(1.01-2.50)  

Note: Tumor classification and stage were referred to the 7th edition of UICC (2009) on cancer staging system. 

 

(Figure 4F). An inverse correlation between miR-1252-

5p and NEDD9 mRNA expression was validated in 

human PAC tissues by Spearmanôs correlation analysis 

(P = 0.0004; Figure 4G). Next, overexpression or 

knockdown of miR-1252-5p significantly decreased or 

enhanced the luciferase activity of wild-type (WT) 

NEDD9 3ǋ-UTR, respectively. Altering miR-1252-5p 

expression did not substantially change the luciferase 

activity of mutant (MUT) NEDD9 3ǋ-UTR cells (Figure 

4H, 4I). These data indicate that NEDD9 was a 

downstream target of miR-1252-5p in PAC. 

 

NEDD9 mediated the biological functions of miR-

1252-5p in PAC cells 

 

To confirm the biological role of NEDD9 in the effects of 

miR-1252-5p on PAC, we successfully upregulated or 

knocked down NEDD9 expression via transfecting 

pcDNA3.1-NEDD9 (Figure 5A, 5B) or shRNA targeting 

NEDD9 (Figure 5C, 5D). NEDD9 overexpression 

promoted PAC cell proliferation, migration, and invasion, 

while silencing NEDD9 resulted in significantly reduced 

malignant behaviors (Supplementary Figure 4Aï4H). 

Furthermore, rescue experiments showed that up-

regulation of NEDD9 restored the miR-1252-5p 

overexpression-inhibited proliferation, migration, 

invasion, and EMT process in BxPC3 cells. 

Simultaneously, knockdown of NEDD9 blocked the miR-

1252-5p inhibitor-enhanced biological effects on Panc-1 

cells (Figure 5Eï5L). We also explored the association 

between miR-1252-5p expression and NEDD9 expression 

in human PAC tissues and found that miR-1252-5p 

expression was inversely related to NEDD9 expression (P 

< 0.01; Figure 5M). These results supported the 

hypothesis that NEDD9 acted as a functional mediator of 

miR-1252-5p in PAC. 

 

MiR-1252-5p inhibited tumor xenograft growth of 

PAC in vivo 

 

To validate the functions of miR-1252-5p in the growth of 

PAC in vivo, we performed a mouse xenograft 

experiment. As exhibited in Figure 6A, 6B, agomiR 1252-

5p treatment significantly suppressed tumor volume 

(Figure 6A) and weight (Figure 6B). IHC staining of Ki-

67 clarified that agomiR 1252-5p treatment markedly 

decreased tumor proliferation (Figure 6C). Furthermore, 

qRT-PCR assay verified enhanced levels of miR-1252-5p 

expression in tumors with agomiR 1252-5p-treatment 

compared with control tumors (Figure 6D). Importantly, 

western blot and IHC staining assay analysis confirmed 

that agomiR 1252-5p treatment markedly decreased 

protein expression of NEDD9, E-cad, Vim, and ZEB1 in 

the xenograft tumors (Figure 6E, 6F). 
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The SRC/STAT3 pathway was involved in the 

biological roles of miR-1252-5p/NEDD9 in PAC 

 

It has been shown that NEDD9 acted through SRC and 

STAT3 to promote invasion in melanoma, cervical 

cancer, and ovarian cancer [17ï19]. To investigate 

whether this pathway is involved in the biological roles of 

miR-1252-5p/NEDD9 axis in PAC development, we 

examined these proteins' phosphorylation states. NEDD9 

upregulation at least partially rescued the levels of 

phosphorylated SRC and STAT3 inhibited by miR-1252-

5p overexpression in BxPC-3 cells, while modulating 

NEDD9 expression did not alter the levels of both total 

proteins (Figure 7A). Furthermore, inhibition of miR-

1252-5p induced activation of SRC/STAT3 signaling, and 

NEDD9 knockdown at least partially inhibited these 

effects (Figure 7B). Besides, MTT and wound healing 

assays showed that NEDD9 stimulated proliferation and 

migration of PAC cells (Figure 7Cï7F), which was 

significantly impeded in both cell lines incubated with 

PP1, an inhibitor of SRC. Western blotting assays showed 

that NEDD9-induced EMT relied on SRC activity in 

BxPC-3 (Figure 7G) and Panc-1 cells (Figure 7H). 

Collectively, these data indicated that the SRC/STAT3 

pathway was involved in the biological function of miR-

1252-5p/NEDD9 in PAC. 

 

 
 

Figure 2. MiR-1252-5p inhibited the proliferation, migration and invasion of PAC cells. (AςD) MTT and CellTiter-Glo luminescent 

cell viability assays were conducted to detect cell proliferation after transfection with corresponding miRNA vectors in PAC cells. (E) Western 
blot assays were conducted to examine markers of cell proliferation and apoptosis (PCNA, Bcl-2 and Bax) after transfection with 
corresponding miRNA vectors in PAC cells. (FςI) Wound healing and Transwell (without or with Matrigel) assays analysis of cell migratory and 
invasive ability after transfection with corresponding miRNA vectors in PAC cells. **Pғ лΦлмΤ ϝϝϝΣ P < 0.001. 
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Figure 3. MiR-1252-5p inhibited the EMT process of PAC cells. (A, B) Representative immunohistochemical staining and histograms 

for E-cad (A) and Vim (B) expression were showed and compared between high- and low-miR-1252-5p expressing PAC tissues. Scale bar, 
нлл˃m for upper row and 40˃m for lower row. (C) Western blot analysis of EMT markers (E-cad, N-cad, Vim, ZEB1, Snail and Twist) after 
transfection with corresponding miRNA vectors in PAC cells. GAPDH served as a loading control. E-cad, E-cadherin; N-cad, N-cadherin; Vim, 
Vimentin. **Pғ лΦлмΤ ϝϝϝΣ P < 0.001. 
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Myb inhibit ed miR-1252-5p 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 miR-1252. Two Myb-binding motifs 

from 1963 to ī1972 and ī352 to ī361 were identified, 

named A and B (Figure 8A), and ChIP assay confirmed 

that Myb protein was indeed recruited to these two 

binding sites in both cells (Figure 8B, 8C). Next, 

reduced luciferase activity in the wt miR-1252 promoter 

was observed after overexpression of Myb in both cells 

(Figure 8D, 8E). These effects were not observed when 

the A and/or B sites were mutated. We found that 

ectopic expression of Myb inhibited, while silencing of 

Myb increased, miR-1252-5p expression in PAC cells 

(Figure 8F, 8G). On the contrary, expression of NEDD9 

protein in PAC cells was decreased or increased after 

 

 
 

Figure 4. NEDD9 was a direct target of miR-1252-5p in PAC cells. (A) miR-1252-5p ŀƴŘ ƛǘǎ ǇǳǘŀǘƛǾŜ ōƛƴŘƛƴƎ ǎŜǉǳŜƴŎŜǎ ƛƴ ǘƘŜ о-UTR of 
NEDD9. (BςE) qRT-PCR and western blot analysis of NEDD9 mRNA and protein expression after transfection with corresponding miRNA 
vectors in PAC cells. (F) Western blot assays of NEDD9 protein expression in human PAC tissues with high- and low-miR-1252-5p expressing. 
(G) An inverse correlation between miR-1252-5p and NEDD9 mRNA levels was observed in human PAC tissues (n = 18). (H, I) Luciferase 
activity was detected after co-transfection with corresponding miRNA vectors and luciferase vectors in PAC cells. NEDD9, neural precursor 
cell expressed, developmentally downregulated 9; PAC, pancreatic cancer; WT, wild-type; MUT, mutant-type; UTR, untranslated region. 
** Pғ лΦлмΤ ϝϝϝΣ P < 0.001, ns, not significant. 
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Figure 5. Modulation of NEDD9 partially restored miR-1252-5p-mediated cellular functions in PAC. (AςD) qRT-PCR and western 
blot analysis of NEDD9 mRNA and protein expression after transfection with corresponding vectors in PAC cells. (E, F) MTT assays were 
conducted to detect cell proliferation after transfection with corresponding vectors in PAC cells. (GςJ) Wound healing and Transwell (without 
or with Matrigel) assays analysis of cell migratory and invasive ability after transfection with corresponding miRNA vectors in PAC cells. (K, L) 
Western blotting assays were conducted to detect NEDD9 and EMT markers (E-cad, N-cad, Vim) after transfection with corresponding vectors 
in PAC cells. (M) IHC assay analysis of the association between miR-1252-5p expression and NEDD9 expression in human PAC tissues. Scale 
ōŀǊΣ млл˃m for upper row and 40˃m for lower row. NEDD9, neural precursor cell expressed, developmentally downregulated 9; E-cad, E-
cadherin; N-cad, N-cadherin; Vim, Vimentin. *Pғ лΦлрΤ ϝϝPғ лΦлмΤ ϝϝϝΣ P < 0.001. 


