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Abstract. - OBJECTIVE: Pancreatic ductal ad-
enocarcinoma (PDAC) is one of the most lethal
types of cancer. Various microRNAs have been
identified to play an important role in PDAC. The
study aimed to explore the role of miR-429 in
PDAC.

PATIENTS AND METHODS: The expression
and prognostic value of miR-429 were first an-
alyzed using The Cancer Genome Atlas (TCGA)
and Gene Expression Omnibus (GEO) databas-
es. Next, miR-429 expression was evaluated in
the tissues and serum of 90 patients with PDAC.
CCKS8, SRB, wound healing and transwell assays
were used to determine the effect of miR-429 on
the proliferation, invasion, and migration of PDAC
cells, respectively. Weighted gene co-expression
network analysis (WGCNA), correlation analysis,
TargetScan, and miRDB databases were used to
screen and identify the target genes of miR-429.

RESULTS: The results revealed that the ex-
pression of miR-429 was downregulated in PDAC
tissues and the serum compared with those in
normal tissues and the serum of healthy volun-
teers, respectively. The decreased expression
of miR-429 was significantly associated with
shorter overall survival. The overexpression of
miR-429 significantly inhibited the proliferation,
invasion, and migration of PDAC cells. Potential
target genes of miR-429 were identified using
WGCNA and bioinformatics analysis, and the re-
sults showed that cadherin 11 (CDH11), inositol
polyphosphate-4-phosphatase type | (INPP4A),
laminin gamma 1 (LAMC1), low density lipopro-
tein receptor-related protein 1 (LRP1), and quak-
ing (QKI) were potential target genes of miR-429
in PDAC. Lower expression of CDH11 and QKI
was associated with a more favorable progno-
sis in patients with PDAC. The overexpression of
miR-429 could inhibit the expression of CDH11
and QKI. A nomogram model, involving miR-
429, CDH11, and QKI, was subsequently con-
structed to determine their ability to accurately
predict overall and disease-free survival in pa-
tients with PDAC.

CONCLUSIONS: Taken together, miR-429 is
involved in the development and progress of
PDAC. MiR-429 could be recommended as a
prognostic biomarker and therapeutic indicator
in PDAC diagnosis.
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Weighted gene co-expression network analysis; OS: over-
all survival; DFS: disease-free survival; CDH11: cadher-
in 11; INPP4A: inositol polyphosphate-4-phosphatase
type I, LAMCI: laminin gamma 1; LRP1: low density
lipoprotein receptor-related protein 1; QKI: Quaking;
GC: gastric cancer; BC: breast cancer; EC: esophageal
cancer; GBM: glioblastoma; EmCa: endometrial cancer;
LC: lung cancer; BP: biological processes; CC: cellu-
lar components; MF: molecular function enrichment;
DEGs: differentially expressed genes; TCGA: The Can-
cer Genome Atlas; GEO: Gene Expression Omnibus;
RPMI-1640: Roswell Park Memorial Institute Medium;
KEGG: Kyoto Encyclopedia of Genes and Genomes;
CCK-8: Cell Counting Kit-8; SRB: Sulforhodamine B.

Introduction

Pancreatic cancer (PC) is one of the common
types of malignant tumor of the digestive tract.
The clinical symptoms of pancreatic cancer are
insidious and atypical. Thus, the disease is diffi-
cult to diagnose and treat. In total, about 90% of
pancreatic cancer cases are the pancreatic ductal
adenocarcinoma (PDAC) subtype, and its mor-
bidity and mortality have continued to signifi-
cantly increase in recent years'”. In addition, as
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the pancreas is located behind the peritoneum and
the early symptoms of PDAC are not evident, it is
very difficult to diagnose PDAC early. Thus, the
majority of patients with PDAC have reached the
locally advanced stage at the time of diagnosis, or
their tumors are unresectable or have undergone
distant metastases. Unfortunately, this means that
a large percentage of patients with PDAC are di-
agnosed at the advanced stage of the disease, and
the median survival time for these patients is only
6-12 months*®.

MicroRNAs (miRNAs/miRs) play an import-
ant role in the regulation of gene expression and
the progression of numerous types of tumors™.
Under pathological conditions, the development
of different types of cancer has been discovered to
be accompanied by the aberrant expression of spe-
cific miRNAs. Previous studies!®!* have reported
that miR-429 functioned as either a pro-oncogen-
ic factor or tumor suppressor in different types
of tumors. For example, miR-429 was found to
act as a tumor suppressor in gastric cancer (GC)'°,
breast cancer (BC)", esophageal cancer?, and
PDAC". However, other studies'*"> have demon-
strated that miR-429 exerted tumor-promoting
effects in endometrial cancer (EmCa)"* and lung
cancer (LC)®.

The present study aimed to determine the ex-
pression of miR-429 in patients with PDAC. The
expression and prognostic value of miR-429 were
determined using data from The Cancer Genome
Atlas (TCGA) database and tissue samples from
90 patients with PDAC. In addition, the poten-
tial of miR-429 to act as a serum biomarker for
PDAC screening was assessed. The effect of miR-
429 on the proliferation, invasion, and migration
of PDAC cells was also analyzed. Furthermore,
weighted gene co-expression network analysis
(WGCNA) and correlation analysis were used to
screen the target genes of miR-429 and explore
the possible regulatory mechanisms of miR-429
in PDAC.

Patients and Methods

Clinical Samples

The current study included 90 patients with
PDAC who were confirmed by pathology and
were admitted to the Department of Hepatobili-
ary Surgery, Fujian Provincial Hospital (Fuzhou,
China) between June 1, 2015 and August 30, 2019.
The adjacent non-tumor (I cm from the cancer
tissue boundary) and tumor samples were collect-

ed during surgery. Serum samples from patients
with PDAC and healthy volunteers were also col-
lected from Fujian Provincial Hospital. A total of
15 healthy volunteers who undertook a routine
physical examination were included as healthy
volunteers. The following inclusion criteria were
used: (1) patients aged 18-80 years; (2) an East-
ern Cooperative Oncology Group performance
status score of 0-1'%; (3) patients who had under-
gone surgical resection as the primary treatment;
(4) patients with PDAC who were confirmed his-
tologically or cytologically. The following exclu-
sion criteria were used: (1) patients who had re-
ceived prior chemotherapy or immunotherapy; (2)
patients with concurrent malignancies other than
PDAC; (3) patients with serious, unmanageable
medical conditions; (4) patients with psychiatric
disorders that would limit their ability to meet the
study requirements.

Human Ethics Approval and
Informed Consent

The study was approved by the Ethics Commit-
tee of Fujian Provincial Hospital, Fujian Medical
University (approval No. K2014-11-029) and was
conducted by the principles of the Declaration of
Helsinki. All the PDAC patients and healthy vol-
unteers signed an informed consent document.

Bioinformatics Analysis

The expression of miR-429 and other clinical
variables were extracted from The Cancer Ge-
nome Atlas (TCGA) (http://www.cbioportal.org/
data_setsjsp) and Gene Expression Omnibus
(GEO) databases (http:/www.ncbi.nlm.nih.gov/
geo/). The following datasets containing data on
patients with PDAC were collected from the GEO
database: GSE41369", GSE71533"%, GSE60979",
GSE71989%, GSE91035*, and GSE24279%. The
probe ID was converted into a gene symbol first.
When a gene was mapped to different probes, the
genic expression value was calculated by the aver-
age expression value. The GSE41369, GSE71533,
and GSE24279 datasets were used to obtain the
expression levels of miR-429. The GSE60979,
GSE71989, and GSE91035 datasets were used to
detect the expression of potential target genes of
miR-429.

TargetScan (http:/www.Targetscan.org)* and
miRDB (http:/mirdb.org) databases were used
to predict potential target genes of miR-429.
Gene accession numbers of potential target
genes of miR-429 are listed in the Supplementa-
ry Table I. The Gene Expression Profiling Inter-
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active Analysis (GEPIA) database (http:/gepia.
cancer-pku.cn/index.html) was used to deter-
mine the expression of genes in PDAC*. Gene
Ontology (GO) biological processes (BP), GO
cellular components and GO molecular func-
tion, and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGQG) signaling pathway enrichment
analyses were performed through the Database
for Annotation, Visualization and Integrated
Discovery (DAVID; https:/david.ncifcrf.gov)®.
A nomogram was plotted using Hiplot (https:/
hiplot.com.cn).

Cell Lines and Culture

Bxpc-3 cells (a human pancreatic cancer cell
line) were purchased from the American Type
Culture Collection. The cells were cultured in
Roswell Park Memorial Institute Medium (RPMI-
1640) medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% FBS (Gibco, Waltham,
MA, USA), and maintained in a humidified atmo-
sphere at 37°C with 5% CO,,.

Reverse Transcription-Quantitative PCR
(RT-gPCR)

Mirna was extracted using RNAiso for Small
RNA reagent (Takara, Dalian, China), and reverse
transcribed into cDNA using a Mir-X™ miRNA
First-Strand Synthesis kit (Takara, Dalian, Chi-
na). qPCR was subsequently performed to detect
gene expression using an SYBR Green Master
Mix (Takara, Dalian, China.) on a LightCycler®
480 instrument (Roche Diagnostics, Mannheim,
Germany). The following thermocycling condi-
tions were used for qPCR: Initial denaturation at
95°C for 5 sec, followed by 40 cycles of 95°C for 5
sec and 60°C for 30 sec; and dissociation at 95°C
for 60 sec, 55°C for 1 min and 95°C for 30 sec.
The primer sequences were showed as follows:
MiR-429 sense primer 5-TAATACTGTCTGG-
TAAAACCGT-3’ and U6 sense primer 5’-CTC-
GCTTCGGCAGCACA-3’. The miRNA universal
antisense primer used for gPCR was included in
the Mir-X miRNA First-Strand Synthesis kit. U6
was used as the loading control.

Cell Transfection

To overexpress or silence miR-429, Bxpc-
3 cells were transfected with a miR-429 mimic
(5>-UAAUACUGUCUGGUAAAACCGU-3’) or
miR-429 inhibitor (5~ACGGUUUUACCAGA-
CAGUAUUA-3’), respectively, or a miRNA-neg-
ative control (NC) (5-UGAAUUAGAUGGC-
GAUGUUUU-3’) (GenePharma, Shanghai, China)
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using Lipofectamine® 2000 reagent (Invitrogen,
Carlsbad, CA, USA). Briefly, 50 nM miR-429
mimic, miR-429 inhibitor, or miRNA-NC were
added to the diluted Lipofectamine 2000 reagent
for 20 min, which was subsequently used to
transfect Bxpc-3 cells at ~70% confluence. The
cells were cultured at 37°C for 6 h, after which
the medium was replaced, and the cells were cul-
tured at 37°C for a further 24 h.

Cell Proliferation Assays

The transfected Bxpc-3 cells were seeded at
a density of 5x10° cells/well and cultured for 24,
48, or 72 h. Cell proliferation was subsequently
detected using Sulforhodamine B (SRB) and Cell
Counting Kit-8 (CCK-8) assays?.

For the SRB assay, the cells were fixed with
3.3% trichloroacetic acid for 1h. After removing
the fixative solution, the cells were incubated with
100 ul SRB (Sigma-Aldrich, Shanghai, China) for
10 min. The cells were then rinsed four times
with 1% acetic acid and dried. Stained cells were
subsequently dissolved in 100 pl Tris (10 mM) for
10min under gentle agitation and the absorbance
was measured at a wavelength of 490nm using a
microplate reader.

A CCK-8 assay was used to determine cell
proliferation. Briefly, 24, 48, or 72 h post-trans-
fection, 10 pul CCK-8 reagent (Transgen, Beijing,
China) was added to the plates and incubated at
37°C for 1 h. The absorbance was measured at a
wavelength of 450 nm using a microplate reader.

Cell Migration Assay

Transfected Bxpc-3 cells were seeded at a den-
sity of 5x10* cells/ well and cultured for 24 h. Se-
rum-free medium was used in the wound healing
experiment. Following the incubation, a 10-pl pi-
pette tip was used to create an artificial wound
by scratching the cell monolayer. Wound healing
was observed after 24 h.

Cell Invasion Assay

Transfected Bxpc-3 cells were seeded into the
upper chamber of a Transwell plate. The medi-
um was added to the lower chamber and the cells
were cultured at 37°C for 24 h. Following the in-
cubation, the cells were fixed with methanol for
30 min and stained with crystal violet for 20 min.

WGCNA Analysis

WGCNA is a common algorithm for buil-
ding gene co-expression networks and is per-
formed via the WGCNA R package (https:/
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cran.r-project.org/package=WGCNA). First, the
correlation of all genes was calculated to con-
struct the similarity matrix. Next, appropriate
soft-thresholding power B was selected to im-
prove co-expression similarity and scale-free to-
pology was implemented. Finally, the adjacency
of genes was converted to a topological overlap
matrix (TOM), and the corresponding dissimila-
rity was calculated. Average linkage hierarchical
clustering was conducted with TOM-based dis-
similarity measurements. The minimum size of
the gene dendrogram was 20 and the parameter
merge-cut-height was set at 0.25 to merge highly
correlated modules.

Statistical Analysis

Statistics were performed using Prism 5.0
software (GraphPad, San Diego, CA, USA). Un-
paired Student’s z-test was done to compare only
2 groups and paired Student’s z-test was used
for 2 paired-groups experiments. 3 group com-
parisons were performed using Tukey one-way
ANOVA. Kaplan-Meier survival curves were
used to calculate the survival rate. Each expe-
riment was performed with three replicates and
was repeated in triplicate. A p<0.05 was consi-
dered to indicate a statistically significant diffe-
rence.

Results

Downregulated MiR-429 Expression is
Associated with Poor Prognosis in
Patients with PDAC

To determine the expression and prognostic
value of miR-429 in PDAC, the TCGA databa-
se and two related GEO datasets (GSE41369
and GSE71533) were used. The dataset obtai-
ned from TCGA contained 174 PDAC tissues.
The GSE41369 dataset contained 9 PDAC and
adjacent normal tissues, and the GSE71533 data-
set comprised 72 PDAC tissues and 16 adjacent
normal tissues. The results revealed that miR-
429 expression was downregulated in PDAC
tissues compared with that in normal tissues in
the GSE41369 and GSE71533 datasets (Figure
1A-B). In addition, the clinical significance of
miR-429 in predicting the prognosis of patients
with PDAC was determined based on data from
the TCGA database. The brief information of
these patients was listed in Table I. The results
demonstrated that the downregulated expression
of miR-429 was associated with a poorer OS and
DFS for patients with PDAC (Figure 1C-D).

Univariate and multivariate analyses were per-
formed to determine the predictors for OS and DFS
for patients with PDAC. The results of the univariate
analysis found that downregulated expression levels
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Table 1. Cox PH regression model estimates for the risk of clinical recurrence.

Age Stage Grade
Variable = 60 > 60 | 1} ]| v 1 2 3 4
N 57 117 20 144 3 4 31 92 47 2
Female 27 53 11 63 3 15 46 17 1
Male 30 64 9 81 1 1 16 46 30 1

of miR-429 were associated with poor OS and DFS
in patients with PDAC (Table II). Furthermore, to
evaluate the independent effect of miR-429 expres-
sion levels on OS and DFS, a multivariate Cox re-
gression model was used. The results demonstrated
that downregulated miR-429 expression levels were
an independent poor prognostic factor for OS and
DFS for patients with PDAC (Table I1I).

Moreover, miR-429 expression was further va-
lidated to be downregulated and associated with
poor prognosis in 90 patients with PDAC (Figure
2A-B). Detailed miR-429 expression and clinical
information for 90 PDAC patients were presented
in Supplementary Table II.

The Expression of MiR-429 is Decreased
in the Serum of Patients with PDAC

Next, the expression of miR-429 in the se-
rum was determined based on data from the

GSE24279 dataset. The results revealed that
the expression of miR-429 was significantly
downregulated in the serum of patients with
PDAC compared with those in healthy donors
(Figure 3A), and the area under the curve was
0.689 (Figure 3C). In addition, miRNA was ex-
tracted from the serum samples of 15 patien-
ts with PDAC and 15 healthy donors and was
subjected to RT-PCR to analyze the expression
of miR-429. The results revealed that miR-429
was also downregulated in the serum of patien-
ts with PDAC (Figure 3B-D). Detailed serum
miR-429 expression and clinical information
for 15 patients and 15 healthy donors were pre-
sented in the Supplementary Table I11. These
results suggested that miR-429 expression may
be significantly downregulated in the serum of
patients with PDAC compared with that in he-
althy donors.

Table Il. Univariate Cox proportional hazard model for OS and DFS in PDAC patients.

(01 DFS
Variables HR (95% ClI) Voa HR (95% ClI) Vo
Age (years)
<60 1.423 (0.909-2.228) 0.123 1.456 (0.965-2.196) 0.074
> 60 Reference Reference
Sex
Male 1.215 (0.808-1.826) 0.35 1.176 (0.81-1.708) 0.395
Female Reference Reference
Stage
[&IT 1.405 (0.664-2.972) 0.374 1.745 (0.896-3.395) 0.101
&IV Reference Reference
Grade
1&2 1.495 (0.973-2.295) 0.066 1.319 (0.882-1.972) 0.177
3&4 Reference Reference
Race
White 0.888 (0.484-1.632) 0.703 0.783 (0.438-1.40) 0.41
Other Reference Reference
miR-429
Low 1.54 (1.016-2.335) 0.042 1.802 (1.094-2.968) 0.021
High Reference Reference

Abbreviation: CI, confidence interval; HR, hazard ratio; OS, overall survival; DFS, disease free survival.
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Table Ill. Multivariate Cox proportional hazard model 1 for OS and DFS in PDAC patients.

os

DFS

Variables HR (95% ClI)

p HR (95% CI) p

Age (years)
<60 N/A

> 60
Sex

Male N/A

Female
Stage

1&I11 N/A

&IV
Grade

1&2 N/A

3&4
Race

White N/A
Other

miR-429
Low 1.522 (1.004-2.307)
High Reference

N/A

N/A

N/A

N/A

N/A

0.048 1.818 (1.104-2.993) 0.019

Reference

Abbreviation: CI, confidence interval; HR, hazard ratio; OS, overall survival; DFS, disease free survival.

MiR-429 Suppresses the Proliferation,
Invasion, and Migration of the
PDAC Cancer Cell Line Bxpc-3

Next, whether miR-429 exerted tumor-sup-
pressive effect on PDAC cells was investigated
via transfection of a miR-429 mimic into Bxpc-3
cells. The expression of miR-429 was found to be
upregulated in the transfected Bxpc-3 cells (Fig-
ure 4A). Cell proliferation was subsequently mea-
sured using CCK-8 and SRB assays at 24, 48, and

72 h. As shown in Figure 4B-C, the overexpres-
sion of miR-429 significantly inhibited Bxpc-3 cell
proliferation at 48 and 72 h compared with cells
transfected with NC. The results of the migration
and invasion assays also revealed that the overex-
pression of miR-429 significantly suppressed the
migratory and invasive abilities of Bxpc-3 cells
compared with cells transfected with NC (Figure
4D-E). The expression of miR-429 was subse-
quently knocked down by transfecting a miR-429
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Figure 2. The expression and prognosis of miR-429 in 90 PDAC patients. A, B, The expression (A) (paired
t-test) and prognosis (B) of miR-429 in 90 PDAC patients. The Kaplan-Meier method was used to draw
survival curves, and the log-rank test was performed to evaluate survival difference with the best cut-off

value. **, p<0.01.
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Figure 3. Serum miR-429
level is decreased in PDAC
patients. A, The level of
miR-429 in the serum of
PDAC patients and healthy
donors based on GSE24279
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inhibitor into Bxpc-3 cells, and RT-qPCR anal-
ysis subsequently confirmed that the miR-429
inhibitor was able to downregulate miR-429 ex-
pression (Figure 4F). As shown in Figure 4G-H,
the knockdown miR-429 expression significantly
promoted Bxpc-3 cell proliferation at 48 and 72
hours, and significantly promoted the migratory
and invasive abilities of Bxpc-3 cells compared
with cells transfected with NC (Figure 4G-J).

ldentification of MiR-429 Target Genes
in PDAC

To identify the modules of co-expressed genes
that were negatively correlated with miR-429
expression, WGCNA based on the TCGA data-
base was performed (Figure SA-C). The network
topology for soft-thresholding powers from 1
to 30 was also calculated to select the optimum
threshold. One of the most critical parameters in
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A, Clustering dendrogram of PDAC tissues. B, Relationship between scale-free topology model fit and
soft-thresholds (powers). C, Relationship between the mean connectivity and various soft thresholds. D,
Dendrogram of modules identified by WGCNA. E, Topological overlap matrix among detected genes from
RNAseq. F, Top 10 red model genes negative correlated with miR-429 expression in PDAC. G-J, GO-BP
(G), GO-CC (H), GO-MF (I) and KEGG pathway (J) analysis for the target genes in red model.
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the WGCNA network construction is the pow-
er value, which affects the average connectivity
and independence of each co-expression module.
A power value of 3 was the lowest power for the
scale-free topology. The co-expression similarity
matrix was transformed into an adjacency ma-
trix, and the TOM was calculated. The dynamic
tree cut analysis gave rise to 18 modules with dif-
ferent colors (Figure 5D-E).

Next, Spearman’s correlation analysis was used
to determine the correlation between the identi-
fied target genes and miR-429 in PDAC tissues
using the TCGA database. The top 10 negatively
correlated genes are shown in Figure 5F. Based
on the correlation coefficient with the threshold
value of (r <-0.3), 129 genes were identified to
be negatively correlated with miR-429. Among
them, the highest percentages were found in the
red module, with 44.9% of the 129 genes. To gain
further insights into the function of the genes in
the red module, GO functional term and KEGG
signaling pathway enrichment analyses were con-
ducted the ing DAVID database (Figure 5G-J).
The top 10 BP terms were ‘regulation of extra-
cellular matrix disassembly’, ‘cell adhesion’, ‘ex-
tracellular matrix organization’, ‘cell migration’,
‘branchiomotor neuron axon guidance’, ‘sema-
phorin-plexin signaling pathway involved in axon
guidance’, ‘skeletal system development’, ‘nega-
tive regulation of neuron projection development’,
‘stress fiber assembly’ and “phospholipid translo-
cation’. The enriched KEGG signaling pathway
terms were ‘axon guidance’, ‘long-term depres-
sion’, ‘PI3K-Akt signaling pathway’, ‘cGMP-PKG
signaling pathway’, ‘aldosterone synthesis’, and
‘secretion’.

In addition, the GSE41369 dataset was also
used to identify genes negatively correlated with
miR-429 in PDAC tissues. The top 10 negatively
correlated genes are shown in Figure 6A. The heat
map and volcano plot presented in Figure 6B-C
show the differentially expressed genes (DEGs)
in PDAC tissues. Venn diagram analysis identi-
fied 1,071 overlapping genes between the DEGs
and negatively correlated genes that were associ-
ated with miR-429 in the GSE41369 dataset (Fig-
ure 6D). The intersection of the Venn diagram
between TCGA data and the GSE41369 dataset
identified 28 genes with potential miR-429-mR-
NA interactions (Figure 6E).

Finally, the potential target genes of miR-
429 were predicted using the target prediction
databases, miRDB and TargetScan. Venn dia-
gram analysis identified five overlapping genes
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between the 28 genes and the target prediction
databases (Figure 7A): Cadherin 11 (CDHII),
inositol polyphosphate-4-phosphatase type 1
(INPP4A), laminin yl (LAMCI), low density
lipoprotein receptor-related protein 1 (LRP1)
and QKI, KH domain containing RNA binding
(QKI). The results obtained from the analysis of
the GEPIA database revealed that CDHI11, INP-
P4A, LAMCI, LRP1, and QKI expression levels
were upregulated in PDAC tissues (Figure 7B-F).
To explore the significance of these five genes in
the clinical prognosis of PDAC, Kaplan-Meier
survival analysis was used to construct OS and
DFS curves for patients with PDAC. The Kaplan-
Meier survival curve demonstrated that patients
with PDAC with high CDH11 and QKI expression
led to a shorter OS and DFS (Figure 7G-P), but
the OS and DFS of patients were not related to
INPP4A, LAMCI and LRP1 expression (Figure
7H-J and 7M-O). Detailed gene expression and
clinical information for 174 PDAC patients in the
TCGA database were presented in the Supple-
mentary Table I'V. The expression of CDHI11 and
QKI was also found to be upregulated in PDAC
tissues obtained from the GSE60979, GSE71989,
and GSE91035 datasets (Figure 7Q-V). Further
analyses revealed that CDHI11 and QKI expres-
sion could be downregulated by the overexpres-
sion of miR-429 in Bxpc-3 cells (Figure 8A-B).
Finally, a prognostic nomogram was construct-
ed to predict the survival of patients with PDAC
based on the clinical factors of patients and miR-
429, CDH1,1 and QKI expression (Figure 9A-B).
The results revealed that patients with PDAC with
upregulated expression of miR-429 and downreg-
ulated expression of CDHI1 and QKI had a more
favorable prognosis.

Discussion

Although significant improvements have been
achieved in the treatment of several types of ma-
lignant tumors, in addition to advances in the
understanding of cancer pathogenesis in recent
decades, the outcomes of patients with PDAC re-
main elusive. Patients with PDAC often have an
extremely poor survival outcome as only 15-20%
of all patients are diagnosed at an early enough
stage to be eligible for surgical resection®%.
Therefore, further research into the pathogenesis
of PDAC is required to provide a theoretical basis
for effective PDAC therapies. In addition, vari-
ous miRNAs have been identified as prognostic
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biomarkers, and several mechanisms considered
to underlie the pathogenesis of PDAC have been
studied. Previous studies have reported that miR-
NAs functioned as either tumor suppressors or
oncogenes in tumor progression.

Accumulating evidence has indicated that the
dysregulation of miR-429 expression, a member
of the miR-200 family, may be involved in the

progression of various types of cancer. For ex-
ample, miR-429 expression levels were found to
be downregulated in nephroblastoma®’, thyroid
cancer’!, osteosarcoma’**, glioblastoma multi-
forme (GBM), and gastric cancer*. In nephro-
blastoma, miR-429 was discovered to inhibit cell
proliferation by targeting c-Myc*®. In addition,
miR-429 was found to inhibit thyroid cancer
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Figure 7. Expression and prognostic analysis of miR-429 target genes in PDAC. A, The overlap between
negative correlated genes with miR-429, miRDB predicted target genes of miR-429 and Targetscan
predicted target genes of miR-429 was identified using a Venn diagram. B-F, The expression levels
of CDHI1 (B), INPP4A (C), LAMCI (D), LRP1 (E) and QKI (F) obtained from the GEPIA database
(unpaired #-test). G-K, The OS analysis of CDHI11 (G), INPP4A (H), LAMCI (I), LRPI (J) and QKI
(K) in PDAC. L-P, The DFS analysis of CDH11 (L), INPP4A (M), LAMCI (N), LRP1 (O) and QKI (P)
in PDAC. Q-S, The expression of CDHI1 in PDAC from GSE60979 (Q) (unpaired #-test), GSE71989
(R) (unpaired #-test) and GSE91035 (S) (One-way ANOVA). T-V, The expression of QKI in PDAC from
GSE60979 (T) (unpaired t-test), GSE71989 (U) (unpaired t-test) and GSE91035 (V) (one-way ANOVA).
The Kaplan-Meier method was used to draw survival curves, and the log-rank test was performed to
evaluate survival difference with the best cut-off value. *, p<0.05. *** p<0.001; NS, p>0.05.

cell proliferation and target zinc finger E-box sion of miR-429 was reported to be upregulat-
binding homeobox 1 (ZEBI)*'. In osteosarcoma, ed in non-small cell LC (NSCLC)" and prostate
miR-429 was shown to inhibit the proliferation cancer (PC)*. MiR-429 was also demonstrat-
of osteosarcoma cells by targeting homeobox A9 ed to promote cell proliferation by targeting

(HOXAY9) and ZEBI°?. Furthermore, the expres- p27Kipl in PC*.
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The results of the present study revealed that
the expression of miR-429 was downregulated in
PDAC tissues compared with those in adjacent
non-tumor tissues. In addition, decreased lev-
els of miR-429 were also observed in the serum
of patients with PDAC compared with those in
healthy volunteers, suggesting that miR-429 may
serve as a serum diagnostic marker in PDAC.

Next, miR-429 was discovered to suppress
PDAC cell proliferation, invasion, and migration,
which supports its potential tumor suppressive
role in PDAC. MiRNAs exert their effects by in-
hibiting the expression of multiple target mRNAs.
For example, miR-429 was reported to inhibit the
proliferation of osteosarcoma cells by targeting
HOXA9 and ZEB1***#. Therefore, miR-429 may

exert its effects by targeting multiple mRNAs in
PDAC. Based on WGCNA, correlation analysis
and target gene database prediction (TargetS-
can and miRDB), five genes (CDHI11, INPP4A,
LAMCI1, LRPI and QKI) were predicted to be
target genes of miR-429 in PDAC. Previous stud-
ies**¥” have reported that the aberrant expression
of CDHI1 influenced invasion and metastasis in
a variety of tumor types. CDHI1 has also been
reported to be involved in several signaling path-
ways. For instance, CDH11 was found to be in-
volved in epithelial-mesenchymal transition
(EMT) by affecting the STAT3 signaling path-
way, and it also regulated the WNT signaling
pathway by regulating B-catenin®®3°. QKI is an
RNA-binding protein of the signal transduction
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and activation of the RNA family that regulates
mRNA splicing and stabilization, and circular
RNA formation***!. QKI has been reported to
act as a tumor suppressor by inhibiting the EMT
pathway in LC**. However, a more recent report*
has shown that QKI promoted EMT via the mod-
ulation of alternative splicing in breast cancer.
These opposing effects of QKI may be dependent
on the cellular context in each type of cancer*.
INPP4A is a magnesium-dependent phosphatase
that has been discovered to play an important
role in the metabolism of inositol**¢, A previous
study*’ reported that the knockdown of INPP4A
increased the proliferation, migration, and inva-
sion of bladder cancer cells. LAMCI1 encodes the
laminin yl chain, which is the most common y
subunit of laminins and has been implicated to
play an important role in various types of tumor*®.
The upregulated expression of LAMCI was also
found to be associated with the poor prognosis
of patients with hepatocellular carcinoma, glio-
ma, and gastric cancer*®*>. LRPI is a large mul-
tifunctional endocytic cell surface receptor, this
transmembrane receptor recognizes numerous
ligands, thereby regulating a wide range of bio-
logical functions®. Several studies®*** have indi-
cated that LRP1 may play an important role in the
regulation of tumor growth and progression. The
upregulated expression of LRP1 was found to be
associated with advanced tumor stages in breast
cancer and EmCa3*4,

Next, we found that these genes were upreg-
ulated in PDAC, but only CDHI1 and QKI were
associated with the OS and DFS of patients with
PDAC. Thus, CDHI1 and QKI are highly likely
to be target genes of miR-429 in PDAC. Previ-
ous studies®-¢ have found that the expression of
CDHI11 was upregulated in gastric cancer, breast
cancer, and brain malignancy tissues compared
with those in normal tissues. The knockdown of
CDHI11 was discovered to inhibit cell prolifera-
tion and metastasis in GBM and breast cancer™.
Higher expression of QKI was also found to be
associated with poor clinical outcomes in breast
cancer’®. Previous studies’™® have reported that
CDHI11 and QKI acted as tumor suppressor genes
in several types of tumors. Therefore, the down-
regulated expression of miR-429 may upregulate
the expression of CDH11 and QKI to facilitate the
progression of PDAC and decrease the survival
time of patients with PDAC.

The current study has two limitations. First,
the number of healthy is disproportionate to
the number of PDAC patients, especially for
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GSE24279. Second, the number of patients that
serum was collected from was relatively small.
However, these results provide a preliminary
indication of the role of miR-429 in PDAC and
suggest that several miR-429 target genes may
have potential as biomarkers for the clinical di-
agnosis of PDAC.

Conclusions

The findings of the present study indicated that
the expression levels of miR-429 may be down-
regulated in both tumor tissues and the serum of
patients with PDAC. Further experimental assays
revealed that miR-429 suppressed the prolifer-
ation, invasion, and migration of PDAC cells.
CDHI11 and QKI were also identified as likely tar-
get genes of miR-429.
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