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Background and aim: Some cancer-specific miRNAs are dysregulated in pancreatic adeno-
carcinoma (PAAD) and involved in cell autophagy, differentiation, proliferation, migration,
invasion, and malignant transformation. The aim of our study was to determine a panel of new
diagnostic and prognostic biomarkers for PAAD.

Methods: We conducted a comprehensive analysis of global miRNA-expression profiles and cor-
responding prognosis information of 168 PAAD patients from the Cancer Genome Atlas data set.
A total of 16 differentially expressed miRNAs were identified as aberrantly expressed in PAAD,
and six of these were evaluated for use as diagnostic markers for PAAD. Next, we confirmed a two-
miRNA signature significantly associated with PAAD patient diagnosis and outcome prediction.
Results: The panel of two miRNAs showed outstanding diagnostic performance, with sensitiv-
ity of 100% and specificity of 87.5%. Finally, we divided the PAAD patients into high-risk and
low-risk groups based on the expression profile of the two miRNAs. Kaplan—Meier analysis
demonstrated that patients in the high-risk group had significantly worse prognosis than patients
in the low-risk group. Univariate and multivariate Cox regression analysis showed that the two-
miRNA signature was an independent prognostic factor for the overall survival of PAAD patients.
Conclusion: Taken together, the two-miRNA signature may serve as an accurate and sensitive
biomarker for diagnosis and PAAD-outcome prediction, facilitating the diagnosis and potentially
improving treatment outcome of PAAD.
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Introduction
Pancreatic adenocarcinoma (PAAD) is one of the most lethal cancers and is associated
with high morbidity and poor prognosis. The 5-year survival rate remains at only 7%.!
Due to the lack of effective early-diagnosis approaches or typical symptoms, most patients
with PAAD are not diagnosed until reaching advanced stages.> Although some progress
has been made in recent years, the influence of environmental factors, genetic factors,
epigenetic alterations, and chronic inflammation on PAAD development remains poorly
understood, and therapeutic options for PAAD patients are still limited.? Therefore, inves-
tigating the impact of multiple pathogenic factors on the clinical characteristics of PAAD
is crucial for physiological assessment, treatment planning, and prognosis evaluation.**
miRNAs are small non-protein-coding RNAs that bind to complementary sequences
on target-mRNA transcripts to modulate their expression and are considered efficient
diagnostic and prognostic biomarkers in malignant disease.® These small RNAs regulate
the expression of up to 30% of all mammalian protein-coding genes. With advances
in human genome-sequencing technology, an extremely large number of miRNAs
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have been discovered. Accumulating evidence has emerged
to suggest that miRNAs participate in many fundamental
biology processes, such as cell autophagy, apoptosis, dif-
ferentiation, and proliferation, and may also participate in
carcinogenesis.” Several studies have demonstrated aberrant
expression of some specific miRNAs in PAAD and other
disease processes. By using murine orthotopic models, Mees
et al found that miR224 and miR486 are involved in the
progression of PAAD.® Frampton et al suggested that specific
miRNAs act as cooperative repressors of a network of tumor-
suppressor genes.’ The underlying mechanisms by which
cancer-specific miRNAs contribute to PAAD development
are still unclear. Therefore, the identification of aberrantly
expressed cancer-specific miRNAs may facilitate early PAAD
diagnosis and survival prediction.

This study utilized miRNA-sequencing data and cor-
responding clinical information from the Cancer Genome
Atlas (TCGA) database. The TCGA PAAD project includes
the largest sequencing cohort currently available for PAAD.
Here, we analyzed the differentially expressed miRNAs
between PAAD tissue and matched normal tissue based
on the miRNA-sequencing data. Based on our results, we
identified a two-miRNA signature that may serve as an
accurate diagnostic and prognostic biomarker for PAAD
patients.

Materials and methods

miRNA-sequencing data processing

PAAD level 3 miRNA-sequencing data obtained from
samples from 168 PAAD patients were downloaded from the
TCGA database. The detailed clinical information included
sex, age at diagnosis, tumor size, metastasis status, lymph-
node status, and TNM stage (according to the seventh edi-
tion of the American Joint Committee on Cancer’s staging
manual), and is shown in Table 1. The median diagnosis age
was 64 years (range 3588 years). The median follow-up
time was 26.33 months (range 0—72.4 months).

Raw-count miRNA-sequencing data were processed
with EdgeR, a Bioconductor package based on the R lan-
guage, to screen differentially expressed miRNAs between
PAAD tissue and adjacent normal tissue using the unpaired
t-test. For all P-values, a false-discovery rate (FDR) was
applied to correct the statistical significance of multiple
testing. Fold changes (FCs) in the expression of individual
miRNA were calculated, and differentially expressed miR-
NAs with FDR values <0.05 and FCs >1 were considered
significant.

Table | Clinical characteristics of PAAD patients

Variables n (%)

Age at diagnosis

<60 years 50 (29.8%)
260 years 118 (70.2%)
Gender

Female 75 (44.6%)
Male 93 (55.4%)
Metastasis

MO 78 (46.4%)
MI 4 (2.4%)
MX 86 (51.2%)
Lymph-node status

NO 23 (13.7%)
NI 62 (36.9%)
NX I (0.6%)
Clinical stage

| 15 (8.9%)

I 144 (85.7%)
n 3 (1.8%)

v 4 (2.4%)

T stage

TI 6 (3.6%)

T2 19 (11.3%)
T3 139 (82.7%)
T4 3 (1.8%)
Neoplasm histological grade

Gl 24 (14.3%)
G2 94 (56.0%)
G3 47 (28.0%)
G4 I (0.6%)
GX 2 (1.2%)
Surgical margin resection status

RO 98 (58.3%)
RI 51 (29.8%)
R2 5 (3.0%)
RX 4 (2.4%)
Tumor size

<4 cm 105 (62.5%)
>4 cm 50 (29.8%)
Race

Asian Il (6.5%)
Black/African-American 6 (3.6%)

White

Abbreviation: PAAD, pancreatic adenocarcinoma.

147 (87.5%)

Diagnostic performance of differently
expressed miRNAs

Receiver-operating characteristic (ROC) analysis was
performed to evaluate the diagnostic performance of dif-
ferently expressed miRNAs (DEmiRNAs). To compare the
superiority or inferiority of DEmiRNAs for diagnostic perfor-
mance, ROC curves were drawn. Area under the ROC curve
(AUROC) was used to calculate the diagnostic sensitivity and
specificity. P<0.05 was considered significant.
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Association between DEmiRNAs and
patient prognosis

All patients were classified into high or low miRNA-expres-
sion groups according to the median value. Overall survival
(OS) and disease-free survival were used in survival analysis.
OS and disease-free survival data were downloaded from
TCGA. Kaplan—Meier and log-rank methods were used to
test differences between the two groups. P<0.05 was con-
sidered significant.

Target-gene prediction of two miRNAs
and functional analysis

The mRNAs targeted by the two miRNAs were predicted
using two online analysis tools: miRDB (www.mirdb.org)
and TargetScan (www.targetscan.org). Next, overlapping

target genes were analyzed using a Venn diagram. Gene
Ontology and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways were analyzed using the Database for
Annotation, Visualization, and Integrated Discovery bio-
informatics tool.

Statistical analysis

Data are presented as mean & SD. The two-miRNA signature
was determined based on significant miRNAs in OS and
diagnostic performance. Univariate and multivariate Cox
proportional-hazard regression models were used to evaluate
the prognostic significance of the two-miRNA signature. All
statistical analysis was conducted using SPSS 22.0 (IBM,
Armonk, NY, USA). All tests were two-sided, and P<0.05
was considered significant.

logFC

-5

0o 2 4 6 8 10 12
~log10 (FDR)

Figure | Volcano plot and heat map of DEmiRNAs.

Results

Identification of DEmiRNAs

We identified a total of 16 DEmiRNAs from the dataset of
TCGA, of which two were upregulated and 14 downregulated,
with cutoffs of FDR <0.05 and FCs >1 (Table 2). A volcano
plot was drawn to show the relationships between FDR and
FCs of each DEmiRNA (Figure 1A). Then, we organized the
16 miRNA data points as a heat map to visualize the distinct
expression profile between PAAD and normal tissue (Figure 1B).

Diagnostic performance of DEmiRNAs
ROC curves and AUROC were used to evaluate the ability of
DEmiRNAs to distinguish PAAD tissue from normal tissue.

Table 2 DEmiRNAs between PAAD and normal controls

miRNAs LogFC P-value FDR
Upregulated hsa-miR 194-1 2.995 3.92+ 3.542
hsa-miR194-2 2.9078 4.75+ 3.822
Downregulated hsa-miR 139 -2.9103 5.72-¢ 828"
hsa-miR45|a -3.1417 1.97-" 1.42¢
hsa-miR4433b —4.7319 1.09"! 5.28°
hsa-miR 142 -2.1612 4.18° 1.51-¢
hsa-miR 144 -2.6036 3.007 8.68°
hsa-miR424 —1.3554 4.697 .13+
hsa-miR 126 —1.1608 5.99° 1.242
hsa-miR486-| -1.9358 1.87+ 3.017
hsa-miR486-2 -1.8879 2.80 3467
hsa-miR891b —2.4688 3.07 3467
hsa-miR 10b -1.107 321+ 3467
hsa-miR3613 —1.0856 3.35¢ 3467
hsa-miR206 —2.4482 3.82* 3.547
hsa-miR4678 —-2.8038 5.07+ 3.86

Abbreviations: DEmiRNAs, differently expressed miRNAs; FC, fold change; FDR,
false-discovery rate; PAAD, pancreatic adenocarcinoma.

‘‘‘‘‘‘‘

Notes: (A) Plots of log,FC vs —log,, (FDR) for DEmiRNAs. Each red dot represents a significantly upregulated miRNA and each green dot a significantly downregulated
miRNA. (B) Sixteen differentially expressed miRNAs were visualized by heat map. Each column represents one sample and each row one miRNA.
Abbreviations: DEmiRNAs, differently expressed miRNAs; FC, fold change; FDR, false-discovery rate.
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AUROC >0.8 can discriminate tumor from normal tissue.
The upregulated miRNAs miR194-1 and miR194-2 had good
diagnostic performance, with AUROC values of 0.946 and
0.940, respectively (Figure 2A). The downregulated miRNAs
miR 142, miR424, miR126, and miR206 also showed good
diagnostic performance, with AUROC values of 0.835, 0.966,
0.812, and 0.874 respectively (Figure 2B). Sensitivity and
specificity are listed in Table 3.

Prognostic performance of DEmiRNAs

To reveal the relationship between DEmiRNAs and prog-
nosis, we performed Kaplan—Meier analysis. Our results
revealed that miR126 (P=0.007) and miR424 (P=0.017) were
significantly associated with PAAD patients’ OS (Figure 3
A and B). To discover potential prognostic biomarkers for
recurrence, we assessed the influence of expression of all
DEmiRNAs on disease-free survival in PAAD patients. The
results revealed that no DEmiRNA expression was signifi-
cantly correlated with disease-free survival. We next evalu-
ated prognostic values of differentially expressed miRNAs
using univariate Cox regression analysis. The results showed
that miR424 and miR126 were independent prognostic fac-
tors for PAAD patients (Table 4).

1.0

Source of the curve

hsa-miR194-1
hsa-miR194-2
Reference line

0.8

0.6

Sensitivity

0.4

0.2

0 0.2 0.4 0.6 0.8 1.0
1 — specificity

We used a Venn diagram to find DEmiRNAs with both
excellent diagnostic and prognostic performance, and miR126
and miR424 met the criteria (Figure 4A). ROC analysis was
preformed to assess the diagnostic performance of the two-
miRNA signature. The AUROC of the two-miRNA signature
was 0.966 (95% CI 0.911-1.000), with sensitivity of 100%
and specificity of 87.5% (Figure 4B). Next, we evaluated the
prognostic performance of the two-miRNA signature using
multivariate Cox regression analysis and calculated a risk score
for each patient. PAAD patients were divided into a high-risk
group and a low-risk group based on the median risk score. The
results demonstrated that patients with high-risk scores had
significantly worse prognoses (P=0.0015) than PAAD patients
with low-risk scores (Figure 4C). Univariate and multivariate
Cox regression analyses indicated that the two-miRNA sig-
nature was an independent prognostic factor in OS (hazard
ratio [HR] 2.318, 95% CI 1.482-3.626; P <0.001; Table 5).

Target-gene prediction and functional

enrichment analysis

To elucidate the biological functions of DEmiRNAs, we
performed Gene Ontology and KEGG pathway-enrichment
analysis to identify target genes of both miR126 and miR424,

Source of the curve

hsa-miR142
hsa-miR424
hsa-miR126
hsa-miR206
Reference line

0.8

0.6

Sensitivity

0.4

0.2

0 0.2 0.4 0.6 0.8 1.0
1 — specificity

Figure 2 ROC curves of DEmiRNAs in distinguishing PAAD tissues from normal tissue.
Notes: (A) Upregulated DEmiRNAs (AUROC >0.8); (B) downregulated DEmiRNAs (AUROC >0.8).
Abbreviations: AUROC, area under receiver-operating characteristicc DEmiRNAs, differently expressed miRNAs; PAAD, pancreatic adenocarcinoma; ROC, receiver-

operating characteristic.

Table 3 Diagnostic performance of specific miRNAs (AUROC >0.8)

Variable(s) AUROC P-value Sensitivity (%) Specificity (%)
Upregulated has-miR194-1 0.946 0.002 95.2 75

has-miR [94-2 0.94 0.003 94.6 75
Downregulated has-miR 142 0.835 0.022 75 95.2

has-miR424 0.966 0.001 100 89.9

has-miR 126 0.812 0.033 100 64.9

has-miR206 0.874 0.011 100 774

Abbreviation: AUROC, area under receiver-operating characteristic.
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Figure 3 Kaplan—Meier survival curves for two miRNAs associated with overall survival: (A) miR126; (B) miR424.

Table 4 Univariate Cox regression analysis of DEmiRNAs
associated with overall survival

HR z P-value
hsa-miR424 1.512 2.468 0014
hsa-miR 126 0.646 -2.324 0.020
hsa-miR3613 0.717 -2.030 0.042
hsa-miR206 0.835 —-1.509 0.131
hsa-miR 142 0.852 —-1.391 0.164
hsa-miR486- | 0.897 —-1.315 0.189
hsa-miR4433b 1.453 1.205 0.228
hsa-miR 139 0.882 —1.148 0.251
hsa-miR451a 0.924 -1.092 0.275
hsa-miR486-2 0.923 -0.995 0.320
hsa-miR 194-2 0.945 -0.706 0.480
hsa-miR 194-1 0.948 -0.678 0.498
hsa-miR | 0b 0910 -0.602 0.547
hsa-miR 144 0.958 —-0.595 0.552
hsa-miR4678 0.742 -0.562 0.574
hsa-miR891b 0.975 -0.132 0.895

Abbreviations: DEmiRNAs, differently expressed miRNAs; HR, hazard ratio.

as predicted by miRDB and Target Scan. The Gene Oncology
annotation included protein binding, ATP binding, protein phos-
phorylation, protein-kinase activity, the Wnt-signaling pathway,
and other functional classes (Figure 5A). KEGG enrichment
pathways were mainly associated with the mTOR-signaling
pathway, MAPK -signaling pathway, autophagy, FoxO-signaling
pathway, and insulin-signaling pathway (Figure 5B).

Discussion

miRNAs can modulate the expression of multiple genes,
playing essential roles in many cellular processes in
human malignant disease, and thus miRNAs can directly
influence the development and progression of cancer.'*'
Recent studies have revealed distinct miRNA-expression
profiles in PAAD, indicating key roles of miRNAs in the

development and progression of PAAD."*? In this study,

A B C
ROC curve OS curve
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Low risk
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>
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Figure 4 Two-miRNA signature in diagnosis and prognosis of PAAD.

Notes: (A) Venn analysis of overlapping statistically significant miRNAs among OS markers and diagnostic markers; (B) ROC curves of two-miRNA signature in differentiating
PAAD tissues from normal tissue; (C) Kaplan—Meier survival curves of two-miRNA signature in overall survival prediction.
Abbreviations: AUROC, area under receiver-operating characteristic; OS, overall survival; PAAD, pancreatic adenocarcinoma; ROC, receiver-operating characteristic.
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Table 5 Univariate and multivariate Cox regression analysis in pancreatic adenocarcinoma patients
Univariate P-value Multivariate P-value
HR 95% CI HR 95% ClI
Sex 0.752 0.498-1.135 0.175
Age (continuous variant) 1.021 1.000-1.042 0.046 1.019 0.998-1.041 0.074
Metastasis (M| vs MO) 1.066 0.255-4.462 0.93
Lymph-node status (N vs NO) 1.76 1.076-2.879 0.024 1.624 0.990-2.663 0.055
Clinical stage (Ill + 1V vs | +1I) 0.745 0.235-2.363 0.617
Tstage (T3+T4vs Tl +T2) 1.185 0.629-2.234 0.599
Two-miRNA signature (high risk vs low risk) 2318 1.482-3.626 <0.001 2.136 1.352-3.375 0.001

Abbreviation: HR, hazard ratio.

we screened miRNA-sequencing data and corresponding
clinical information obtained from the TCGA PAAD project.
Sixteen miRNAs were identified as aberrantly expressed in
PAAD tissue: two were upregulated and 14 downregulated.
A previous study suggested that combinations of different
miRNAs may be more sensitive and specific than the cur-
rently individual miRNA markers.?! Therefore, based on
our results, we constructed a two-miRNA signature, which
had outstanding diagnostic performance and independent
prognostic significance for PAAD.

The distinct expression profiles of cancer-specific miR-
NAs in PAAD have attracted attention for use as diagnostic
and prognostic markers. Several recent studies have revealed
that some cancer-specific miRNAs are aberrantly expressed
in PAAD and could be used as diagnostic and prognostic
markers.?>?* However, these studies had several limitations.
There was clinical and molecular heterogeneity in different
studies. There were methodological differences, limiting
reproducibility and normalization among these studies. The
number of patients enrolled in each study was generally small.
The TCGA PAAD project includes gene-sequencing data
and corresponding clinical information in PAAD tissue and
adjacent normal tissue. Translating “big data” information
into a better understanding of underlying biological mecha-
nisms can help identify potential diagnostic and prognostic
markers for PAAD.

Recently, one study used univariate Cox regression to
analyze TCGA data and found that ten highly expressed
miRNAs were associated with worse prognosis and three
highly expressed miRNAs associated with better prognosis.”
Here, we analyzed the TCGA data using EdgeR, a Biocon-
ductor package based on the R language, and identified 16
DEmiRNAs with FDR <0.05 and FCs >1. Additional studies
have demonstrated that some of these miRNAs are aberrantly
expressed in PAAD, which lends credibility to our study.
Jiao et al reported that expression profiling revealed down-
regulation of 21 miRNAs, including miR126 and miR451 in

pancreatic ductal adenocarcinoma.? Conversely, Nakata et al
performed microdissection analysis and showed that miR10b
exhibited higher expression levels in pancreatic cancer cells
than in normal pancreatic ductal cells.”’

To establish an accurate and efficient biomarker in diag-
nosis and prognosis, we identified a two-miRNA signature
of miR126 and miR424 based on a Venn diagram of sig-
nificant miRNAs, with excellent diagnostic and prognostic
performance. These two miRNAs are generally considered
related to malignant disease and patient OS. Located
in 9q34.3, miR126 is the most commonly dysregulated
miRNA in tumors. Emerging evidence has demonstrated
that miR126 acts as a tumor-suppressor gene by targeting
many oncogenes associated with metastasis, proliferation,
migration, and invasion. Liu et al showed that deactivation
of miR126 induced a pseudohypoxia state due to increased
HIF o expression, which further enhanced therapeutic resis-
tance and cell motility mediated by SLC745 and SERPINE|,
respectively.”® Yuan et al showed that miR126 suppressed
the migration, proliferation, and invasion of colon cancer
by inactivating RHOA signaling via CXCR4.%° Chen et al
showed that downregulation of miR126 expression clearly
upregulated expression of VEGFA and its downstream
signaling pathways.*® Jia et al demonstrated that miR126
inhibited invasion in bladder cancer by targeting ADAM9.3!
In invasive ductal PAAD, Hamada et al showed reduced
expression of miR126.% In addition, there have been con-
flicting reports of the roles of miR424 in the progression
and chemotherapy resistance of PAAD. Zhang et al reported
that miR424 may contribute to non-small-cell lung cancer
progression and metastasis by affecting migration, invasion,
and proliferation via inhibition of.33 Rodriguez-Barrueco et
al observed that loss of miR424 promoted chemotherapy
resistance due to upregulation of BCL2 and IGFIR.3* In
this study, we observed that miR424 was downregulated
in PAAD tissue and high miR424 expression associated
with worse outcome. Therefore, the conflicting function of
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Figure 5 GO and KEGG pathway-enrichment analysis of DEmiRNA-targeted genes.
Notes: (A) Enriched gene-ontology annotation of target genes; (B) enriched KEGG pathway of target genes.
Abbreviations: DEmiRNA, differently expressed miRNA; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

miR424 should be investigated further. Here, we constructed  specificity of 87.5%. More importantly, the two-miRNA

ROC curves to verify that the two-miRNA signature was an  signature showed excellent performance in predicting OS

efficient diagnostic marker in distinguishing PAAD tissue  in PAAD, indicating the two-miRNA signature may be a

from adjacent normal tissue, with sensitivity of 100% and  prognostic biomarker.
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Although our results did not support use of miR10b
and miR206 as prognosis biomarkers, these miRNAs have
also been implicated in PAAD. Ouyang et al demonstrated
that miR10b stimulated pancreatic cancer-cell invasion by
decreasing TIP30 expression and enhancing EGFR signal-
ing, suggesting miR10b may serve as a diagnostic marker
in ductal PAAD.** Nakata et al found that miR10b was over-
expressed in pancreatic cancer and may participate in inva-
siveness in pancreatic cancer cells, thereby leading to poor
prognosis.” In addition, Duell et al revealed that the plasma
level of miR10b may serve as a noninvasive biomarker for
early ductal PAAD.*® Feng et al reported that simultaneous
overexpression of miR206 and miR34a enhanced antitumor
efficacy, affecting cancer cell viability, invasion, and apopto-
sis in PAAD cells.?” Considering the influence of miR 10b and
miR206 on PAAD progression, it remains unclear whether
these two miRNAs would be useful for prognosis evaluation
in PAAD patients.

In order to confirm our results, we conducted indepen-
dent validation using the Pancreatic Expression Database,
which brings together the largest collection of pancreatic
data from the literature, including transcriptomic, proteomic,
miRNA, and genomic profiles.*® We searched for miR424
and miR126 expression in all studies included in the data-
base. Bauer et al examined miRNA expression in 129 tissue
samples, including normal pancreas, chronic pancreatitis,
and ductal PAAD using Geniom Biochip, and found that
expression of miR424 in ductal PAAD was lower than that
of chronic pancreatitis, but higher than that of normal pan-
creas, suggesting that miR424 may play an important role
in inflammatory-to-cancer transformation.** Szafranska et
al investigated miRNA expression in 25 samples containing
normal pancreas, chronic pancreatitis, and ductal PAAD, as
well as ductal PAAD-derived cell lines using miRNA arrays.
The study showed that expression of miR424 in ductal PAAD
cell lines was significantly lower than chronic pancreatitis
and normal pancreas, and a similar expression pattern was
found in miR126.% Piepoli et al investigated expression
profiling of 866 human miRNAs in 17 pancreatic cancers
and matched adjacent normal tissue, and found that miR 126
was upregulated in pancreatic cancers.*! Some of the results
in these studies were similar to ours and some different. On
one hand, these studies were based on different miRNA-array
platforms. On the other hand, sample sizes for these studies
varies widely: only 17 samples for Piepoli et al and 25 for
Szafranska et al. However, our study had some limitations.
We do not have our own PAAD-patient cohort to validate our

results. In our future work, we will collect enough specimens
and clinical data to verify our findings.

In this study, we analyzed miRNA-sequencing data in
168 samples from the TCGA database. We not only found
differentially expressed miRNAs but also investigated their
diagnostic and prognostic performance using bioinformatics
analysis. We found that the two-signature miRNA was an
excellent diagnostic biomarker and independent prognostic
biomarker in PAAD patients. Additionally, the biological
function and underlying mechanisms of candidate miRNAs
in the development and progression of PAAD need to be
elucidated.

Conclusion

Aberrations in miRNA expression are associated with PAAD
progression. We conducted a comprehensive analysis of
miRNA-expression profiles in PAAD tissue and adjacent
matched tissue. Our data indicated that two-signature miRNA
was an accurate and efficient diagnostic biomarker in PAAD
and an independent prognostic biomarker in PAAD patients.
However, further functional studies are needed to reveal the
underlying molecular mechanisms for these miRNAs in
PAAD progression.

Disclosure
The authors report no conflicts of interest in this work.
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