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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is a genetic disease and a leading cause of cancer-related
mortality. However, the molecular mechanism underlying PDAC progression remains unclear. In this study, we first
confirmed that ECM1 is significantly upregulated in PDAC tissues and that its high levels of expression are closely
associated with an advanced histologic grade and a poor prognosis using The Cancer Genome Atlas (TCGA) dataset
and the Gene Expression Omnibus (GEO) database. We then found that miR-23a-5p binds directly to the ECM1
3’-untranslated region (3'-UTR), thereby inhibiting ECM1 expression. Functional studies revealed that the induced
expression of ECM1 promoted oncogenic abilities and reversed the suppressive effects induced by miR-23a-5p.
Collectively, our findings indicate that ECM1 is a proto-oncogene and show that targeting the miR-23a-5p/ECM1 axis

may represent a promising therapeutic strategy for PDAC.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) has
received widespread attention among oncolo-
gists and researchers because of its highly
lethal nature. In the past few decades, though
the incidence of PDAC has increased, there
have been no significant developments toward
a cure for this disease [1, 2]. Pancreatic cancer
is the fourth leading cause of cancer-related
deaths and is expected to be the second deadli-
est malignancy by 2020 in the USA, paralleling
epidemiological trends worldwide [3-5]. For
patients with pancreatic cancer, surgery is con-
sidered the only curative treatment; however,
only up to 20% of patients are eligible for surgi-
cal intervention [6]. Early metastasis is a key
characteristic of pancreatic cancer, leading to
tumor recurrence even after complete resec-
tion and resulting in a 5-year survival rate of
less than 25% [7]. Promising therapeutic stra-
tegies and effective molecular targets are, th-

erefore, urgently needed to improve treatment
and increase the survival rate of patients with
PDAC.

miRNAs are a class of single-stranded RNAs
that are 19-25 nucleotides (nts) long, and they
were initially discovered in 1993 [8, 9]. Since
their discovery, a large number of miRNAs have
been identified in plant and animal species, and
more than 2042 mature miRNAs have been
recorded in humans [10]. As important post-
transcriptional regulators, miRNAs suppress
target mRNA translation by binding to the
3’-untranslated region (3’-UTR) of target mRNAs
[11]. Through this repressive effect on their tar-
get genes, miRNAs play important roles in mul-
tiple processes of cancer progression, including
tumor growth, invasion, angiogenesis, and im-
mune evasion [12, 13]. Previous studies have
demonstrated the clinical value of miRNAs in
disease classification and as drug efficacy pre-
dictors and non-invasive biomarkers, among
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other uses [14]. However, the oncological roles
of miRNAs in PDAC remain unclear and require
further investigation.

Extracellular matrix protein 1 (ECM1) is a solu-
ble protein that plays important roles in cell pro-
liferation, invasion, angiogenesis, and differen-
tiation [15]. ECM1 is overexpressed in malig-
nant epithelial tumors, especially in those that
preferentially undergo metastasis [16]. As
metastasis is a hallmark of pancreatic cancer
progression, ECM1 may also be an important
regulator in this malignant disease. ECM1 has
been reported to be aberrantly expressed and
play a complex role in multiple types of cancers
such as breast cancer, esophageal squamous
cell carcinoma, and hepatocellular carcinoma
(HCC) [17, 18]. Therefore, there is an urgent
need to investigate the expression patterns of
ECM1 in PDAC and the underlying functional
mechanisms.

In this study, we initially found that ECM1 was
aberrantly overexpressed in PDAC tissues and
closely correlated with the overall survival of
patients with PDAC. Functional investigations
indicated that ECM1 enhanced PDAC prolifera-
tion and invasion in vitro. Bioinformatics analy-
sis revealed that miR-23a-5p serves as an
upstream regulator of ECM1. Mechanistic in-
vestigations found that overexpression of ECM1
abrogated the tumor-suppressing effects of
miR-23a-5p. To the best of our knowledge, this
is the first study to explore the expression pat-
terns and oncological roles of miR-23a-5p and
ECM1 in pancreatic cancer.

Materials and methods
Cell culture

The human PDAC cell lines AsPC-1 and CFPAC-1
were purchased from Procell Biotech (Wuhan,
China). Dulbecco’s modified Eagle’'s medium
(DMEM) with 10% FBS (fetal bovine serum) was
used to culture cell lines in a humidified 5% CO,
atmosphere at 37°C.

Tissue specimens

In this study, 14 fresh-frozen PDAC tissue sam-
ples matched with adjacent non-cancerous tis-
sues were used for RNA extraction and RT-
gPCR, and another 107 formalin-fixed, paraffin-
embedded PDAC tissues and 13 formalin-fixed,
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paraffin-embedded normal pancreatic tissues
were selected to construct the tissue microar-
ray (TMA). The tissues were obtained from the
Institute of Hepatopancreatobiliary Surgery,
Southwest Hospital, Army Medical University in
Chongging, China. The ethics committee of
Southwest Hospital approved the use of the
clinical specimens.

GEO and TCGA data collection and analysis

We searched the GEO database to identify
genes exhibiting altered expression patterns
between PDAC and adjacent non-cancerous tis-
sues. In the GSE28735 dataset, in which the
gene-expression profiles of 45 matched pairs of
PDAC and adjacent non-tumor tissues from 45
patients with pancreatic ductal adenocarcino-
ma were examined using microarray analysis,
we found that ECM1 was aberrantly upregulat-
ed. The TCGA database contains the ECM1
expression profiles for 176 PDAC cases, includ-
ing detailed clinical information. We download-
ed the above data for further analysis.

RNA extraction

TRIzol™ reagent (Invitrogen, Carlsbad, CA, USA)
was used for RNA extraction according to the
manufacturer’s instructions; 1 ml of TRIzol™
was used per 30 mg of PDAC tissue or 10° PDAC
cells. After extraction, RNA concentration was
measured, and samples were stored at -80°C
to prevent degradation.

Quantitative reverse transcription PCR (RT-
gPCR)

Total RNA from tissues was used to assess miR-
23a-5p and ECM1 expression levels. For ECM1,
RT-gPCR analysis was performed using a
PrimeScript RT reagent kit (Takara Bio-
technology Co., Ltd., Dalian, China) and SYBR®
Premix Ex Tag™ Il (Takara). B-actin was used as
an endogenous control. For miR-23a-5p, a Mir-
X™ miRNA First-Strand Synthesis Kit (Takara)
and SYBR® Premix Ex Taq™ Il (Takara) were
used for RT-gPCR. RNU6G-2 was used as an
endogenous control. We used the 22T meth-
od to calculate the relative expression levels
of miR-23a-5p and ECM1. RiboBio Co.
(Guangzhou, China) designed the Bulge-Loop™
miRNA RT-gPCR Primer Sets specific for miR-
23a-5p. Sangon Biotech Co, Ltd (Shanghai,
China) designed the ECM1 primer set, which
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had the following sequences: 5’-GGACAGAGTC-
AAGTGCAGCC-3’ (forward) and 5’-GTTCATTGGG-
GTGCTGGA GA-3’ (reverse).

Cell transfection

miR-23a-5p mimics and NCs (negative controls)
were purchased from RiboBio. ECM1-over-
expressing plasmids and NC plasmids were
purchased from GeneChem Co., Ltd. (Shanghai,
China). When cells were cultured to 60-70%
confluence, transfection was performed accor-
ding to the Lipofectamine™ 3000 reagent pro-
tocol (Invitrogen).

Western blot assay

Western blot assays were performed as previ-
ously described [19]. Antibodies included those
targeting E-cadherin (1:1000; Cell Signaling
Technology, USA), Vimentin (1:1,000; Protein-
tech, USA), Cyclin D1 (1:12000; Cell Signaling
Technology, USA), CDK4 (1:1000; Cell Signaling
Technology, USA), ECM1 (1:500; Proteintech,
USA) and B-actin (1:5,000; Proteintech, USA).
Horseradishperoxidase-conjugated antibody
was used as the secondary antibody (anti-
mouse 1:5,000; Cell Signaling Technology, anti-
rabbit; 1:5,000; Proteintech).

Transwell® assay

The invasion assay was performed using
Matrigel™ Invasion Chambers (MilliporeSigma,
Burlington, MA, USA) according to the manufac-
turer’s instructions. After transfection for 24 h,
30,000 cells per well suspended in serum-free
DMEM were seeded onto the upper chambers
(inserts contained membranes with an 8 um
pore size), and DMEM with 10% FBS was added
to the lower chambers. After 48 h, the cells that
had migrated through to the bottom of the
insert membrane were fixed with 4% parafor-
maldehyde and then stained with crystal violet.

Clone formation

After transfection, 500 cells were seeded in a
six-well pate. After culturing for 2 weeks, the
cells were fixed with 4% paraformaldehyde and
then stained with crystal violet.

Luciferase reporter assay

The wild-type or mutant 3’-UTR sequences of
ECM1 were inserted into the SI-Check2 vector
downstream of the SV40 promoter, respective-
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ly. Mutations were generated in the binding
sites. Then, 0.16 ug plasmid containing ECM1-
3’-UTR/ECM1-3’-UTR mutant or 5 pmol hsa-
miR-23a-5p/NCs (negative controls) was trans-
fected into 293T cells. After 48 h, firefly lucifer-
ase (internal reference) and Renilla luciferase
were measured using the Promega Dual-
Luciferase system according to the manufac-
turer’s protocol.

Cell cycle

For the cell cycle analysis, no fewer than 10°
transfected cells were collected and fixed in
70% ethanol overnight at 4°C and stained with
propidium iodide (Kaiji, Nanjing, China) in phos-
phate-buffered saline solution containing RN-
ase. The fixed cells were analyzed using flow
cytometry (Beckman FC500, Los Angeles, CA,
USA).

Tissue microarray (TMA) and immunohisto-
chemistry

A total of 107 PDAC tissues and 13 normal pan-
creatic tissues were selected to construct the
TMA. Immunohistochemistry was performed
following the manufacturer’s instructions (Mai-
xin, Fuzhou, China). Briefly, after antigen retriev-
al, TMA slides were incubated with ECM1 pri-
mary antibodies at 4°C overnight. Then, they
were incubated with secondary antibodies and
further incubated with the streptavidin-biotin
complex (Maixin, Fuzhou, China). ECM1-positive
cells were defined as those with immunoreac-
tivity in both the cytoplasm and the nucleus.
The staining intensity was scored as negative
staining (score = 0), weak staining (score = 1),
moderate staining (score = 2), or strong stain-
ing (score = 3). The staining extent was based
on the percentage of positive cells (0, 0%; 1, <
10%; 2, 10-50%; 3, > 50%). Immunoreactivity
was quantified by multiplying the staining extent
score by the intensity score [20]. For statistical
analyses, the tumor sample cohort was grouped
into those with low expression (< 5) and high
expression (= 5).

Statistical analysis

Statistical analysis was performed using
GraphPad Prism 7 software. Quantitative data
are presented as the mean + standard devia-
tion (SD). A paired two tailed t-test or unpaired
t-test was used for the quantitative data as
appropriate. Kaplan-Meier analysis with a log-
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Figure 1. ECM1 is overexpressed in PDAC and ECM1 overexpression is
associated with poorer overall survival of PDAC patients. A. GEO dataset
(GSE28735) analyses revealed relative ECM1 expression in 45 matched
PDAC tissues and adjacent non-tumor tissues by microarray analysis. Paired
Student’s t-test was applied, the data are represented as the mean + SD.
**% P <0.001. B. The cluster heat map showed the aberrantly upregulated
genes in PDAC tissues with P < 0.05. Red color indicates high expression
level and green color indicates low expression level. C. Relative expression
of ECM1 was detected by RT-gPCR in 14 matched PDAC tissues and adja-
cent non-tumor tissues. B-actin was used as an endogenous control. Paired
Student’s t-test was applied, the data are represented as the mean + SD. *,
P < 0.05. D. Kaplan-Meier analysis revealed that high ECM1 expression was
associated with reduced overall survival time of PDAC patients. The clinical
data of 176 PDAC patients was downloaded from the TCGA database. E.
IHC staining confirmed that ECM1 was upregulated in pancreatic tissues
compared with normal pancreatic tissues. Unpaired Student’s t-test was ap-
plied, the data are represented as the mean + SD. ***, P < 0.001. F. The
overall survival of PDAC patients was evaluated using Kaplan-Meier analysis
according to high and low ECM1 expression. The log-rank test was applied,
**4+p < 0.001.
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rank test was applied for sur-
vival analysis. Chi-square test
were used for categorical vari-
ables. Differences were con-
sidered to be statistically sig-
nificant when P < 0.05 (*P <
0.05; **P < 0.01; ***P <
0.001).

Results

Clinical significance of ECM1
expression in PDAC

In order to identify potential
oncogenes in PDAC, we sea-
rched the Gene Expression
Omnibus (GEO) database for
aberrantly upregulated genes.
Based on the analysis results
of the mRNA expression of 45
pairs of PDAC tissue samples
and corresponding non-tumor
tissues provided in the GSE-
28735 dataset, we found that
ECM1 was significantly upreg-
ulated in pancreatic cancer
tissues (Figure 1A). The gener-
ated cluster heat map graphi-
cally illustrated that ECM1
was highly clustered in PDAC
tissues (Figure 1B). We further
explored ECM1 expression in
14 matched PDAC tissues
using RT-gPCR. In accordance
with the GEO results, elevated
ECM1 expression was obser-
ved in PDAC tissues compared
with that in the matched non-
tumorous tissues (Figure 1C).
Subsequently, ECM1 expres-
sion in PDAC was divided into
two groups-a high group (n =
88) and low group (n = 88)-
based on data derived from
The Cancer Genome Atlas
(TCGA). Kaplan-Meier survival
curve analysis revealed that
patients with high ECM1 ex-
pression had a lower survival
rate than those with low ECM1
expression (Figure 1D). To fur-
ther explore the clinical signifi-
cance of ECM1 expression in
PDAC, a tissue microarray con-
taining 107 PDAC tissues and
13 normal pancreatic tissues
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Table 1. Association of ECM1 expression and histo-

logic grade in PDAC

status in two pancreatic cell lines (AsPC-1,
CFPAC-1) by transfecting them with ECM1-

High group Low group
(n =50) (n=57)

expressing plasmids. An empty vector (EV)
was also transfected as a negative control.

Age P=0.570
<60 10 (20.0%) 9 (15.8%)
> 60 40 (80.0%) 48 (84.2%)
Gender P=0.329
Female 19 (38.0%) 27 (47.4%)
Male 31 (62.0%) 30 (52.6%)
Tumor size (cm)
0-2 4 (8.0%) 27 (47.4%)
>2,<5 31 (62.0%) 25 (43.9%)
>5 15 (30.0%) 5 (8.8%)
Differentiation
Grade 1 12 (24.0%) 14 (25.0%)
Grade 2 37 (74.0%) 40 (71.4%)
Grade 3 1 (2.0%) 2 (3.6%)
Pathologic tumor status
T1-T2 33 (66.0%) 47 (82.5%)
T3-T4 17 (34.0%) 10 (17.5%)
Clinical stage

-1 32 (64.0%) 48 (84.2%)
-V 18 (36.0%) 9 (15.8%)

P <0.001

P=10.876

P=0.016

P=0.002

First, the CCK-8 assay results showed that
overexpression of ECM1 promoted cancer
cell proliferation (Figure 2A). Second, the
clone formation assay results indicated
that overexpression of ECM1 enhanced clo-
ne formation in PDAC cells (Figure 2B).
Third, flow cytometry analysis revealed that
overexpression of ECM1 led to accelerated
cell cycle progression (Figure 2C). Fi-
nally, the Transwell® assay results indicat-
ed that overexpression of ECM1 induced
an increase in cell invasion ability (Figure
2D). Moreover, ectopic ECM1 expression
significantly increased the protein levels of
cell cycle regulatory proteins (CDK6 and
Cyclin D1) and a mesenchymal marker
(Vimentin) and decreased the protein lev-
els of an epithelial marker (E-cadherin)
(Figure 2E). The whole membranes image
was showed in Figure S1. Taken together,
these results indicate that ECM1 may exert
carcinogenic effects by promoting cancer

Chi-squre test was used to test the association between two cat-

egorical variables. P < 0.05 was considered significant.

was examined by immunohistochemistry (IHC).
ECM1 was significantly upregulated in PDAC tis-
sues but seldom detected in normal pancreatic
tissues (Figure 1E). Therefore, ECM1 expres-
sion in PDAC was divided into two groups: a
high group (=5, n = 50) and low group (< 5, n =
57). Kaplan-Meier survival analysis revealed
that patients with high ECM1 expression had a
shorter overall survival time than those with low
ECM1 expression (log-rank test, P < 0.001,
Figure 1F). Further analysis revealed that high
ECM1 expression was signifcantly associated
with tumor size (P < 0.001), pathologic features
(P = 0.016), and advanced clinical stage (P =
0.001) (Table 1).

In summary, these results indicate that ECM1
is upregulated in PDAC tissues and that its high
expression is closely related to PDAC progres-
sion and prognosis.

Ectopic overexpression of ECM1 promotes cell
proliferation, cell cycle progression, and inva-
sion ability

Because ECM1 is overexpressed in pancreatic
cancer tissues, we produced its overexpression
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cell proliferation and invasion and acceler-
ating cell cycle progression in vitro.

ECM1 is negatively regulated by miR-23a-5p

It is well established that miRNAs play impor-
tant roles in cancer progression by inhibiting
their target genes. In this study, the miRNAs th-
at interacted with ECM1 were examined. Using
TargetScan (http://www.targetscan.org/), miR-
23a-5p was selected as a candidate upstream
miRNA of ECM1, its potential binding site is pre-
sented in Figure 3A. Western blot analysis fur-
ther revealed that upregulated miR-23a-5p
expression suppressed ECM1 expression (Fi-
gure 3B). The whole membranes image was
showed in Figure S2. Next, a dual-luciferase
reporter system was used to determine wheth-
er ECM1 was the direct binding target of miR-
23a-5p. miR-23a-5p mimics, NCs, and plas-
mids containing the wild-type 3’-UTR and
mutant 3’-UTR were each constructed, and the
characteristics of these vectors are presented
in Figure 3C. The results indicated that cotrans-
fection of miR-23a-5p mimics and wild-type
plasmids significantly decreased luciferase
activity compared to that with the transfection
of mutant plasmids (Figure 3D). These results

Am J Transl Res 2019;11(5):2983-2994
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Figure 2. ECM1 overexpression promotes cell proliferation and invasion and accelerated cell cycle in vitro. ECM1
Overexpression vector (OV) was transfected to upregulate ECM1 and empty vector (EV) was transfected as Nega-
tive control. A. The effect of ECM1 on pancreatic cancer cell growth was evaluated via CCK-8 assay. B. The effect
of ECM1 on colony formation ability of pancreatic cancer cells was evaluated. C. The effect of ECM1 on cell cycle
was evaluated via flow cytometric analysis. D. The effect of ECM1 on pancreatic cancer cell invasion ability was
measured via Transwell® assay. Data are presented as mean * SD of three independent experiments; statistical
significance was analyzed by unpaired t-test. *, P < 0.05, **, P < 0.01, ***, P < 0.001. E. Western blot analysis was
used to analyze the protein level of E-cadhein, Vimentin, ECM1, Cyclin D1 and CDK4.
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Figure 3. ECM1 is directly targeted and negatively regulated by miR-23a-5p. A. TargetScan identified the potential
binding site between miR-23a-5p and the 3’-UTR of ECM1. B. Western blot analysis revealed that overexpression of
miR-23a-5p by mimics inhibited ECM1 expression. C. For the dual-luciferase reporter assay, mutations were gener-
ated in the ECM1 3’-UTR sequence at the complementary sites for the seed regions in miR-23a-5p. D. Dual-lucifer-
ase reporter assay revealed that miR-23a-5p reduced the luciferase activity of the wild type ECM1 3’-UTR compared
to the mutant type. The data are represented as the mean + SD of three independent experiments. Student’s t-test
was used. *** P < (0.001.

suggest that miR-23a-5p may suppress ECM1 Gene Ontology (GO) annotation was used to
expression by binding directly to its 3’-UTR. analyze the putative target genes of miR-23a-
5p. The top ten GO terms for biological process-
miR-23a-5p is downregulated in pancreatic es (BP) and significantly enriched pathways are
cancer tissues and associated with a poor shown in Figure 4C and 4D, respectively.
prognosis
In summary, miR-23a-5p may have profound
To clarify the expression level and significance influence on the progression of pancreatic can-
of miR-23a-5p in pancreatic cancer, we first cer, and low miR-23a-5p expression levels may
extracted RNA from 14 paired pancreatic can- serve as a predictor of poor prognosis.
cer and adjacent non-cancer tissues. RT-gPCR
results revealed that miR-23a-5p was signifi- Overexpression of ECM1 abrogates the anti-
cantly downregulated in pancreatic tissues cancer effect of miR-23a-5p in vitro
(Figure 4A). Kaplan-Meier survival analysis 65
PDAC patients showed that patients with lower After clarifying the functional role of ECM1, we
miR-23a-5p expression levels had significantly then determined whether miR-23a-5p exerts its
reduced overall survival rates (Figure 4B). To antitumor effects by targeting ECM1. We con-
fully understand its oncological mechanism, structed an ECM1 overexpression vector (OV)
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Figure 4. MiR-23a-5p is downregulated in PDAC tissues and closely associated with poorer overall survival of PDAC patients. A. The expression of miR-23a-5p was
detected in 14 paired PDAC and adjacent noncancerous tissues. Data are presented as mean + SD. Paired t-test was applied. **, P < 0.01. B. Kaplan-Meier analysis
showed that PDAC patients with low miR-23a-5p expression had lower overall survival rate. Log-rank test was applied, P = 0.0203. C. Biological process classifica-
tion of target genes by GO annotation. D. Significantly enriched pathways of target genes.
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Figure 5. Overexpression of miR-23a-5p abrogated ECM1 carcinogenic effects in vitro. In this section, miR-23a-
5p mimics and ECM1 overexpression vector (mimics + OV) were transfected to investigate the rescue potential of
ECM1. Cells transfected with ECM1 mimics NC and empty vector (NC + EV) were used as negative control. A. CCK-8
assay was applied to investigate proliferation ability; B. Colony formation assay was applied to investigate colony
formation ability; C. Flow cytometric analysis was used to detect changes in cell cycle; D. Transwell® assay was ap-
plied to investigate invasion ability. All experiments were performed in triplicate in two pancreatic cancer cell lines,
AsPC-1 and CFPAC-1. E. Western blot analysis was used to analyze the protein levels of E-cadhein, Vimentin, ECM1,
Cyclin D1 and CDKA4. Data are presented as mean + SD of three independent experiments. Statistical significance
was assessed by unpaired t-test. *, P < 0.05, **, P < 0.01, ***, P < 0.001.

roles in PDAC progression. The

I ] graphical abstract was shown
miR-23a-5p in Figure 6.
TTTTTTTTT Ago
TTTITTITIT] Discussion
miR RISCl Based on the associated re-
search, it is widely recognized
that pancreatic cancer is a
A genetic disease [21]. Many
l'ﬂTITgI?rm gene alterations have been

shown to be responsible for
PDAC initiation and evolution.
In recent years, the indisput-
Translation inhibitionl able oncogenic roles of ECM1
have attracted the attention of
many researchers. For exam-

Ago ) ple, recent studies reported

—_—  —amew that overexpression of ECM1
ECM1 3' UTR promotes the metastasis of

l breast cancer, colon cancer,

hepatocellular carcinoma, and

Pancreatic cancer cell proliferation and invasion laryngeal carcinoma [17, 22-

24]. Research conducted by
Figure 6. Proposed model for miR-142-3p inhibiting ECM1 expression in Lee KM et al. demonstrated

PDAC. that ECM1 regulates not only
cell migration and invasion but

without the 3’-UTR, and cells were transfected also sphere-forming ability, drug resistance,
with miR-23a-5p mimics. Then, we re-intro- progression of the epithelial to mesenchymal
duced ECM1 expression in miR-23a-5p-ex- transition (EMT), and cancer stem cell (CSC)
pressing cells to investigate the antagonizing maintenance [25]. Other studies reported that
effect of miR-23a-5p. Re-introduction of ECM1- ECM1 is negatively regulated by miR-486-3p at
OV and miR-23a-5p abrogated the effects of the post-transcriptional level, thereby inhibiting
reduced cell proliferation (Figure 5A), colony its oncogenic function [26]. ECM1 has also
formation ability (Figure 5B), cell cycle arrest been found to regulate glial cell line-derived
(Figure 5C), and invasion ability (Figure 5D) neurotrophic factor (GDNF)-mediated invasion
induced by miR-23a-5p. In addition, enforced and metastasis in pancreatic cancer cells [27].
ECM1 overexpression reversed the impaired Nevertheless, its expression patterns and bio-
expression of ECM1, E-cadherin, CDK4, and logical roles in PDAC remain unclear and hence
Cyclin D1 and the enhanced expression of require further investigation. In our study, we
Vimentin, which were induced by miR-23a-5p found that ECM1 was upregulated in pancreatic
(Figure BE). The whole membranes image was cancer tissues compared with the levels in
showed in Figure S3. matched noncancerous tissues. Subsequent
clinical analyses revealed that overexpression

Taken together, these results demonstrate that of ECM1 was closely associated with advanced
the miR-23a-5p/ECM1 axis plays important histologic grade and a poor prognosis in
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patients with PDAC. Biological assays further
demonstrated that the induced expression of
ECM1 promoted cell proliferation, cell cycle pro-
gression, and invasion ability.

The dysregulation of miRNAs has been shown
to play essential roles in the development and
progression of cancers, including pancreatic
cancer, by impacting the ability of miRNAs to
regulate their target genes involved in cellular
processes such as inflammation, cell cycle reg-
ulation, stress response, differentiation, apop-
tosis, and invasion [28, 29]. Previous studies
demonstrated that overexpression of microR-
NA-21 in pancreatic cancer significantly pro-
moted cell proliferation, invasion, and chemore-
sistance of pancreatic cancer cells [30]. To
date, several studies have investigated the ef-
fect of miR-23a-5p in cancers. Recent studies
have shown that miR-23a-5p was upregulated
in renal cell carcinoma (RCC) tissues, promot-
ing the proliferation and invasion of RCC cells
[31]. MiR-23a-5p is also involved in the an-
drographolide-induced inhibition of hepatoma
tumor growth [32]. However, its role in pancre-
atic cancer has not been thoroughly studied.
The results of our bioinformatics analysis sh-
owed that miR-23a-5p is an upstream miRNA
of ECM1. We further found that miR-23a-5p
was downregulated in pancreatic cancer tis-
sues. Clinical analysis revealed that patients
with low miR-23a-5p expression levels showed
poor 5-year survival rates. Furthermore, we
demonstrated that miR-23a-5p directly target-
ed the 3’-UTR of ECM1 and upregulated miR-
23a-5p-suppressed ECM1 expression at the
post-transcriptional level. Moreover, further
functional studies confirmed that the induced
expression of ECM1 abrogated the antitumor
effect exerted by miR-23a-5p.

To the best of our knowledge, the present study
is the first to illustrate the expression patterns
and clinical significance of miR-23a-5p and
ECM1 in patients with PDAC. Our results pro-
vide strong evidence that the absence of miR-
23a-5p contributes to the aberrant overexpres-
sion of ECM1 to a certain degree. In conclusion,
ECM1 and miR-23a-5p may serve as potential
prognostic biomarkers as well as effective tar-
gets for PDAC therapy. Specifically, understand-
ing the role of miR-23a-5p might aid in the
development of a promising therapeutic strate-
gy for PDAC via the suppression of ECM1
expression.
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Figure S3. The whole membranes of relevant western blots in Figure 5.



