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Expression of selected microRNAs in pancreatic ductal adenocarcinoma: is
there a relation to tumor morphology, progression, and patient’s outcome?
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Pancreatic ductal adenocarcinoma (PDAC) remains a disease with extremely poor prognosis and limited effective avail-
able treatment. Differential expression of miRNAs isolated from tumor tissue has been proposed as a marker for tumor
diagnosis, progression, and prognosis. Nevertheless, the prognostic value of miRNAs expression in PDACs for patient
outcome still remains unclear. Expression of 7 selected miRNAs, isolated from FFPE samples of 54 PDAC patients, was
quantified using RT-qPCR. The relationship of miRNA expression levels with tumor histology, clinicopathological charac-
teristics, patient overall survival (OS), and progress-free survival (PFS), was subsequently evaluated. Overexpression of
miR-21, miR-155, and miR-210 was observed in PDACs (up to 72.62, 232.36, and 181.38-fold, respectively), in comparison
with non-neoplastic tissues. On the other hand, miR-96 and miR-217 were significantly downregulated in PDACs (up to
one hundred times). No differences were, however, noticed between cancer and normal tissues for the expression levels of
miR-148a and miR-196a. On the other hand, expression levels of all 7 miRNAs failed to demonstrate a significant correlation
with parameters of tumor progression, such as tumor stage, grade, nodal involvement, perineural, and vascular invasion.
The positive correlation of miR-210 levels was, however, observed with patient age (p=0.35). Additionally, miR-148a and
miR-217 expressions have shown a positive association with tubular tumor growth pattern (p=0.39; p=0.28). The negative
correlation of miR-148a values was also demonstrated with dissociative growth pattern and nuclear atypia (p=-0.30;
p=-0.27). Finally, no statistically significant correlation could be demonstrated with the expression levels of all 7 tested
miRNAs and PDAC patient survival; neither for OS nor for PFS (p>0.05). Our data have confirmed abnormal miRNAs
expression in PDACs in comparison with adjacent non-neoplastic tissue. On the other hand, no correlation was discovered
between miRNA expression and parameters of tumor progression. We have found a significant association between histo-
logic tumor growth patterns and miRNA expression, making this work the first study, which analyses this aspect of PDAC.
Finally, in our group of patients, no relationship of miRNA levels and patient prognosis could be demonstrated. Therefore,
further investigation is required to evaluate the predictive and prognostic potential of miRNAs in a clinical setting.

Key words: miRNA, pancreatic ductal adenocarcinoma, RT-qPCR (reverse transcription quantitative PCR), overall survival,
progression-free survival

Pancreatic ductal adenocarcinoma (PDAC) is the most
common primary pancreatic neoplasm, with great poten-
tial for locoregional spread (close to 35% of cases) and, in
up to 50% of patients, with metastatic disease at the time of
diagnosis. Furthermore, PDAC is highly resistant to chemo-
radiotherapy [1-3]. Curative resection is possible only in
15-20% of the patients, with 5-year overall survival (OS)
of 5-7% [4-8]. Despite dramatic progress in the manage-
ment of malignancies, the outcome of PDAC patients failed
to show significant improvement and by 2030, PDAC is
estimated to be the second leading cause of cancer-related

death [9]. Therefore, there is an intensive ongoing search for
biomarkers permitting tumor detection, characterization of
cancer progression, and prediction of patient survival.
MicroRNAs (miRNAs) have emerged as a new class
of such biomarkers [10, 11]. Dysregulation in miRNA
expression profiles has been detected in a wide variety of
neoplastic diseases [12-14]. They have been theorized to act
as oncogenes and tumor suppressors, with aberrant miRNA
expression being already presented in neoplastic precursor
lesions [15-17]. miRNAs can be isolated from plasma, tissue
samples, and excretions while maintaining sample integ-
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rity due to their stability [18-20]. Moreover, miRNAs are
preserved after formalin fixation and can be isolated from
paraffin-embedded tissue, yielding similar results to fresh
material [21].

Several microRNAs across numerous publications have
been proposed as predictive factors for disease progres-
sion, chemotherapy outcome, and patient survival. Of these
markers, miR-21 has received the most of attention, elevated
expression levels being regularly suggested as a predictor of
poor patient prognosis [22]. Jamieson et al. have also discov-
ered the relationship of miR-21, alongside miR-146a, and
miR-628 with tumor grade, stage, and lymph node status
[23]. Other miRNAs have shown promise as prognostic
markers as well but were analyzed to a more limited degree,
sometimes yielding inconsistent results among studies. Kong
et al. have proposed elevated miR-196a serum levels as a
predictor of poor survival, besides being able to differen-
tiate resectable and unresectable patients [24]. miR-155 has
also been linked to advanced tumor stage and poor survival
[25, 26]. Greither et al. have proposed a prognostic panel
consisting of miR-155, -203, -210, and -222, where their
elevated expression is a predictor of poor outcome [27]. On
the other hand, increased plasma levels of miR-210 were
linked to better patient survival [28].

In this study, the expression of 7 miRNAs (miR-21, miR-96,
miR-148a, miR-155, miR-196a, miR-210, and miR-217),
described to be dysregulated in PDAC, was analyzed. Three
of the selected miRNAs, miR-21, miR-155, and miR-217 were
described to be differentially expressed in relationship with
tumor progression [23, 25, 29]. miR-21, miR-155, miR-196a,
and miR-210 were selected, due to having being proposed as
prognostic markers [22, 27, 30]. The role of miR-96, as well as
miR-148a and miR-217 expression in patient prognosis, has
not been analyzed extensively yet. The aim of this work was
evaluation of the relationship of miRNA expression levels
with tumor morphology, progression, and patients” survival.

Patients and methods

Patients and tissue specimens. For this study, tissue
samples were collected from patients who had under-
gone pancreatoduodenectomy (Whipple and Traverso-
Longmire), distal pancreatectomy, or total pancreatec-
tomy for PDAC between 2007 and 2015. Formalin fixed
paraffin embedded (FFPE) blocks with tumor and with
normal pancreatic tissue, used as a negative control, were
retrieved from the archive of the Department of Pathology
of the University Hospital Kralovske Vinohrady in Prague.
Tumor tissue represented at least two thirds of the volume
of the histologic slide. Negative controls of non-neoplastic
pancreatic tissue were procured at least 15 mm away from
the tumor. The diagnosis of PDAC was confirmed by two
pathologists (A.S., V.M.) according to the WHO Classifi-
cation of Tumors of the Gastrointestinal Tract, 4™ edition.
Patient data, including age, gender, tumor grade, and TNM

status was collected for analysis. Patients were followed up
until January of 2018, with a median follow-up time of 19
months. All patients provided informed written consent for
their tissues to be used for scientific research and to publish
their case details (resolution 1006/2012). The study was
performed according to the Declaration of Helsinki and
approved by the Ethics Committee of the Third Faculty of
Medicine (Charles University in Prague, Czech Republic).

Morphological analysis of tumors. Microscopic patterns
of PDAC were classified into the tubular, cribriform, solid-
trabecular, mucinous, clear cell, dissociative, and signet ring;
quantified in increments of 5%, taking into account all the
available slides with the tumor. Tumor growth patterns are
illustrated in Figure 1. Nuclear atypia was semiquantitatively
graded as low, medium, or high. Mitotic count for each
tumor was also performed in 10 high power fields (HPF)
(Olympus microscope BX43 and objective Olympus Plan
40x/0.65).

MicroRNAs isolation and reverse transcription. Three
6 um thick unstained sections from selected FFPE blocks,
where the tumor occupied at least two thirds, were procured
for RNA extraction, using the miRNeasy FFPE kit (Qiagen),
following the manufacturer’s instructions. Reverse transcrip-
tion was carried out as described in our previous work [31].

Table 1. Stem-loop primers for the miRNAs.

miRNA name: Stem-loop Primer sequence:

miR-39 C. elegans ~ GTCGTATCCAGTGCAGGGTCCGAGGTATTC-

GCACTGGATACGACTATTAC

miR-21 GTCGTATCCAGTGCAGGGTCCGAGGTATTC-
GCACTGGATACGACTCAACA

miR-96 GTCGTATCCAGTGCAGGGTCCGAGGTATTC-
GCACTGGATACGACAGCAAAAATGTG

miR-148a GTCGTATCCAGTGCAGGGTCCGAGGTATTC-
GCACTGGATACGACAGTCGGAG

miR-155 GTCGTATCCAGTGCAGGGTCCGAGGTATTC-
GCACTGGATACGACACCCCTATCACG

miR-196a GTCGTATCCAGTGCAGGGTCCGAGGTATTC-
GCACTGGATACGACCCCAACAACATG

miR-210 GTCGTATCCAGTGCAGGGTCCGAGGTATTC-
GCACTGGATACGACTCAGCCGCTGTC

miR-217 GTCGTATCCAGTGCAGGGTCCGAGGTATTC-

GCACTGGATACGACTCCAATCAGTTC

Table 2. Real-time qPCR primers.

Primer name: Primer sequence:

ATCCAGTGCAGGGTCCGAGG
GCGGCGGAGCTGATTTCGTCTTG

Universal primer
miR-39 C. elegans

miR-21 GCGGCGGTAGCTTATCAGACTG
miR-96 GCGGCGGTTTGGCACTAGCAC
miR-148a GCGGCGGAAAGTTCTGAGACACTCC
miR-155 GCGGCGGTTAATGCTAATCGTG
miR-196a GCGGCGGTAGGTAGTTTCATGTTG
miR-210 GCGGCGGCTGTGCGTGTGACAG
miR-217 GCGGCGGTACTGCATCAGGAAC
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Figure 1. Growth patterns in PDAC. A) tubular (magnification 20x), B) cribriform (20x), C) solid trabecular (20x), D) dissociative (40x), E) mucinous

(20x), and F) clear cell (20x).

The stem-loop primer sequences for the examined pancre-
atic miRNAs and the internal control, alien spike miRNA
(miR-39 from C. elegans) are listed in Table 1. The alien spike
was selected for normalization based on its performance in
our previous work [31].

Real-time qPCR. cDNA samples were amplified in dupli-
cates, using the Applied Biosystems 7500 Fast real-time
PCR system and Hot FirePol EvaGreen qPCR Mix Plus
(Solis BioDyne). The reaction mix included 10 pmol of each
primer (miRNA specific and the universal; Table 2) and 2 ul
of ¢cDNA. Amplification of the cDNAs was performed at
the following thermal conditions: denaturation at 94°C for
15 min, followed by 40 cycles consisting of denaturation at
94°C for 15 s, annealing at 62 °C for 60 s and DNA synthesis
at 72°C for 40 s. Reaction product specificity was controlled
with their respective melting curves. The 2724 method
was applied to measure the values of miRNA expression of
interest [32].

Statistical analysis. All statistical analyses were
performed using GenEx 6, S.A.S. release 9.4 (SAS Inc., Cary,

NC, USA), and SPSS 25 (IBM Corporation). The expression
of miRNAs in neoplastic and normal tissues was compared
by Wilcoxon’s paired test. Spearman rank correlation was
used to evaluate the correlation between expression levels of
different miRNAs. Cox proportional-hazards model was used
for analyses of overall and progression-free survival (PES).
Univariate Cox regression analysis was utilized to assess the
relationship of miRNA expression and overall survival in
the group of patients form the “The Cancer Genome Atlas”
(TCGA) database. All tested hypotheses were two-sided. The
level of significance was selected as a=0.05, therefore p-values
<0.05 were considered as statistically significant.

Results

Clinicopathological characteristics of PDAC patients.
Of 54 patients with PDAC, 27 (50%) were males and 27
(50%) were females, the age of patients ranged from 34 to
83 years, median 63 years (Table 3). Four cancers were well-
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differentiated, 27 cancers were moderately differentiated
and 23 cancers were poorly differentiated. In one patient,
the tumor originated from a mucinous cystic neoplasm
(MCN); the analyzed sample was selected to contain only the
malignant tumor. The tumor progression was classified in 4
patients pT1, in 7 patients pT2, in 41 patients pT3 and in
2 patients pT4. Lymph node metastases were discovered in
37 specimens. Perineural propagation was present in 47, and
lymphovascular invasion in 29 cases. The resection margin
was negative (RO) in 40 and positive (R1) in 14 patients
(Table 3).

Correlation of tumor histological characteristics.
Analysis of the relations of particular histomorphological
patterns of PDACs using Spearman’s correlation showed
negative correlation of tubular tumor pattern (being present
in tumors with lower grade) with solid trabecular (p<0.001)
and dissociative (p<0.001) growth patterns, high nuclear
atypia (p<0.001), and mitotic count (p<0.001). Hallmarks
of high tumor grade, which are solid trabecular and disso-
ciative growth patterns were, on the other hand, associ-
ated with higher degrees of nuclear atypia (p<0.001). High
mitotic count in PDAC was also related with nuclear atypia
(p<0.001).

Survival. Data on progression-free survival were available
in 42 patients, with a median of 13 months. Overall survival
of the entire group ranged between 1-81 months, with a
median of 19 months. Seven patients have shown no recur-
rence of the disease and have survived for 20-81 montbhs, still
being alive at the end of the follow-up period (Table 3).

Relationship of tumor parameters and patient survival.
Evaluation of the prognostic significance of the tumor stage
was limited by the number of patients. No difference in
prognosis could be demonstrated between grade 2 and grade
3 PDACs (p>0.05). The small number of grade 1 tumors (n =
4) in our group did not permit us to further characterize the
deviation in survival according to this parameter. The positive
resection margin was associated with shorter PFS (p<0.05).
Vascular invasion was significantly correlated with the poor
patient OS (p<0.05). No such relationship was apparent in
perineural invasion and lymph node status. Microscopic
tumor growth patterns, including tubular, cribriform, solid
trabecular, and dissociative, were not associated with patient
prognosis. The strongest correlation of OS and PFS was with
tumor mitotic count (p=0.093 and p=0.063). We identified
a cut-off point of 3 mitoses on 10 HPF 40x to distinguish
between patients with poor and good prognosis.

Abnormal miRNA expression in pancreatic cancers.
We observed significant overexpression of miR-21, miR-155,
and miR-210 (up to 72.62-fold, 232.36-fold, and 181.38-fold
respectively; p<0.01, Table 4) in PDACs in comparison with
adjacent normal tissues. On the other hand, miR-96 was
significantly downregulated in PDACs (-1.4-fold, p<0.01).
Expression of the miR-217 was often inhibited, up to one
hundred times and was not detected in 15 PDAC samples
(Table 4). However, we did not find any significant differ-

ences between cancer and normal tissues for the expression
levels of miR-148a and miR-196a (p>0.05, Table 4).

We detected significant positive correlation between
expression levels of different miRNAs. High levels of miR-21
correlated with high levels of the miR-155 (p=0.48, p<0.01)
and miR-210 (p=0.36, p<0.01, Table 5). Downregulation of
miR-96 correlated with miR-196a (p=0.42, p<0.01, Table 5).
Correlation between miR-155 and miR-210 (p=0.30, p<0.05)
as well as between miR-148a and miR-217 (p=0.27, p=0.048)
was significant for the 95% and insignificant for 99% confi-
dence interval (Table 5).

miRNAs expression and clinicopathological character-
istics. Comparison of miRNA expression with clinicopatho-
logical characteristics of patients disclosed positive correla-
tion of miR-210 expression with patient age (p=0.35, p<0.01;
Table 6). Expression levels of all 7 miRNAs, failed to demon-

Table 3. Clinicopathological characteristics of 54 PDAC patients.

Age (Median) 63
Gender (male/female) 27/27
Tumor grade (1/2/3) 4/27/23
Tumor stage (pT1/T2/T3/T4) 4/7141/2
Lymph node metastasis (N1/NO0) 37/16
Perineural invasion (yes/no) 4717
Lymph vessel invasion (yes/no) 29/25
Resection margin (R1/R0) 14/40
PES length (in months) 0-81
median 13

OS length (in months) 5-81
median 19

Table 4. Average miRNAs fold change values in pancreatic cancers in
comparison with normal tissues.

miRNAs expression fold change

miRNAs
Min Max Mean + SD
12.01+£14.242
miR-21 -16.12 72.62
p<0.001
-1.42+3.981
miR-96 -18.52 6.22
P<0.001
-1.63£10.762
miR-148a 42.3
-55.56 p=0.08
22.91+£38.526
miR-155 -13.16 232.36
p<0.001
0.913+5.574
miR-196a -15.38 25.9
p=0.91
15.68+28.869
miR-210 -4.0 181.38
p<0.001
. -7.45+16.537
miR-217 -100 (0%*) 15.87
p<0.001

Total number of patients 54. Data are presented as means * standard
deviation (SD). Negative fold change values indicate downregulation of the
miRNAs in cancer samples. *Expression of miR-217 was not detected in

15 PDACs. p < 0.05 is considered as statistically significant; p-values of the
Wilcoxon’s test for the significant differences are shown in bold
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strate a significant correlation with other parameters, such
as tumor stage, grade, nodal involvement, perineural and
vascular invasion (Table 6).

miRNA expression and microscopic tumor growth
patterns. Evaluation of the relationship between miRNA
expression and microscopic tumor patterns, using Spear-
man’s correlation discovered statistically significant associa-
tion of miR-148a and miR-217 expression and tubular
tumor growth pattern, characteristic for cancers of lower
grade (p=0.39, p<0.01; p=0.28, p<0.05; Table 7). miR-148a
values have shown a negative correlation with nuclear atypia
(p=-0.30, p<0.05; Table 7) and dissociative growth pattern
(p=-0.28, p<0.05; Table 7). Additionally, miR-155 level had
positive correlation with high tumor mitotic count (p=0.27,
p<0.05; Table 7).

Table 5. Correlation of expression levels between different miRNAs.

miRNA expression and patient’s survival. Analysis of a
prognostic role of the expression of tested miRNAs in PDAC
did not discover any significant evidence for OS (p>0.05,
Table 8). Correlation between miRNA levels and the duration
of PFS was also statistically insignificant for all seven selected
miRNAs (p>0.05, Table 9).

In silico survival analysis of survival of PDAC patients
from the TCGA database. “The Cancer Genome Atlas”
(TCGA) database represents miRnome of 178 pancreatic
carcinomas analyzed by Illumina seq (https://gdc.cancer.
gov, oncolnc.org), alongside with the detailed clinical patient
data. After review of the TCGA cohort, we excluded cases
of neuroendocrine carcinomas and adenocarcinomas other
than conventional PDAGC; the size of the analyzed TCGA
cohort was thus reduced to 160 patients. The relationship

miR-21 miR-96 miR-148a miR-155 miR-196a miR-210 miR-217
1 0.11 0.12 0.48 0.18 0.36 -0.04
miR-21
p=0 p=0.39 p=0.41 p<0.001 p=0.21 p<0.01 p=0.77
0.11 1 0.11 0.12 0.43 -0.004 0.02
miR-96
p=0.39 p=0 p=0.42 p=0.40 p<0.01 p=0.97 p=0.92
) 0.12 0.11 1 0.09 -0.16 0.08 0.28
miR-148a
p=0.41 p=0.42 p=0 p=0.54 p=0.26 p=0.55 p=0.048
) 0.48 0.12 0.09 1 -0.06 0.30 -0.11
miR-155
p<0.001 p=0.40 p=0.54 p=0 p=0.66 p=0.03 p=0.43
0.18 0.43 -0.16 -0.06 1 0.05 0.04
miR-196a
p=0.21 p<0.01 p=0.26 p=0 p=0 p=0.74 p=0.77
0.36 -0.004 0.08 0.30 0.05 1 -0.06
miR-210
p<0.01 p=0.97 p=0.55 p=0.03 p=0.74 p=0 p=0.69
-0.04 0.02 0.28 -0.11 0.04 -0.06 1
miR-217
p=0.77 p=0.92 p=0.048 p=0.43 p=0.77 p=0.69 p=0

Values of the Spearman rank correlation (p) for the significant differences are shown in bold. p<0.05 is considered as statistically significant (shown in bold)

Table 6. Correlation of clinicopathological characteristics with miRNAs expression levels.

Patient parameters

miRNA Lymph node Perineural Vascular Resection
Age Grade Tumor . . . . . .
metastasis invasion invasion margin
. 0.22 0.14 0.08 -0.06 0.02 0.01 -0.03
miR-21
p=0.12 p=0.33 p=0.55 p=0.63 p=0.85 p=0.92 p=0.78
. 0.03 0.003 0.14 0.22 0.07 -0.05 0.05
miR-96
p=0.80 p=0.98 p=0.31 p=0.11 p=0.62 p=0.70 p=0.71
. -0.09 -0.15 -0.006 0.12 0.05 -0.09 0.15
miR-148a
p=0.48 p=0.28 p=0.96 p=0.37 p=0.69 p=0.52 p=0.25
A 0.19 0.02 0.14 0.0243 0.16 -0.006 -0.09
miR-155
p=0.18 p=0.85 p=0.31 p=0.86 p=0.24 p=0.96 p=0.49
. 0.14 0.05 0.15 0.16 -0.08 0.02 0.19
miR-196a
p=0.31 p=0.72 p=0.29 p=0.26 p=0.53 p=0.89 p=0.14
. 0.35 0.03 0.03 0.03 0.09 -0.01 0.02
miR-210
p<0.01 p=0.82 p=0.80 p=0.81 p=0.53 p=0.89 p=0.83
. -0.24 -0.06 0.15 0.01 0.04 -0.21 0.09
miR-217
p=0.07 p=0.66 p=0.26 p=0.91 p=0.74 p=0.13 p=0.48

Values of the Spearman rank correlation (p) were used to assess the relationship of morphological tumor parameters with miRNAs expression. p<0.05 is

considered as statistically significant (shown in bold)
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of copy numbers of selected miRNAs in tumors and patient
survival was evaluated with Cox regression analysis, but
none of the selected miRNAs were related to shorter patient
OS (Supplementary Table S1, p<0.05).

Discussion

MicroRNAs are overexpressed or downregulated
in pancreatic cancer. For our analysis, we have selected
miRNAs frequently described to be deregulated in PDACs

[30, 33, 34]. Zhang et al. have demonstrated relative expres-
sion values of miRNAs spanning 6-logs (from 0.01-10,000)
among individual cases [35].

Expression levels of miR-21 are increased in PDAC
and vary greatly in individual studies [30, 33, 36, 37]. For
example, Bloomston et al. measured with microarray a
median 2.2-fold increase in FFPE tumor samples [30], and
Zhang et al. detected an upregulated expression of miR-21
up to 6888-fold in several tumors using RT-qPCR arrays
[35]. In our study, a mean 12.01-fold increase of miR-21 was

Table 7. Correlation of microscopic tumor growth patterns, nuclear atypia and mitotic activity with miRNAs expression levels.

miRNAs
Tumor parameters - - - - - - -
miR-21 miR-96 miR-148a miR-155 miR-196a miR-210 miR-217
-0.06 0.20 0.39 -0.18 0.07 -0.17 0.28
Tubular pattern
p=0.64 p=0.14 p<0.01 p=0.18 p=0.56 p=0.21 p=0.03
_ -0.003 0.049 0.010 0.06 -0.07 0.16 -0.07
Cribriform pattern
p=0.98 p=0.72 p=0.93 p=0.63 p=0.60 p=0.23 p=0.60
. 0.027 -0.09 -0.21 0.15 -0.06 -0.01 -0.10
Solid trabecular
p=0.84 p=0.49 p=0.12 p=0.26 p=0.65 p=0.92 p=0.44
. . -0.04 -0.08 -0.28 0.03 -0.05 0.01 -0.11
Dissociative pattern
p=0.74 p=0.55 p=0.033 p=0.77 p=0.67 p=0.93 p=0.41
0.158 0.051 -0.005 0.17 0.09 0.19 -0.15
Clear cell pattern
p=0.25 p=0.70 p=0.9 p=0.21 p=0.47 p=0.14 p=0.27
. 0.09 -0.038 -0.30 0.11 -0.05 0.04 -0.01
Nuclear atypia
p=0.50 p=0.78 p=0.02 p=0.40 p=0.71 p=0.75 p=0.89
S 0.18 -0.16 -0.10 0.27 -0.01 0.08 -0.24
Mitotic activity
p=0.16 p=0.22 p=0.45 p=0.046 p=0.89 p=0.54 p=0.07

Values of the Spearman rank correlation (p) were used to assess the relationship of morphological tumor parameters with miRNAs expression. p<0.05 is

considered as statistically significant (shown in bold)

Table 8. Overall survival and miRNAs expression levels in PDAC patients.

miRNA Para}meter Standard Chi-Square p-value Haza}rd 95% Hazard I‘{at‘io
Estimate Error Ratio Confidence Limits
miR-21 0.004 0.01 0.156 0.69 1.004 0.984 1.025
miR-96 0.023 0.143 0.026 0.87 1.023 0.772 1.356
miR-148a 0.003 0.022 0.023 0.87 1.003 0.961 1.048
miR-155 0.002 0.004 0.556 0.45 1.003 0.995 1.011
miR-196a -0.017 0.045 0.147 0.70 0.983 0.899 1.074
miR-210 0.004 0.005 0.699 0.40 1.004 0.994 1.014
miR-217 0.07 0.08 0.776 0.37 1.073 0.917 1.255

Cox proportional-hazards model was utilized to estimate prognostic functions of miRNAs. p<0.05 is considered as statistically significant.

Table 9. Progression-free survival and miRNAs expression levels in PDAC patients.

miRNA Para'meter Standard Chi-Square p-value Haze}rd 95% Hazard I‘{at'io
Estimate Error Ratio Confidence Limits
miR-21 0.007 0.009 0.502 0.47 1.007 0.988 1.027
miR-96 0.014 0.131 0.011 0.91 1.014 0.783 1.313
miR-148a 0.046 0.024 3.605 0.06 1.047 0.999 1.099
miR-155 0.003 0.003 0.991 0.31 1.004 0.997 1.011
miR-196a -0.029 0.043 0.440 0.50 0.971 0.892 1.058
miR-210 0.005 0.004 1.527 0.21 1.006 0.997 1.015
miR-217 0.047 0.076 0.387 0.53 1.049 0.903 1.218

Cox proportional hazards model was used to estimate prognostic functions of miRNAs. p<0.05 is considered as statistically significant.
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observed and a maximum 72-fold elevation was present in
tumors (Table 4).

The data about miR-96 expression in PDAC are contro-
versial. This miRNA has been shown to be downregu-
lated in several studies performed on FFPE tumor samples
utilizing microarrays and RT-qPCR [19, 33, 38-40]. On the
other hand, Bloomston et al. measured an average 1.77-fold
increase, when determining miR-96 levels in PDACs [30].
Kent et al. also demonstrated 2.7-fold upregulation of miR-96
in pancreatic cancer cell lines using custom microarrays [38].
We found that miR-96 expression was significantly downreg-
ulated in cancers in comparison with normal tissues (up to
-18-fold, mean was -1.42-fold, p<0.01, Table 4).

A decrease of miR-148a levels has been consistently identi-
fied in PDAC tissue samples, across several studies analyzing
FFPE tumor tissues with microarrays and RT-qPCR [19, 30,
41]. In contrast with the cited literature, we found slightly
decreased miR-148a mean level in tumors (-1.63-fold), but
insignificantly in comparison with normal tissues (p>0.05,
Table 4). However, this miRNA was inhibited, up to -55-fold,
in several PDACs (Table 4).

Overexpression of miR-155 in paraffin-embedded PDAC
samples and pancreatic cancer cell lines, measured by micro-
arrays and RT-qPCR, ranged from 1.8 to 2.9-fold in different
studies [35, 42, 43]. Zhang et al. reported up to a 52-fold
increase in individual cases [35]. In our group of samples, a
mean 22.9-fold increase was present (p>0.05, Table 4).

Abnormalities in miR-196a expression have been
described in pancreatic cancer and in other malignancies
as well [34, 35, 44, 45]. Wang et al. detected with RT-qPCR
16.05-fold increase in plasma samples of patients with PDAC
[34]. Additionally, Xu et al. discovered with RT-qPCR a
significant increase of miR-196a in plasma exosomes of
PDAC patients in comparison with healthy controls [46]. In
our group of PDAC patients, we determined a great varia-
tion of miR-196a expression, from -15-fold up to 25.9-fold
in different tumors (Table 4). On the other hand, we did not
find significant differences in miR-196a expression between
cancer and normal tissues (mean was 0.913-fold, p>0.05;
Table 4).

Elevation in miR-210 levels have been consistently
described across several studies performed on frozen and
FFPE tumor tissues with microarrays and RT-qPCR [19,
27]. Greither et al. detected up to a 39.9-fold increase in
snap-frozen surgical resection specimens [27]. Wang et al.
reported about a 2-28-fold elevation in miR-210 plasma
levels in PDAC patients [34]. In our study, we observed up
to a 181-fold increase of miR-210 expression in PDACs in
comparison with normal tissues (mean 15.68-fold, p<0.01;
Table 4).

Downregulation of miR-217 is a frequently described
phenomenon in PDACs. Greither et al. determined only
a mean a —2-fold decrease of miR-217 expression in snap-
frozen tumor samples [27]. In FFPE tumor tissues, Ma et al.
demonstrated —3.91-fold decrease [47], Szafranska et al. have

shown downregulation up to -10-fold as well [19]. Hong et
al. found significant (up to -62.5-fold) downregulation of
miR-217 expression of in fine needle aspirates from PDACs
[33]. In our samples, miR-217 expression was significantly
downregulated, with up to-100-fold decrease. Additionally,
this miRNA was not detected in 15 PDACs (p<0.01, Table 4).

Besides identifying abnormalities in the expression
of single miRNAs, we have also discovered a positive
correlation between high expression levels of the three
oncomiRNAs: miR-21, miR-155a, and miR-210 (Table 5).
Acting together, these miRNAs may promote cancer devel-
opment and progression [48-51]. Moreover, a positive
correlation was detected for the downregulation of tumor
suppressing miRNAs miR-148a and miR-217 (Table 5). Both
of them inhibit cell proliferation [52, 53], therefore it may
be necessary to deactivate them in tumors for successful
cancerogenesis. Additionally, a positive correlation was
detected for the downregulation of miR-96 and upregula-
tion of miR-196a (Table 5). miR-96 is an inhibitor of KRAS,
limiting tumor cells proliferation [39, 40, 54], but miR-196a
is oncomiR and it acts quite opposite, preventing apoptosis
[55], promoting cell proliferation, and migration [48].
Accordingly, the downregulation of miR-96 and upregula-
tion of miR-196a look like a necessary condition for tumor
survival and development.

Thus, we observed that selected miRNAs were abnor-
mally up- or downregulated in pancreatic cancers. Five of
seven selected miRNAs demonstrated significant differences
in expression levels in tumors in comparison with adjacent
normal tissues (Table 4). Therefore, differential miRNAs
expression may be a very sensitive tool for pancreatic cancer
diagnostics.

Correlation of clinicopathological features of tumors
with microRNA expression. In surgical resection speci-
mens, the relationship of abnormal miRNA expression
with tumor morphology and progression has been inves-
tigated less frequently, compared with miRNA diagnostic
and prognostic utility. Additionally, the conclusions are
inconsistent in different publications. Jamieson et al. have
demonstrated elevated expression of miR-21, miR-146a,
and decreased expression of miR-628 to be linked to tumor
grade, stage, and lymph node status in FFPE tumor samples
investigated with RT-qPCR [23]. Frampton et al. [56] and
Giovanetti et al. [57], on the other hand, found in formalin
fixed PDAC tissue samples statistically significant associa-
tion only between elevated miR-21 levels and tumor grade,
but not with other clinicopathological parameters. Dillhoff
et al. couldn’t identify with in situ hybridization in FFPE
tumor samples any correlation of miR-21 expression with
tumor size, differentiation, nodal status, or tumor stage
[58]. Deng et al. demonstrated in snap-frozen and FFPE
samples of a group of 54 PDAC patients positive correlation
of downregulated miR-217 with progressed tumor stage,
lymphatic invasion, vascular infiltration, and distant metas-
tasis [29]. Schultz et al., in microdissected FFPE tumor
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samples in a group of 170 PDAC patients, could not identify
a reliable miRNA profile to categorize patients according to
tumor stage and lymph node status [59].In our cases, we
haven’t detected a significant correlation of miRNA expres-
sion with tumor progression, grade, perineural, vascular
invasion, and lymph node status. A positive association
was, however, discovered between patient age and miR-210
levels (Table 6). This finding could be in part related to
the proposed role of miR-210 in cellular senescence [60].
Further investigation is, therefore warranted to analyze the
potential of miRNA signatures in predicting the extent of
tumor progression.

Prognostic role of miRNAs expression profiles for
PDAC patient’s overall and progression-free survival.
The only clinically available biomarker capable of assessing
the prognosis of PDAC patients is CA19-9, yet its utility is
limited by non-specific positivity and false negativity in
multiple neoplastic and non-neoplastic diseases [61]. There
is increasing evidence that miRNA expression profiles could
have the potential to provide tumor-specific prognostic
information. Several recent works have reported associations
between microRNA expression and overall survival in PDAC
patients [22, 57, 62, 63].

Among the dysregulated miRNAs in PDAC, miR-21 has
been the most widely studied potential prognostic factor.
This oncomiRNA has also been proposed as a marker for
patient survival in a large number of other malignancies
[64]. Several meta-analyses, assessing more than 20 articles,
published from 2007 to 2016, including more than 2000
PDAC cases [22, 62-65], have postulated that high miR-21
expression, detected with microarrays and RT-qPCR in
tumor tissue samples procured from surgical specimens,
is consistently linked to the poor OS and PFES. Similarly,
Karasek et al. described the association of poor patient
OS and elevated plasma levels of miR-21 detected with
RT-qPCR [66]. The literature is, however, not in total agree-
ment regarding the prognostic role of miR-21. Schultz et al.
and Calatayud et al. did not find any significant correlation
between miR-21 expression, measured with RT-qPCR arrays
on FFPE material, and OS in their groups of 165 and 277
PDAC patients [59, 67]. Worse PES was observed by Khan
et al. in patients with the inoperable PDAC with elevated
plasma miR-21 detected with digital droplet PCR, but no
association of circulating miR-21 levels with OS was detected
[68]. Moreover, there is disagreement in the literature over
the significance of miR-21 overexpression in the cancer
cells or in tumor-associated fibroblasts for patient survival.
Donahue et al. described worse OS in patients receiving
5-fluorouracil chemotherapy with elevated miR-21 expres-
sion in cancer-associated fibroblasts detected with in situ
hybridization, but not in patients treated with gemcitabine
[69]. Kadera et al. identified through in situ hybridization
that only elevated miR-21 expression in tumor-associated
fibroblasts was linked with poor prognosis and lymph node
metastases. On the other hand, miR-21 expression in tumor

cells had no effect on survival [70]. Giovanetti et al. detected,
however, significantly higher mir-21 levels in microdissected
tumor cells, correlating with shorter OS [57].

The role of miR-96 expression levels in patient prognosis
has not been analyzed extensively. Only one group demon-
strated that downregulated expression of miR-96-5p in FFPE
tumor samples measured with RT-qPCR was associated with
a decreased overall survival in patients with PDAC [71].

The value of miR-148a as a prognostic marker for PDAC
has also been assessed to a limited degree, with controver-
sial conclusions. Schultz et al. identified in FFPE PDAC
samples, utilizing RT-qPCR arrays, low miR-148a expression
as a predictor of short OS [59]. On the other hand, in FFPE
samples from a group of 78 PDAC patients, miR-148 expres-
sion levels, quantified with RT-qPCR, were not statistically
significant with regards to overall survival [47].

Overexpression of miRNAs miR-155, miR-196a, and
miR-210 detected in microarrays and with RT-qPCR
performed on frozen and FPPE tumor samples has been
observed in pancreatic cancer patients who had a poor
overall survival rate [27, 30]. These findings were confirmed
with RT-qPCR by Papaconstantinou et al. and Ma et al. for
miR-155 in operatively collected FFPE tumor samples [25,
47]; as well as by Greither et al. for miR-155 and miR-210 in
microdissected snap-frozen tumor samples [27]. Mikamori
et al. showed that both OS and DFS were significantly
shorter in the high miR-155 expression group of microdis-
sected FFPE pancreatic cancer samples [26]. Bloomston et
al. have linked high miR-196a in FFPE samples from PDAC,
measured with microarrays, with shorter OS [30]. Kong et al.
also reported the correlation of elevated miR-196a measured
with RT-qPCR in blood sera of PDAC patients with poor
survival and advanced disease stage [24]. Yu et al. analyzed
plasma levels of miR-196a and miR-210 with RT-qPCR in a
cohort of 31 PDAC patients. High miR-196a expression was
associated with poor OS, whereas high miR-210 expression
was significantly associated with improved survival [28].

The effect of miR-217 expression levels on patient prognosis
has been evaluated only by Ma et al. and Vychytilova et al.,
investigating FFPE tumor samples utilizing RT-qPCR. In
these studies, no association of miR-217 expression with OS
and PFS was described [47, 72].

In our study, we could not confirm any significant
prognostic value of the seven selected miRNAs, neither for
OS nor for PFS (Table 8 and 9).

Several studies have examined in silico the RNA sequencing
data of pancreatic cancers from the TCGA database, in order
to select miRNAs predicting survival length [73-76]. These
publications are also not in agreement about the panels of
predictive miRNAs for patient OS, which varied significantly
in composition (Supplementary Table S2). The miR-21 was
determined as significant for patient prognosis in only one
of the studies [73]. miR-196a expression was identified as
significant for predicting survival in univariate Cox regres-
sion analysis in one study but this miRNA was insignificant
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for OS in the multivariate analysis in a combination with
another miRNAs [75]. We also analyzed the cohort of 160
PDAC patients from this database [77] but none of the
selected miRNAs were related to shorter patient OS (Supple-
mentary Table S1). Discrepancies in selected prognostic
miRNAs may be due to differences in study design and statis-
tical data analysis.

The data about the prognostic role of miRNAs expres-
sion in PDACs are insufficient and debatable. The number
of performed studies is low; as such bias introduced by the
composition and ethnicity of the patient cohort may be
regarded as a significant source of variability [65, 78]. The
choice of different PDAC samples types, including frozen
and FFPE tumor tissues from surgical resection specimens,
plasma, or blood serum, each requiring different technical
approaches during measurement of miRNA expression,
can potentially decrease the comparability of results across
studies [79-81]. miRNA yields can also be influenced by the
length of storage in fixative agents and by the choice of isola-
tion methods [79, 82]. In retrospective studies, the storage
time of archived FFPE samples may also influence the
results due to a gradual decrease in global miRNA yield and
selective degradation of individual miRNAs [79, 83]. The
utilization of microdissection in tissue samples could alter
the results by excluding miRNAs from tumor-associated
fibroblasts [57]. The different analytical methods utilized for
quantification of miRNA expression may be an additional
source of variability. The comparison of 12 commercially
available platforms based on RT-qPCR, microarrays, and
RNA seq demonstrated significant differences in the profile
of detected miRNAs [84]. The choice of normalization can
also significantly alter the detected values of miRNA expres-
sion in RT-qPCR [31].

In conclusion, we could not confirm the predictive
function of our selected miRNAs, miR-21, miR-96, miR-148a,
miR-155, miR-196a, miR-210, and miR-217 for OS and PES
in PDAC patients. The values of miRNA expression showed,
however, significant variability among individual studies.
Levels of detected miRNAs can be influenced by several
factors, including manipulation with samples, choice of
miRNA isolation protocols, detection methods, and normal-
ization. These factors limit the comparability of miRNA
expression results across the literature. Thus, further large-
scale studies under standardized sample procurement and
analysis protocols are needed to validate, whether miRNAs
could serve as prognostic biomarkers for PDAC in the
clinical setting.

Supplementary information is available in the online version
of the paper.
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