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Objective: To investigate the effect of miR-590-3p on the malignant biological behavior of 
pancreatic cancer, and to explore the target genes and pathways directly affected by miR-590- 
3p, to provide new therapeutic ideas and targets for the study of the diagnosis and treatment 
of pancreatic cancer.
Methods: We used qRT-PCR to measure miR-590-3p expression quantities. We used cell 
cycle, CCK-8, clonal formation to verify the change of proliferation capacity of PC cells. We 
used transwell assay to detect the migration and invasion of PC cells. We used the bioinfor-
matics tool TargetScan (http://www.targetscan.org) to identify the possible target genes of 
miR-590-3p. Immunohistochemistry revealed the clinicopathological significance of 
PPP2R2A, p27 and miR-590-3p in the expression of pancreatic cancer. Western blot was 
used to detect the expression changes of PPP2R2A, p27 and G1/S cell cycle pathway-related 
proteins CDK2, cyclinE2 and p21 after transfection of mimics and inhibitors of miR-590-3p.
Results: According to our study, hsa-miR-590-3p expression was significantly higher in PC 
tissues than that in paired normal pancreas, which was associated with PC tumor size 
(P=0.042) and preoperative CA19-9 level (P=0.046) of PC patients. Its overexpression 
promoted PC cell proliferation, invasion and migration following with the p27 and 
PPP2R2A protein downregulation in Capan-2, PANC-1 and BxPC-3 cells, and vice versa. 
Bioinformatics analysis and dual-luciferase reporter assay further confirmed that p27 and 
PPP2R2A were direct target genes of miR-590-3p. The negative relationship of miR-590-3p 
with p27 and PPP2R2A was also observed in PC tissues.
Conclusion: MiR-590-3p promotes the proliferation, migration and invasion of pancreatic 
cancer cells. MiR-590-3p directly downregulated p27 and PPP2R2A and via the G1/S cell 
cycle pathway to promote the development of pancreatic cancer.
Keywords: MiR-590-3p, pancreatic ductal carcinoma, PPP2R2A, G1/S cell cycle pathway, 
p27

Introduction
Pancreatic carcinoma (PC) is a member of the most aggressive malignant tumors and 
contributes to cancer-related death as the seventh most common cause.1 It is crucial to 
identify a new potential biomarker as a prognostic factor and therapeutic target of PC.

MiRNAs as a group of short (~22 nucleotides), endogenous and noncoding 
RNAs can regulate target gene expression by directly binding to the 3ʹ-UTR of 
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specific mRNA.2 miRNAs are becoming important bio-
markers in different kinds of diseases, not only in malig-
nant tumor cells, but also in cardiosphere-derived stem 
cells,3 human mesenchymal stem cell,4 etc. Several 
microRNAs have been reported to contribute to the tumor-
igenesis, development and prognosis of PC which might 
provide therapeutic target for this mortal disease.5

Hsa-miR-590-3p is one of the mature members of the 
human microRNA-590 family. It has been reported that 
miR-590-3p is related to the development of several kinds 
of cancer, including colorectal cancer (CRC),6 Lynch syn-
drome (a common hereditary form of CRC),7 glioblastoma8 

and nephroblastoma.9 However, the effect of miR-590-3p in 
PC cells has not been reported to our knowledge. In the 
current study, we first discovered that miR-590-3p directly 
regulated p27 and PPP2R2A in PC cells.

P27 (CDKN1B) belongs to the CIP/KIP family of CDK 
inhibitors (CDKIs) with p21 and p57, can induce the G1 
cell phase arrest by inhibiting cyclin/CDK complexes in 
a number of cell lines.10 Posttranscriptional loss of p27 
related to poor prognosis in several solid tumors. Reduced 
expression or loss of p27 protein contributes to the genesis 
or progression of PC.11–13

Protein phosphatase 2A (PP2A) is an important member 
of the major Ser/Thr phosphatases and belongs to the PPP 
family involving control of cell growth and division.14,15 

PPP2R2A, also known as PR55α or B55α, has 
a widespread tissue distribution.14 It has been reported to 
be a tumor suppressor in several kinds of malignant tumors, 
such as AML, HCC, colorectal cancer, pancreatic cancer.

The potential function and corresponding molecular 
mechanism of miR-590-3p in development of PC has 
been systematically investigated in current study.

Materials and Methods
Human Tissue Specimens
Sixty paired fresh PC and normal pancreas tissues were 
obtained from PC patients in the Department of 
Gastrointestinal Surgery of the First Hospital of China 
Medical University from 2006 to 2017 and 42 pairs of 
fresh tissues of them were stored at −80°C condition until 
used. Pathological diagnosis of PC is the necessary condi-
tion for all patients to be chosen. This study was approved 
by the institutional review board of the China Medical 
University and a consent form was signed by each parti-
cipating patient. The staging standard was referred to the 
AJCC Cancer Staging Manual (8th Edition).

Immunohistochemistry (IHC)
All surgical samples were fixed in neutral formaldehyde 
and embedded in paraffin to make slices 4 µm thick. 
S-P immunohistochemistry was used for dyeing. Primary 
antibody was incubated overnight at 4°C with rabbit poly-
clonal p27 Kip1antibody (Cat. No. 25614-1-AP, 1:200, 
Proteintech, China) and rabbit anti-PPP2R2A antibody 
(ab18136, 1:100, Abcam, UK). Biotin-labeled secondary 
antibodies (ultrasensitive; incubation at indoor temperature 
for 25 min, MaiXin, gentle, China) and display the colors 
in DAB. Five fields were randomly selected for each slice. 
The expression of p27 and PPP2R2A was divided into fir 
grades according to the percentage of dyeing area: 0 points 
(no staining), 1 point (1%~25%), 2 points (26%~50%), 3 
points (51%~75%), and 4 points (76% +).The expression 
of p27 and PPP2R2A was further divided into four grades 
according to the intensity of staining: 0 (no staining), 1 
(pale yellow granules), 2 (dark yellow granules) and 3 
(yellow-brown granules). The product of the extent and 
intensity score was used as the final staining scores (0–12).

Cell Lines and Culture
Human pancreatic cancer (PC) cells Capan-2, BxPC-3, 
AsPC-1, SW1990, MIA PaCa-2 and PANC-1 and the 
HEK293T cell were purchased from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). All cells 
were cultured in DMEM or RPMI-1640 within 10% FBS 
(Hyclone, Logan, UT, USA), and 1% penicillin streptomy-
cin combination under the condition of 5% CO2 at 37°C in 
an incubator.

Total RNA Isolation and qRT-PCR
We use TRIzol reagent (Takara Bio, Otsu, Japan) to extract 
total RNA from tissue samples and harvested PC cells, 
following the instruction of manufacturer. RNA levels was 
kept to be equal quantities in all samples via nucleotide 
test before qRT-PCR detection. MirVana miRNA Isolation 
Kit (Ambion, Austin, TX, USA) was used to purify 
microRNAs. For reverse transcriptase polymerase chain 
reactions (RT-PCR), we used the stem-loop primer and 
the PrimeScript RT Reagent Kit (Promega, Madison, WI, 
USA) to synthesize cDNA. MiRNA primers for qPCR 
were purchased from GenePharma (Soochow, China). We 
used the Custom gene qRT-PCR Quantitation Kit 
(GenePharma) to measure mature miR-590-3p expression 
under the following thermos cycling conditions: 95°C for 
three minutes, 45 cycles of 95°C for 12 seconds and 62°C 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 11046

Shi et al                                                                                                                                                                Dovepress

http://www.dovepress.com
http://www.dovepress.com


for 50 seconds; and dissociation-curve analysis was added 
at the end. The relative miR-590-3p expression levels were 
standardized to U6 snRNA expression, and we use the 
2−ΔΔct method to calculate the fold changes in expression. 
We defined positive value of ΔΔct as relative miR-590-3p 
high-expression and negative value of ΔΔct as relative 
miR-590-3p low-expression (PC tissues compared with 
paired normal pancreas tissues).

Primers were as followings:
miR-590-3p forward, 5ʹ-AAAGATTCCAAGAAGCT 

AAGGGTG-3ʹand reverse, 5ʹ-CCTAACTGGTTTCCTGT 
GCCTA-3ʹ; U6 forward, 5ʹ-CTCGCTTCGGCAGCACA 
-3ʹ and reverse, 5ʹ-AACGCTTCACGAATTTGCGT)-3ʹ.

miRNA Transfection
miR-590-3p mimics, NC (negative control), inhibitors and 
inhibitor NC (inhibitors negative control) were produced 
by GenePharma (Soochow, China). For transient expres-
sion studies, PC cells were transfected with miR-590-3p 
mimics, NC, inhibitors and inhibitor N.C according to the 
recommended protocol. Lipofectamine 3000 reagent 
(Invitrogen, Carlsbad, CA, USA) was the transfection 
medium during the transfection process.

Cell Cycle
PC cells on culture plate were washed with PBS twice and 
collected into centrifuge tubes. One milliliter 70% pre-
cooled ethanol were added into centrifuge tubes and kept 
in tubes at 4°C for 12 h. Then the cells were centrifuged at 
the condition of 1000 rps for five minutes and washed with 

PBS and centrifuged again under the same conditions. The 
centrifugal sediment was treated with Cell Cycle and 
Apoptosis Analysis Kit (Beyotime, China). Flow cytome-
try was performed to detect the cells 30 mins after PI 
staining. We used cell cycle matching software to analyze 
the primary result to record hypodiploid peak, namely sub- 
G1 phase, G0/G1 phase, S phase, and G2/M phase. The 
experiment was repeated three times independently. The 
software used for cell cycle is FlowJo (version 10.6.2. BD 
biosciences, NY, USA).

Colony Formation and Proliferation Assay
1×103cells of different group after transfection (miR-590- 
3p mimics, NC, inhibitors and inhibitor NC) were sepe-
rately seeded into six-well culture plates per well. After 10 
days culturing under the condition of 37°C and 5% CO2 in 
an incubator, the plates were washed with PBS. We 
washed the cells with PBS twice after fixing them with 
precooled methanol for 30 min and staining them with 1% 
crystal violet for 30 min. We used Cell Counting Kit-8 
(CCK-8) assay to detect cell proliferation. Briefly, we 
harvested cells with 0.05% trypsin/EDTA and counted 
them after transfection (miR-590-3p mimics, NC, inhibi-
tors and inhibitor NC) for 48 h and then seeded them into 
four 96-well plates at a density of 3000 cells per well and 
incubated overnight. The cells were added with 10 μL 
CCK-8 (Bimake; USA) and incubated for three hours at 
37°C. The absorbancy value (with OD450 nm) was 
detected every 24 h for four days by ELISA 96-well 
microtiter plate reader (BIORAD680; USA) and data are 

Figure 1 miR-590-3p expression in tissue samples and in PC cells. (A) miR-590-3p expression quantities in tissue samples were quantified by qPCR (normalized to U6 
snRNA). 2−ΔΔct values represent relative expression level. (B) Expression quantities of miR-590-3p in different PC cells. Bars indicate ±SE, **P<0.01.
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presented as the cell number. Three independent experi-
ments were performed.

Cell Migration and Invasion Assay
In our lab, modified Boyden chamber (BD Biosciences, 
Sparks, MD, USA) assays are standard assays to assess 
cell invasion and cell migration. Briefly, miR-590-3p 
mimics, NC, inhibitors and inhibitor NC were transfected 
into PC cells for 48 h. Then 5×104cells in 300 μL FBS- 
free culture medium were counted and seeded on BD 
chamber membrane (pore size: 8.0 μM) in 24-well plates 
in 600 μL culture medium plus 10% FBS in the bottom of 
each well. Twenty-four hours later, we used cotton swab to 

carefully clean cells inside of the chamber. Cells from the 
chamber on the bottom were fixed with precooled metha-
nol for 30 min, stained with 1% crystal violet for 30 min, 
and washed with PBS twice. We used a microscope 
(Nikon Microphot-FX, Japan) to take pictures of the 
migratory cells and count them in five random fields at 
×20 magnification. The invasion assay was almost the 
same with migration assay except that we added 50 
µl 10% matrigel (BD Biosciences) diluted with FBS-free 
medium inside the BD chamber on the membrane and 
incubate the chambers for four hours at 37°C. We counted 
the actual number of cells per field to present results. 
Three independent experiments were performed.

Table 1 Clinicopathological Associations of miR-590-3p Expression in Primary PDAC

Clinicopathological no. of patients Expression of miR-590-3p χ2 P

parameters high low

Cases 42

Age(years)
≤60 27 16 11 0.224 0.636

>60 15 10 5

Gender

Male 24 15 9 0.008 0.927
Female 18 11 7

Tumor location
Head 31 20 11 0.342 0.559

Body-tail 11 6 5

Tumor size(cm)

<2.5 11 4 7 4.123 0.042*

≥2.5 31 22 9

Differention

Well 18 12 6 0.303 0.582
Moderate and poor 24 14 10

UICC satge
I+IIA 30 20 10 1.01 0.315

IIB+III 12 6 6

Lymph nodes metastasis

N0(negative) 30 20 10 1.01 0.315

N1+N2(positive) 12 6 6

Pre-therapeutic CA19-9

level(U/ml)
＜37 9 3 6 3.965 0.046*

≥37 33 23 10

Postoperative liver metastasis

Negative 24 17 7 1.893 0.169

Positive 18 9 9

Notes: miR-590-3p expression higher and lower than the mean expression level was defined as high and low expression, respectively; *P<0.05, statistically significant.
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Western Blot Assays
RIPA buffer (Beyotime, China) with 1% PMSF was used to 
extract total protein. Total proteins (30 μg/lane) were divided 
into peptide chains of different molecular weights by 10% 
SDS-PAGE electrophoresis (KeyGEN BioTECH, China) and 
transferred to PVDF membranes (EMD Millipore, Billerica, 
MA, USA). All the membranes were blocked with 5% nonfat 
milk for two hours and then incubated with primary antibo-
dies at 4°C overnight, and then the membranes were incu-
bated by a secondary antibody for two hours. BeyoECL Plus 
reagent (Beyotime, China) was used to detect signals.

Dual-luciferase Reporter Assay
The p27 and PPP2R2A 3ʹ-UTR sequence were cloned into the 
pmirGLO vector dividedly. We co-transfected 100 ng wild-type 
or mutant-type firefly luciferase reporter plasmid and 10 ng 
pRL-TK plasmid as control and miR-590-3p mimics or NC into 
HEK293T cells reached 50–80% confluence grown in 12-well 
plates. Dual-luciferase Reporter Assay System (Promega) was 
used to detect luminescence of cells’ lysate after culturing cells 
for 48 h. Independent experiments were repeated three times.

Statistical Analysis
Statistical analysis was performed with the SPSS software 
(version 17.0, SPSS Inc., Chicago, IL, USA). The Pearson 

coefficient was used to assess correlations between vari-
ables. The correlations between miR-590-3p expression 
and clinic pathologic parameters were analyzed by chi- 
squared tests. Survival data were plotted with Kaplan– 
Meier curves and significance was calculated using the log 
rank test provided by the software. Means ±SD was calcu-
lated and two tailed Student’s t-test (two group comparison) 
or one way ANOVA (multiple groups comparison) was 
performed using the data analysis tools provided by the 
software. P<0.05 was considered as statistically significant.

Results
miR-590-3p Relatively High-expressed in 
Clinical Tumor Samples
qRT-PCR showed that miR-590-3p expression was much higher in 
PC tissues than paired normal pancreas (P<0.05, Figure 1A). High 
expression of miR-590-3p was significantly relevant with larger 
tumor size (P=0.042) and high expression of preoperative CA19-9 
level (P=0.046), but not related to age, tumor location, gender, the 
degree of tumor differentiation, UICC stage, lymph node metas-
tasis or postoperative liver metastasis (Table 1). In addition, there 
was no statistically significant difference in survival analysis 
shown in Supplemental Figure S1. These results showed that 
miR-590-3p overexpression participated in the development of 
PC, which drives us to continue the further study in vitro.

Figure 2 miR-590-3p enhanced cancer cell proliferation in vitro via altering cell cycle profiles. (A and B) Transfection efficiency of miR-590-3p mimics and inhibitors in PC 
cells quantified by qPCR. (C–E) Cell proliferation in PC cells under the condition of miR-590-3p overexpression and downregulation. **P<0.01.
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miR-590-3p Enhanced Proliferation of PC 
Cells in vitro
High miR-590-3p expression (Capan-2 and BxPC-3) cells 
and low miR-590-3p expression (PANC-1) cells were used 
to continue our following experiments based on the results 
in Figure 1B. Although BxPC-3 is the only one cell line 
that harbored wild-type K-ras, qRT-PCR showed that miR- 
590-3p expression was not related with K-ras phenotype in 
six PC cell lines in Figure 1B because of no significant 
difference of miR-590-3p expression in mutant and wild- 
type K-ras expressing PC cell lines. The overexpression 
and silencing efficiency of miR-590-3p mimics and inhi-
bitors in PC cells were confirmed by qRT-PCR (Figure 2A 
and B). We did the same transfection in AsPC-1 with miR- 

590-3p mimics and inhibitors following Capan-2 and 
AsPC-1 cells. However, the transfection efficiency was 
so poor that we did not see the high and low mRNA 
expression of miR-590-3p in mimics and inhibitors groups, 
respectively when compared with other cell lines as 
Supplemental Figure S2. CCK-8 assay was used to detect 
cell proliferation in PC cells transfected with miR-590-3p 
mimics and NC after 48 h. In Figure 2C, cell viability in 
miR-590-3p inhibitor group was significantly decreased in 
contrast with NC group in Capan-2 cells. BxPC-3 cells 
showed the same result in Figure 2E. However, cell via-
bility in miR-590-3p overexpression group was signifi-
cantly higher than that in NC group in PANC-1 cells. 
Colony formation experiment further verified the above 

Figure 3 (A-D) Colony formation in the two PC cells under the condition of miR-590-3p overexpression and downregulation. (E-H) Cell cycle profiles of two PC cells 
under the condition of miR-590-3p overexpression and downregulation. *P<0.05, **P<0.01.
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Figure 4 miR-590-3p promoted PC cell migration and invasion. (A) Capan-2 cell migration and invasion under the condition of miR-590-3p overexpression. *P<0.05, 
**P<0.01. (B) PANC-1 cell migration and invasion after transfected with the miR-590-3p mimics or NC. *P<0.05, **P<0.01. (C) Capan-2 cell migration and invasion under the 
condition of miR-590-3p downregulation. *P<0.05, **P<0.01. (D) PANC-1 cell migration and invasion under the condition of miR-590-3p downregulation. *P<0.05, **P<0.01. 
(E) BxPC-3 cell migration and invasion under the condition of miR-590-3p downregulation. *P<0.05, **P<0.01. Magnification for parts A-E is 20×.
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Figure 5 miR-590-3p directly targets the 3ʹ-UTR of p27 and PPP2R2A. (A–E) p27, PPP2R2A and other related protein expression was examined by a Western blot assay in 
PC cells. *P<0.05, **P<0.01. (F) Relative luciferase intensity in HEK-293T cells co-transfected with miR-590-3p or NC and p27 and PPP2R2A luciferase reporter plasmid. Data 
are showed as the ratio of firefly intensity to Renilla luciferase intensity. (G) ①-④ different expression intensities of p27 within low or high expression of miR-590-3p. ⑤-⑧ 

different expression intensities of PPP2R2A with low or high miR-590-3p expression.*P<0.05, **P<0.01, ***P<0.001. (H) miR-590-3p and its possible binding sites on the 3ʹ- 
UTR of p27 and PPP2R2A. WT, wild-type. MT, mutant type. (I) positive (+) and negative (–) expression of PPP2R2A was plotted against the time of overall survival. *P<0.05, 
**P<0.01.
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results. Figure 3A and B showed that cell colonies in miR- 
590-3p overexpression group was significantly more than 
NC group in Capan-2 and PANC-1 cells. Conversely, cell 
colonies in miR-590-3p inhibitor group were significantly 
less than the NC group in Capan-2 and PANC-1 cells. 
Flow cytometry was used to further examine the DNA 
profiles in two cell lines. The cell cycle distribution of 
miR-590-3p overexpression group significantly differed 
from the control group with lower G1 phase and higher 
S+G2 phase (Figure 3E and F), whereas the inhibition 
group had an opposite result compared with NC group 
(Figure 3G and H). These findings showed that miR-590- 
3p promoted PC cell proliferation by changing cell cycle 
proportions.

miR-590-3p Enhanced Migration and 
Invasion Abilities of PC Cells
Transwell assays were performed after miR-590-3p mimics, 
NC, inhibitors and inhibitor N.C were transfected into PC cells 
for 48 h. Figure 4A indicated that the cell counting of miR- 
590-3p mimics group is much higher than NC group in Capan- 
2 cells in both migration and invasion capacities. Figure 4B 
showed the same results in PANC-1 cells. However, the cell 
counting of miR-590-3p inhibitor group is much lower than 
NC group in Capan-2 cells in both migration and invasion 
capacities in Figure 4C. The same results was also showed in 
PANC-1 cells and BxPC-3 cells (Figure 4D and E). All the 
results above indicated that miR590-3p promoted the PC cell 
migration and invasion in vitro.

miR-590-3p Can Directly Target p27 and 
PPP2R2A in PC Cells and was Negatively 
Related to p27 and PPP2R2A in Clinical 
Tumor Samples
In regard to reveal the corresponding mechanism of hsa- 
miR-590-3p function in PC cells, we used the bioinfor-
matics tool TargetScan (http://www.targetscan.org) to 
identify the possible target genes of miR-590-3p. 
Finally, we found p27 and PPP2R2A mRNA were the 
possible direct targets of miR-590-3p. WB showed that 
miR-590-3p overexpression downregulated p27, 
PPP2R2A, p21 and ZO-1 expression in Capan-2 cells, 
but upregulated cyclin E2 and CDK2 
expressions (Figure 5A). The opposite results were 
found in the same cell lines transfected with inhibitors 

(Figure 5B), which was consistent with the data in 
PANC-1 cells (Figure 5C and D). Also, miR-590-3p 
underexpression upregulated p27, PPP2R2A, p21 and 
ZO-1 expression, but downregulated cyclin E2 and 
CDK2 expression in additional BxPC-3 cells (Figure 
5E). We reasoned potential binding sequences on 3ʹ 
untranslated regions (UTR) of p27 and PPP2R2A with 
miR-590-3p via TargetScan (Figure 5H). Then dual- 
luciferase reporter assay was used to detect relative 
luciferase intensity of HEK-293T cells co-transfected 
with miR-590-3p or NC and luciferase reporter plasmid 
of two target genes. Relative luciferase activity was 
declined 57.28% and 42.11% within wild type 3ʹ-UTR 
transcripts of p27 and PPP2R2A, respective compared to 
negative control group (P<0.0001). However, relative 
luciferase activity was rebounded 12.17% and 20.64% 
after binding site mutation (P<0.0001) (Figure 5F). 
Moreover, IHC showed that both p27 and PPP2R2A 
expression was negatively associated with miR-590-3p 
expression in 19 clinical PC specimens (Table 2) (Figure 
5G). In brief, 83.33% of p27 positive expressions had 
a low-level miR-590-3p expression, and vice versa. 
Similar correlations were also found between miR-590- 
3p and PPP2R2A. The P-value of OS between PC 
patients with positive PPP2R2A expression and negative 
PPP2R2A expression is borderline statistical signifi-
cance (P=0.087, Figure 5I) and the former one had 
a better overall survival. Expression level of PPP2R2A 
was negatively connected with tumor size (P=0.017, 
Table 3). In addition, correlation analysis indicated that 
miR-590-3p expression inverse relevant with p27 
(P=0.004, Table 2) and PPP2R2A expression (P=0.025, 
Table 2).

Table 2 Expression Association Between miR-590-3p and p27 
and PPP2R2A (n=19) in PC

Expression of miR-590-3p P-value

High Expression Low Expression

(n=13) (n=6)

p27

Positive 2 5 0.004
Negative 11 1

PPP2R2A
Positive 2 4 0.025

Negative 11 2
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Overexpression of p27 and PPP2R2A 
Reversed the Effect of miR-590-3p
To further confirm the role of p27 and PPP2R2A in mediat-
ing miR-590-3p, we performed rescue experiments. The 
p27 and PPP2R2A overexpression plasmids and their cor-
responding empty vectors were transfected into PANC-1 
cells, and the overexpression of p27 and PPP2R2A was 
confirmed by Western blotting (Figure 6A). In order to 
determine the effect of overexpression of p27 and 

PPP2R2A on the action of miR-590-3p, we co-transfected 
the overexpression plasmid of p27 and PPP2R2A with miR- 
590-3p mimics into PANC-1 cells. CCK-8 and colony for-
mation showed that overexpression of p27 and PPP2R2A 
significantly reduced the promoting effect of miR-590-3p 
on cell proliferation (Figure 6B and C). The overexpression 
of p27 and PPP2R2A also significantly reduced the promot-
ing effect of miR-590-3p on cell migration and invasion 
(Figure 6D and E).

Table 3 Clinicopathological Associations of PPP2R2A Expression in Primary PDAC

Clinicopathological Parameters No. of Patients PPP2R2A χ2 P-value

High Low

Cases 60 12 48

Age (years)

≤60 35 8 27 0.429 0.513

>60 25 4 21

Gender

Male 34 8 26 0.611 0.434
Female 26 4 22

Tumor location
Head 43 7 36 1.313 0.252

Body-tail 17 5 12

Tumor size (cm)

<2.5 18 7 11 5.734 0.017*

≥2.5 42 5 37

Differentiation
Well 19 3 16 0.308 0.579

Moderate and poor 41 9 32

T stage

T1+T2 55 11 44 0 1

T3+T4 5 1 4

Lymph nodes metastasis

N0 (negative) 48 10 38 0.104 0.747
N1 (positive) 12 2 10

UICC stage
I+IIA 45 10 35 0.556 0.456

IIB+III 15 2 13

Pretherapeutic CA19-9 level (U/mL)

<37 12 4 8 1.667 0.197

≥37 48 8 40

Postoperative liver metastasis

Negative 35 8 27 0.429 0.513
Positive 25 4 21

Note:*P<0.05, statistically significant.
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Based on our results above, we summarized the roles of miR- 
590-3p in PDAC (Figure 7). MiR-590-3p has several roles in PDAC: 
first of all, miR-590-3p decreases p27 expression to induce cell 
proliferation and invasion; second, miR-590-3p inhibits PPP2R2A 
expression to reduce p27 expression; in addition, miR-590-3p 
decrease ZO-1 expression to induce cell migration and invasion.

Discussion
Hsa-miR-590-3p, one of the human microRNA-590 
family, had been reported to be a crucial factor in several 

malignant tumors. However, the function of miR-590-3p in 
different tumors remained controversial. miR-590-3p over-
expression in gastric carcinoma (GC) was associated with 
tumor relapse in GC patients by direct regulating 
PPM1F.16 miR-590-3p motivated colon cancer cell growth 
and metastasis via Wnt/β-catenin signaling pathway and 
Hippo pathway6,17 and enhanced ovarian cancer prolifera-
tion and metastasis via targeting Cyclin G2, FOXA2 and 
FOXO3.18,19 However, miR-590-3p suppressed glioblas-
toma cell invasion, migration and EMT by targeting 

Figure 6 The overexpression of p27 and PPP2R2A reversed the promoting effect of miR-590-3p on the proliferation, migration and invasion ability of PANC-1. (A) WB 
confirmed the overexpression of p27 and PPP2R2A. (B) The proliferation capacity of PANC-1 cells co-transfected with p27, PPP2R2A and miR-590-3p mimics was 
significantly lower than that of PANC-1 cells co-transfected with pCMV and miR-590-3p mimics. (C) PANC-1 cells co-transfected with p27, PPP2R2A and miR-590-3p mimics 
and co-transfected with pCMV and miR-590-3p mimics were determined for colony formation. (D) PANC-1 cell migration experiment in which pCMV and miR-590-3p 
mimics were co-transfected with PANC-1 cells co-transfected with p27, PPP2R2A and miR-590-3p mimics. (E) PANC-1 cell invasion experiment in which pCMV and miR-590- 
3p mimics were co-transfected with PPP2R2A and miR-590-3p mimics, *P<0.05, .
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ZEB1 and ZEB2.8 To our knowledge, there was no sys-
tematic report involving its function in PC.

According to our study, miR-590-3p was overexpressed 
in PC tissues which was tightly associated with tumor size 
(P=0.042) and high preoperative CA19-9 level (P=0.046) of 
PC patients. In vitro, miR-590-3p overexpression promoted 
PC cell proliferation, invasion and migration. The negative 
relationship among miR-590-3p, p27, and PPP2R2A protein 
expression was verified by WB in vitro, which was also 
observed in PC samples. Furthermore, miR-590-3p directly 
downregulated p27 and PPP2R2A via the predicted binding 
sites. Other atypical binding sites existence and the indirect 
effect of hsa-miR-590-3p overexpression leading to target 
gene overall downregulation were two possible reasons to 
explain above results.20,21

As early as in 1999, it had been found that loss of p27 
expression was significantly associated with poor prog-
nosis of PC.12 p27 is also an independent prognostic 
marker of stage I–II pancreatic cancer.11 Upregulation or 
activation of p27 inhibited the activation of cyclin E/ 
CDK2 complex and inhibited G1/S in cancer cells, and 
cyclin E2 can interact with p27 to contribute to 
tumorigenesis.22 p27 had been reported to be regulated 
by miR221 and miR222 to influence the biological beha-
viors of PC cells,23,24 which means that p27 can be 
a typical target gene of miRNAs in malignant tumor 
cells. In current study, miR-590-3p promoted cell prolif-
eration of PC cells by pushing forward G1/S via p27- 
cyclin E/CDK2 axis, which was significantly reversed by 
the overexpression of p27 and PPP2R2A. Taken together, 
miR-590-3p mediating cell proliferation by regulating p27 
and PPP2R2A in vitro (Figure 6).

PPP2R2A and ZO-1 were downregulated by overex-
pression of miR-590-3p in this study (Figure 5A and C). 
PPP2R2A was a negative modulator in PC and can be the 
target gene of other miRNAs.25,26 Breast cancers harbor-
ing PPP2R2A deletions were associated with worse OS.27 

In patients with acute myeloid leukemia (AML), 
PPP2R2A had been shown to dephosphorylate AKT at 
Thr-308 rendering it inactive, which meant low expression 
of PPP2R2A related to a poorer prognosis in AML.28,29 

The negative modulator role of PPP2R2A had also been 
elaborated in HCC,30 ovarian cancer,31 colorectal cancer32 

and pancreatic cancer.24,25 In the current study, PPP2R2A 
positive expression was closely related to a better OS of 
PC patients. More clinical specimens will be added in our 
future study.

In conclusion, for the first time, miR-590-3p pro-
motes PC cell growth, invasion and migration by 
directly downregulating p27 and PPP2R2A which acts 
as an oncomiR and serves as a diagnostic and therapeu-
tic target in PC.
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