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Abstract. Pancreatic ductal adenocarcinoma (PDAC) is a 
devastating malignant disease with a poor prognosis. PDAC 
is known to be difficult to diagnose at an early stage and to 
exhibit poor recurrence‑free prognosis, but there is also a lack 
of effective treatment and limited knowledge of its biological 
characteristics. Therefore, there is an urgent requirement for 
an improved understanding of the cellular or molecular prop-
erties associated with PDAC, and to explore novel avenues 
for the diagnosis and treatment of this disease. In the present 
study, the microRNA (miRNA/miR) profiles of sera and 
tumor samples from patients with PDAC and healthy controls 
were investigated by miRNA microarray, and the potential 
role of miR‑1 expression in PDAC was determined. A total 
of 43 patients attending the clinic diagnosed with PDAC at 
Changzhi City People's Hospital were invited to participate. 
Blood and surgical tumor samples were obtained for analysis 
by miRNA microarray and the reverse transcription‑quanti-
tative polymerase chain reaction (RT‑qPCR). The surgical 
tumor tissue was additionally used to determine miRNAs 
status by in situ hybridization (ISH). The results of microarray 
revealed that: i) 27 miRNAs in the sera and 23 miRNAs in 
the tumor tissues obtained from patients with PDAC were 
different compared with their matched controls; ii) miR‑1, 
miR‑10b and miR‑214 were significantly altered in the PDAC 
group, either in the sera or tumor tissue samples. Results 
from the RT‑qPCR, which detected the levels of miRNAs 
in patients with PDAC, confirmed those obtained from the 
miRNA microarray. In particular, the results of the present 
study revealed that decreased miR‑1 and increased miR‑214 in 
the PDAC tissues were associated with the clinicopathological 
features and survival rates of patients with PDAC. The results 
of the present study indicated that miRNAs serve an important 

role in PDAC carcinogenic progression and supplied useful 
markers, including miR‑1, miR‑214 and miR‑10b, for deter-
mining PDAC prognosis using noninvasive methods.

Introduction

Pancreatic cancer (PCC) is a highly malignant tumor that has 
a high rate of metastasis (1,2). In the United States of America, 
PCC is one of the major causes of human mortality (1). In the 
USA, the total number of mortalities due to PCC are projected 
to increase markedly, and become the second leading cause of 
cancer‑associated mortalities before 2030 (2). Among various 
types of PCC, pancreatic ductal adenocarcinoma (PDAC) 
accounts for >90% of all pancreatic tumors. PDAC is a devas-
tating and malignant disease with a poor prognosis, which is 
demonstrated through its 1‑year survival rate of ~18% for all 
stages of the disease (3,4). In 2012 alone, PDAC resulted in 
33,000 mortalities globally. Even in regions of the world with 
the best healthcare, only a minority of patients receive timely 
and prompt treatment, with a 5‑year survival rate of <22%, 
and incidence is expected to rise with an aging population (5). 
PDAC is known for being difficult to diagnose at an early 
stage and it exhibits poor recurrence‑free prognosis, but there 
is also a lack of effective treatment and limited knowledge of 
its biological characteristics (6,7). Therefore, there is an urgent 
requirement for improved understanding of the cellular or 
molecular properties associated with PDAC, and to explore 
novel avenues of diagnosis and treatment of this disease (8,9).

ΜicroRNAs (miRNAs/miR) are involved in the inhibition 
of the translation and promotion of the degradation of their 
targeted mRNAs through binding to the 3' untranslated region 
(UTR). It also been demonstrated that miRNAs may act either 
as an oncogenic factor or suppressor during the development 
and progression of cancer tissues (10). Previous studies have 
suggested that miRNAs serve essential roles in tumor cell 
biological processes, including cell proliferation, differentia-
tion, migration and invasion (11,12). Previously, studies have 
also demonstrated that certain miRNAs are highly expressed 
in tumor tissues, whereas others are downregulated in tumor 
tissues (13,14). These results suggest that alterations in the 
miRNA expression profiles of cancer tissues in comparison 
with normal tissues may be used in PCC diagnostics. There is 
an urgent requirement for novel and reliable biomarkers for the 
diagnosis and prognosis of PDAC. Circulating miRNAs have 
been extensively profiled in PDAC blood samples, but only a 
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limited number of studies have performed adequate validation 
of candidate markers (15). In particular, the expression levels 
of miRNAs in the sera of patients with PDAC are unclear, and 
whether their alterations are associated with the severity and 
clinical outcome of PDAC are unknown.

The present study investigated the association between the 
expression status of miRNAs and carcinogenic progression in 
patients with PDAC. The miRNA profiles of sera and tumor 
tissues from patients with and without PDAC were explored 
using miRNA microarray analysis, and the possible roles of 
abnormal expression of miRNAs in PDAC were determined. 
A total of 43 patients attending the clinic in the Changzhi City 
People's Hospital (Changzhi, China) were invited to participate. 
Individual patients with PDAC were diagnosed using patho-
logical examination by two independent pathologists. Among 
them, 7 patients were enrolled in the miRNA microarray 
analysis. To confirm the results of the miRNA microarray, 
the blood and surgical tumor samples of 43 patients were also 
obtained for reverse transcription‑quantitative polymerase 
chain reaction analysis. The status of abnormal miRNAs 
expression in the tumor samples were also determined using 
in situ hybridization. The association between the expression 
status of the miRNAs and the clinicopathological features of 
PDAC was also analyzed.

Materials and methods

Study ethics. The present study complied with the International 
Ethical Declaration and was approved by the Human Ethics 
Committee and the Research Ethics Committee of Shanxi 
Province of China. Through the surgical consent form, patients 
were informed that the resected specimens were retained 
by the Changzhi City People's Hospital and may be used for 
scientific study, and that their privacy would be maintained.

Patients. The present study enrolled 43 patients (22 males 
and 23 females) attending the clinic in the Changzhi City 
People's Hospital, between February 2009 and January 2011. 
The patients ranged in age from 39 to 76 years, with a median 
age of 55 years. The median follow‑up time was 60.2 months 
(mean ± standard deviation, 60.2±2.36 months). No patients 
had received surgery or chemotherapy prior to the present 
study. The specimens were histopathologically verified as 
PDAC by two senior independent pathologists. Subsequently, 
the tumor samples and matched normal adjacent tissues, which 
were removed at least 0.5 cm distal to tumor margins, were 
obtained (16).

The biopsy samples were divided into two sections imme-
diately following surgery. One fragment was immediately 
stored at ‑80˚C until nucleic acid isolation. In total, 7 randomly 
selected samples, and the matched sera samples, were prepared 
for miRNA microarray analysis. The remaining 36 samples 
were prepared for miRNA detection. The second remaining 
section of the 43 patients was fixed in 4% formaldehyde for 
2 days and paraffin‑embedded for in situ hybridization (ISH) 
examination. Formalin‑fixed, paraffin‑embedded tissues were 
sectioned (5 µm) as described previously (17), and stained with 
hematoxylin and eosin (H&E) per the manufacturer's protocol 
(Hematoxylin & Eosin Staining kit, cat. no. C0105; Beyotime 
Institute of Biotechnology, Haimen, China). PDAC were 

classified according to histopathologic criteria as described 
previously (18).

In addition, 51 age‑ and sex‑matched individuals from a 
large pool of individuals seeking a routine health checkup at 
the Changzhi City People's Hospital and exhibited no evidence 
of disease were recruited and served as the healthy control. 
They were processed for sera sample collection and the subse-
quent miRNA detection. Among them, 7 individuals were 
randomly selected as the normal controls for sera analysis 
using miRNA microarray.

RNA preparation and miRNA microarray. Following careful 
rinsing in ice‑cold PBS, the sera or tissues were homogenized 
on ice in TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). Total RNA was isolated using TRIzol® 
and a miRNeasy mini kit (Qiagen GmbH, Hilden, Germany) 
according to the manufacturer's protocol, which efficiently 
recovered all RNA species, including miRNAs. RNA quality 
and quantity was measured using a Nanodrop spectropho-
tometer (ND‑1000; Nanodrop Technologies; Thermo Fisher 
Scientific, Inc.) and RNA integrity was determined by gel 
electrophoresis as described previously (19).

To detect miRNAs, 100 ng RNA was labeled and hybrid-
ized using the Human microRNA Microarray kit (release 12.0) 
(Agilent Technologies, Inc., Santa Clara, CA, USA) according 
to the manufacturer's protocol. Agilent microRNA microarrays 
(version 1.0) were employed for the analysis. Hybridization 
signals were detected using an Agilent DNA microarray 
scanner (G2505B; Agilent Technologies, Inc.) and the scanned 
images were analyzed using Agilent Feature Extraction 
software (version 10.10.1.1; Agilent Technologies, Inc.). All 
data were deposited in the National Center for Biotechnology 
Information Gene Expression Omnibus (GEO) and are acces-
sible through GEO Series accession number GSE57555.

Sera sample preparation. The sera samples of patients with 
PDAC and the healthy controls were collected within 24 h 
following definite diagnosis and were processed immediately 
following collection. The sera were separated by centrifuga-
tion at 3,000 x g for 15 min at 4˚C, and then stored at ‑80˚C 
until analysis.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from sera and tissue samples was 
prepared using TRIzol® and miRNeasy mini kit (Qiagen 
GmbH) according to the manufacturer's protocol. cDNA 
was synthesized from total RNA using gene‑specific primers 
from the TaqMan MicroRNA assay kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. qPCR of the miRNA was performed using 
an Applied Biosystems 7300 Sequence Detection system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 10 µl 
PCR volume contained 0.67 µl reverse transcription product, 
1X TaqMan Universal PCR master mix, and 1 µl of the primer 
and probe mixture, according to the TaqMan MicroRNA assay 
protocol. The threshold cycle data were determined using 
default threshold settings, according to the manufacturer's 
protocol. The threshold cycle was defined as the fractional 
cycle number at which the fluorescence exceeded the fixed 
threshold (20,21).
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ISH. MicroRNA ISH Buffer and Controls kit (Exiqon A/S, 
Vedbaek, Denmark) were used for ISH in the present study, 
according to the manufacturer's protocol. The ISH detec-
tion of miR‑1, miR‑10b and miR‑214 in tumor tissues were 
performed as described previously (22). Briefly, formalin‑fixed 
paraffin‑embedded PDAC tissues were cut into 4‑µm sections 
and deparaffinized (23). The probes for miR‑1, miR‑10b and 
miR‑214 used in the present study were complementary to 
human mature miR‑1, miR‑10b and miR‑214, respectively. For 
signal detection, anti‑digoxigenin‑alkaline phosphatase Fab 
fragments (1:800; Roche Applied Science, Penzburg, Germany; 
Roche Diagnostics Gmbh, Mannheim, Germany) were used 
as the primary antibody, and the slides were incubated with 

nitro blue tetrazolium/5‑bromo‑4‑chloroindol‑3‑yl‑phosphate 
solution (Roche Applied Science; Roche Diagnostics GmbH). 
Counterstaining was performed by Nuclear Fast Red (Chroma 
ATE Inc., Stuttgart, Germany).

Statistical analysis. Values are presented as the mean ± stan-
dard error of the mean. Differences between groups were 
tested using a repeated‑measure analysis of variance and post 
hoc test (least significant difference test or Dunnett's T3). 
Unpaired t‑tests were used to compare baseline differences 
between groups. Associations between miRNAs expression 
(ISH staining) and other clinicopathological factors of the 
tumor were assessed using the two‑sided Fisher's exact test for 

Figure 1. miRNA analysis of sera and tumor samples between PDAC and healthy controls. The heat‑map identifiesthe significant differentially expressed 
miRNAs. miRNA expression in paired sera of patients with PDAC with healthy controls and tumor tissuesfrom patients with PDAC with the adjacent normal 
tissues were profiled. Red and green colors represent high and low expression, respectively. (A) Sera. (B) Tumor. miR, microRNA; PDAC, pancreatic ductal 
adenocarcinoma; hsa, Homo sapiens.
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categorical variables, and a χ2 test was used to compare ordinal 
variables. The grading‑associated data were analyzed using a 
Spearman's test. P≤0.05 was considered to indicate a statisti-
cally significant difference, unless otherwise indicated. All 
analyses were performed using SPSS software (version 19.0; 
IBM Corp., Armonk, NY, USA).

Results

Different miRNA expression profiles in patients with PDAC. 
A fold change threshold of ≥2.0 was used to identify differ-
entially expressed miRNA between the two groups. In the 
sera from two groups, the expression levels of 27 miRNAs 
were different between patients with PDAC and healthy 
controls, in which 14 miRNAs were upregulated [Homo 
sapiens (hsa)‑miR‑214, hsa‑miR‑432, hsa‑miR‑875‑5p, 
hsa‑miR‑760, hsa‑miR‑526b, hsa‑miR‑10b, hsa‑miR‑801, 
hsa‑miR‑571, hsa‑miR‑302b, hsa‑miR‑378, hsa‑miR‑135a, 
hsa‑miR‑520c‑3p, hsa‑miR‑29c and hsa‑miR‑923], and 13 
miRNAs were downregulated (hsa‑miR‑301b, hsa‑miR‑185, 
hsa‑miR‑144, hsa‑miR‑124, hsa‑miR‑30e, hsa‑miR‑200a, 
hsa‑miR‑141, hsa‑miR‑219‑5p, hsa‑miR‑106b, hsa‑miR‑1, 
hsa‑miR‑23b, hsa‑miR‑186 and hsa‑miR‑142‑5p; Fig. 1A). In 
tumor tissues obtained from the two groups, the expression 
levels of 23 miRNAs were different between PDAC tissues 
and adjacent normal controls, in which 12 miRNAs were 
upregulated (hsa‑miR‑10b, hsa‑miR‑575, hsa‑miR‑159a, 
hsa‑miR‑644, hsa‑miR‑581, hsa‑miR‑637, hsa‑miR‑935, 
hsa‑miR‑98, hsa‑miR‑513‑3p, hsa‑miR‑518e, hsa‑miR‑382 
and hsa‑miR‑214), and 11 miRNAs were downregulated 
(hsa‑miR‑1, hsa‑miR‑19a, hsa‑miR‑381, hsa‑miR‑93, 
hsa‑miR‑593‑3p, hsa‑miR‑17, hsa‑miR‑101, hsa‑miR‑23a, 
hsa‑miR‑214, hsa‑miR‑653 and hsa‑miR‑519d; Fig.  1B). 
The present study focused on miR‑1, miR‑10b and miR‑214, 
which were different in sera and in tumor samples between 
the PDAC and control groups (Fig. 2).

Quantification analysis of miRNAs. RT‑qPCR methods were 
utilized to verify the microarray results. The expression of 
miR‑1, miR‑10b and miR‑214 were detected in sera (from 
43 patients with PDAC and 51 controls) and tumor tissues 
(from 43  patients with PDAC and the matched adjacent 
controls). The results demonstrated that, compared with that 
of healthy controls, miR‑1 was decreased significantly in the 
sera from PDAC group (Fig. 3A; P<0.05). When compared 
with that of the matched normal adjacent tissues, the levels of 
miR‑1 were also decreased in the tumor tissues from the PDAC 
group (Fig. 3A; P<0.05). The quantitative analysis of miR‑10b 
and miR‑214 additionally confirmed that these miRs were 
upregulated in sera and tumor samples, respectively, between 
the PDAC and control tissues (Fig. 3B and C; P<0.05).

Abnormal expression of miR‑1 associated with PDAC. miR‑1, 
miR‑10b and miR‑214 RNA signals were detected in the tumor 
tissues of PDAC cells using ISH, and the cases that exhibited 
>10% of the positive carcinoma cells were considered positive 
for miRNA ISH status in the present study (22). ISH detec-
tion demonstrated the positive staining of miR‑1, miR‑10b and 
miR‑214 in normal adjacent (Fig. 4A‑C) and PDAC tissues 
(Fig. 4D‑F). The results demonstrated positive staining of 

miR‑1 (Fig. 4A and D), miR‑10b (Fig. 4B and E) and miR‑214 
(Fig. 4C and F) in the cytoplasm of PDAC tumor cells.

Figure 2. Differential miRNAs between PDAC and control samples. (A) Sera 
samples. (B) Tumor samples. The diagram demonstrates that among the differ-
ential miRNAs between the pancreatic ductal adenocarcinoma and control 
groups, miR‑1, miR‑10b and miR‑214 were different either in the sera or in 
the tumor tissue samples. miR, microRNA; PDAC, pancreatic ductal adeno-
carcinoma.

Figure 3. miRNA expression as detected using RT‑qPCR. Expression levels 
of (A) miR‑1, (B) miR‑10b and (C) miR‑214 in sera and tumor samples from 
patients with PDAC and controls were estimated by RT‑qPCR. Results are 
presented as the mean ± standard error of the mean. *P<0.05 vs. control. 
RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; 
miR, microRNA; PDAC, pancreatic ductal adenocarcinoma.
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Spearman's analysis indicated that negative ISH miR‑1 
status was correlated with the tumor size (r=0.661, P<0.01), 
lymph node metastasis (r=0.399, P<0.05) and the pathological 
tumor node metastasis (pTNM) stages (24) (r=0.327, P<0.05) in 
these 43 cancer samples (Table I). Within a period of 60 months 
(5 years) follow‑up, 10 PDAC‑associated mortalities occurred, 
all of which were of patients with miR‑1‑negative tumors. The 
60‑month survival rate of pTNM stage 1 was >92%, whereas it 
was <10% in patients with pTNM stage III‑IV. Kaplan‑Meier 
estimator analysis of the overall survival rate based on tissue 
miR‑1 expression in the patients with a follow‑up period of 
60 months (Fig. 5). In the entire cohort, the overall survival 
rate of patients with miR‑1‑positive tumors was significantly 
increased compared with that of those with miR‑1‑negative 
tumors (82.53 vs. 23.25%; log‑rank test: χ2=21.63, P=0.00005; 
Fig. 5A).

The results also demonstrated that the positive ISH 
staining of miR‑214 was correlated with the tumor size 
(r=0.601, P<0.01), histological grade (r=0.407, P<0.01), lymph 
node metastasis (r=0.532, P<0.01) and pTNM stages (r=0.327, 
P<0.05) in the 43 tumor cases. Additionally, the overall 
survival rate of patients with miR‑214‑negative tumors was 
increased compared with that of those with miR‑214‑positive 
tumors (78.99 vs. 34.86%; log‑rank test: χ2=11.09, P=0.00061; 
Table II). miR‑10b staining was not observed to be correlated 
with the lymph node metastasis, the pTNM stages or the 5‑year 
survival rate in the present study (data not shown).

Discussion

The results of the present study revealed expressional 
differential in miRNA profiles between healthy controls and 
patients with PDAC, either in sera or in tumor samples. In sera 
from the groups of patients with PDAC, expression levels of 
27 miRNAs were different compared with healthy controls, in 

which 14 miRNAs were upregulated and another 13 miRNAs 
were downregulated. In tumor tissue obtained from patients 

Figure 4. ISH positive staining of miR‑1, miR‑10b and miR‑214 in PDAC and normal adjacent tissues. (A) ISH staining of miR‑1 in normal tissue. (B) ISH 
staining of miR‑10b innormal tissue. (C) ISH staining of miR‑214 in normal tissue. (D) ISH staining of miR‑1 in PDAC tissue. (E) ISH staining of miR‑10b in 
PDAC tissue. (F) ISH staining of miR‑214 in PDAC tissue. ISH signaling for miR‑1 was observed to be weak in PDAC tissues, but marked in normal adjacent 
tissues. There was marked positive staining for miR‑10b and miR‑214 in PDAC tissues compared with that in normal adjacent tissues. Magnification, x400. 
ISH, in situ hybridization; miR, microRNA; PDAC, pancreatic ductal adenocarcinoma.

Figure 5. Survival curves (5‑year) of patients with PDAC with miR‑1 and 
miR‑214 ISH status. (A) Patients with PDAC who were negative for miR‑1, 
as determined by ISH, demonstrated significantly poorer 5‑year survival 
compared with those with positive ISH results (*P<0.05 vs. miR‑1 positive 
samples). (B) Patients with miR‑214‑positive ISH signaling exhibited signifi-
cantly poorer survival compared with those with negative ISH signaling 
(*P<0.05 vs. miR‑214 negative samples). ISH, in situ hybridization; miR, 
microRNA; PDAC, pancreatic ductal adenocarcinoma.
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with PDAC, the expression levels of 23 miRNAs were different 
from the adjacent normal tissues, in which 12 miRNAs were 

upregulated and the remaining 11 miRNAs were downregu-
lated. In particular, the results of microarray analysis revealed 

Table I. Correlation between miR‑1 status detected by ISH in pancreatic ductal adenocarcinoma tissue and clinicopathological 
features.

	 miR‑1 ISH staining
Clinicopathological	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
feature	 Negative (n=32)	 Positive (n=11)	 rs	 P‑value

Sex			   0.127	 0.740000
  Male	 17	   5
  Female	 15	   6
Tumor size, cm	 3.348±0.44	 1.251±0.34	 0.661	 0.000013
Histological grade			   0.114	 0.120000
  G1	 13	   2
  G2	 10	   5
  G3	   9	   4
LN metastasis			   0.399	 0.000028
  N0	 24	 10
  N1	   8	   1
pTNM stage			   0.327	 0.000542
  I‑II	   7	   8
  III	 11	   3
  IV	 14	   0

Tumor size data are expressed as the mean. P‑values were calculated by Spearman's rank correlation test (n=43). ISH, in situ hybridization; 
miR, microRNA; TNM, tumor node metastasis; LN, lymph node.

Table II. Correlation between miR‑214 status detected by ISH in pancreatic ductal adenocarcinoma tissues and clinicopatho-
logical features.

	 miR‑214 ISH staining
Clinicopathological	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
feature	 Negative (n=9)	 Positive (n)=34	 rs	 P‑value

Sex			   0.102	 0.4900000
  Male	 4	 15
  Female	 5	 19
Tumor size, cm	 1.882±0.24	 3.118±0.52	 0.601	 0.0000008
Histological grade			   0.407	 0.0000015
  G1	 5	   4
  G2	 3	 17
  G3	 1	 13
LN metastasis			   0.532	 0.0000001
  N0	 7	   6
  N1	 2	 28
pTNM stage			   0.327	 0.000042
  I‑II	 7	   5
  III	 2	 16
  IV	 0	 13

Tumor size data are expressed as mean. P‑values were calculated by Spearman's rank correlation test (n=43). ISH, in situ hybridization; miR, 
microRNA; TNM, tumor node metastasis; LN, lymph node.
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that miR‑1, miR‑10b and miR‑214 expression was significantly 
different in the PDAC group compared with either in the sera 
samples or in tumor tissues. Data from RT‑qPCR confirmed 
the upregulation of miR‑10b and miR‑214, and the down‑regu-
lation of miR‑1, either in the sera or in the tumor samples. These 
results revealed that the dysregulated miR‑1 and miR‑214 in 
PDAC tissues were associated with the clinicopathological 
features and survival rate of patients with PDAC.

Evidence suggests that miRNA expression appears to be 
cell type‑ and disease‑specific, and may be used for the clas-
sification of certain cancer histotypes, unlike most currently 
available biomarkers (25). Subsequent studies have demon-
strated that various miRNAs were aberrantly expressed in 
PCC, and that these aberrant expression patterns accurately 
differentiated PCC from benign pancreatic tissues (26,27). 
The results of the present study revealed that, compared with 
normal controls, several miRNAs were dysregulated in sera 
and tumor tissues from patients with PDAC, which indicated 
their potential roles in the pathogenic progress of PDAC.

The results of the present study also confirmed that 
the downregulation of miR‑1, in sera and tumor tissues 
samples from patients with PDAC, was associated with the 
clinicopathological features exhibited by these patients. The 
carcinogenic role of miR‑1 has been demonstrated in various 
types of cancer. Zhu and Wang (28) suggested that miR‑1 
was frequently decreased in clinical osteosarcoma (OS) 
tumor tissues and involved in the anticancer effect induced 
by (‑)‑epigallocatechin‑3‑gallate  (28). An additional study 
demonstrated that miR‑1 served a negative regulatory role 
in the proliferation of colon cancer by targeting baculoviral 
inhibitor of apoptosis protein repeat‑containing protein 1 (29). 
Previous data also revealed that downregulated miR‑1 was: 
i)  Associated with colon cancer pathways and correlated 
with cyto‑ or chemokine expression (30); ii) correlated with 
involvement of lymph nodes, histological classification and 
vessel invasion of esophageal squamous cell carcinoma by 
binding its targeted gene LIM and Src homology 3 protein 1 
and transgelin 2 (31); and iii) associated with an aggressive 
phenotype of human breast carcinoma (17). Downregulated 
hsa‑miR‑1 was indicated to be inversely associated with 
aggressiveness in breast cancer (32,33). A functional study 
revealed that enforced overexpression of miR‑1 in renal 
cancer cells inhibited proliferation and metastasis in vitro 
and in vivo  (34). A previous study also demonstrated that 
miR‑1 inhibitors significantly reduced PCC endothelial cells 
migration, but not proliferation (35). The results of the present 
study demonstrated the tumor suppressor role of miR‑1 in the 
pathogenic progress of PDAC.

Among the two upregulated miRNAs in the sera and 
tumor samples, miR‑214 has been previously identified to 
be associated with mouse pancreas development (36). The 
present study demonstrated that miR‑214 was upregulated 
in patients with PDAC, and was correlated with the tumor 
size, histological grade, pTNM stage, lymph node metas-
tasis and the overall survival rate (5‑year) of patients with 
PDAC. It has been suggested previously that miR‑214 was 
involved in the murine aging process (37), that it modulated 
Hedgehog signaling to specify muscle cell fate (38), induced 
cell survival and cisplatin resistance by targeting phospha-
tase and tensin homolog in human ovarian cancer (38) and 

negatively regulated HeLa cell proliferation and increased the 
survival and activity rates of T cells (39,40). A previous study 
indicated that miR‑214 functioned as either an oncogene or 
a tumor suppressor in different types of cancer (41). It has 
also been identified that the expression level of miR‑214 was 
upregulated in gastric cancer tissues compared with matched 
normal tissues, and that the miR‑214 expression level was 
significantly associated with clinical progression and poor 
prognosis (42). In addition, miR‑214 expression was increased 
in PCC tissues compared with matched benign pancreatic 
tissues, and the overexpression of miR‑214 decreased the 
sensitivity of the PCC cells to gemcitabine (GEM) by 
targeting inhibitor of growth family member 4 mRNA (43). 
It was also suggested that miR‑214 promoted the survival of 
PCC cells and GEM resistance, which may be associated with 
the poor response to chemotherapy observed in patients with 
PCC (41). In combination with the results from the present 
study, previous data concerning the tumor suppressive role 
of miR‑214 were confirmed. The results of the present study 
suggested that dysregulated miR‑214, as a negative regulator, 
was associated with the clinicopathological features and prog-
nosis indices of patients with PDAC. Furthermore, increased 
expression of miR‑10b has been demonstrated in glioma and 
metastatic PCC (44,45). Notably, increased miR‑10b blood 
sera levels have been described in gastric cancer, non‑small 
lung cancer and metastatic breast cancer (46,47), which was 
also observed in the present study and suggested its oncogenic 
role in PDAC.

In conclusion, the results of the microarray analysis 
revealed that miR‑1, miR‑10b and miR‑214 were significantly 
altered in the PDAC sera or tumor tissue samples. Data from 
RT‑qPCR confirmed the dysregulation of miR‑1, miR‑10b and 
miR‑214 in sera and tumor samples. Analysis revealed that 
the dysregulated miR‑1 and miR‑214 in PDAC tissues were 
associated with the clinicopathological features and 5‑year 
survival rates of patients with PDAC. The results of the 
present study identified useful markers, miR‑1 and miR‑214, 
for determining the prognosis of patients with PDAC by 
noninvasive methods.
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