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Summary 
Sustained poor survival rate in pancreatic ductal adenocarcinoma 
(PDAC) calls for an earlier diagnosis to assure curative treatment. 
New powerful biomarkers are necessary because the currently 
used CA19-9 is not sensitive enough to distinguish PDAC, 
especially from chronic pancreatitis (CP). Expressions of miRNA-
21, -30 -192, -196, -200, and -423 were measured in 77 patients 
with PDAC, 26 patients with CP and 64 non-cancer/non-CP 
subjects (39 patients with type 2 diabetes mellitus and 25 control 
healthy persons). Eleven patients with PDAC had CP at the 
background. The expressions of all microRNAs were significantly 
1.4-3.7 times higher in the PDAC group compared to non-
cancer/non-CP subjects and 2.2-6.1 times higher compared to 
CP patients. No difference in miRNA expressions was found 
between diabetic and non-diabetic patients. CA19-9 did not 
distinguish CP from PDAC patients with the history of CP, 
whereas all six miRNAs were able to do it. Adding miR-196, -200 
and -423 to current marker CA19-9 improved sensitivity by 7 % 
(to 93 %) and specificity by 8 % (to 89 %). MicroRNA-423 could 
significantly distinguish PDAC from CP with both sensitivity and 
specificity 96 %. Panel of six miRNAs could be used as reliable 
marker in differentiating PDAC from chronic pancreatitis with the 
most impressive difference in miR-196 and miR-423. 
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Introduction 
 

Pancreatic ductal adenocarcinoma (PDAC) 
remains one of the most lethal cancer in humans. 
Although the estimated incidence of PDAC in the USA 
for 2018 is not the highest among other cancer types it 
ranks the 3rd place of all estimated cancer related deaths 
[1]. There are several risk factors in developing PDAC, 
such as alcoholism, smoking, diabetes mellitus, obesity, 
or liver cirrhosis, but one of the most important is chronic 
pancreatitis (CP), that increases the risk 1.8-4 times [2]. 
This risk can be caused by frequent association of 
CP with other risk factors of PDAC. 

Diagnosis of PDAC is rather difficult in the 
initial stages when no signs or symptoms are present. 
PDAC is therefore frequently confirmed in later stages 
when dissemination of the cancer already exists. The 
widely used current marker CA19-9 is not sensitive 
enough to distinguish PDAC from CP. New biomarkers 
should be introduced to confirm diagnosis of PDAC with 
higher specificity and sensitivity still before examination 
of patients by high resolution imaging methods. 

https://creativecommons.org/licenses/by/4.0/
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Number of different biomarkers, i.e. DNA 
mutations and methylations, RNA, proteins, circulating 
tumor cells and multiomics analyses have been tested but 
no final recommendation was suggested until now [3]. 
Promising results have been done by lipidomic analysis 
distinguishing patients with PDAC from healthy persons 
[4]. However, further research in this field is still 
necessary to confirm first analysis. MicroRNAs 
(miRNAs) showed a new potential in diagnosis and 
treatment of different tumors including PDAC [5,6]. 
Different gene expression of miRNAs in pancreatic tissue 
was found in patients with PDAC compared to healthy 
persons [7]. Dysregulated miRNAs in pancreatic cancer 
may explain the changes in key signaling pathways 
participating in cell cycle control, proliferation, 
differentiation, apoptosis and metastasis [8]. Changes in 
plasma miRNAs corresponding with tissue expressions 
stimulate their investigation like new biomarkers [9,10]. 
Large number of miRNAs has been tested in pancreatic 
ductal adenocarcinoma and several of them have been 
suggested as reliable diagnostic and prognostic 
biomarkers [9,11]. In addition, miRNAs play significant 
role in progression and metastases of pancreatic cancer 
[12]. They may be used as markers of successful 
treatment as well [13]. 

We found two microRNAs, miR-196 and  
miR-200, that were able to distinguish PDAC from the 
non-cancer group [14]. PDAC is frequently associated 
with both long-term and recent-onset diabetes mellitus 
but we did not find any statistically significant difference 
in miRNAs among the subgroups according to the 
presence or absence of diabetes [14]. 

Different expression of miRNAs was found in 
pancreatic tissue of patients with PDAC and CP and 
some studies demonstrated miRNA changes in serum 
samples [15,16]. Some novel miRNAs have been found 
in PDAC differently from CP [15] and they may support 
differentiation between both diseases. 

In our study we compare six miRNAs and 
CA19-9 in patients with CP without PDAC and in 
patients with histologically approved PDAC and compare 
them with non-cancer control subjects. 
 
Patients and Methods 
 
Study population 

Seventy-seven patients with PDAC, 26 with 
chronic pancreatitis and 25 healthy controls were 
examined in this study. Another group of 39 patients with 

Type 2 diabetes mellitus without any symptoms or signs 
of malignant disease or chronic pancreatitis was used as 
a second control according to our previous results [14]. 

Eleven patients with PDAC (14 %) had CP at the 
background. Sixty patients with PDAC (78 %) had 
impaired glucose homeostasis classified as prediabetes or 
diabetes. Seventeen patients of them had long-term type 2 
diabetes mellitus and the remaining 43 developed 
prediabetes or diabetes up to 24 months prior to diagnosis 
of PDAC. This new-onset diabetes (T3cDM) was the first 
manifestation of pancreatic cancer. Diagnosis of diabetes 
mellitus was confirmed by standard criteria according to 
recommendations of American Diabetes Association [17]. 

Patients with CP were enrolled from the 
outpatient department of gastroenterology. Diagnosis of 
CP was based on the case history of patients and results 
of imaging methods (computed tomography, endoscopic 
ultrasound or endoscopic retrograde cholangio-
pancreatography). The etiology of CP was ethanol-
induced or recurrent acute pancreatitis. 

The diagnosis of PDAC was confirmed by 
a biopsy or after surgical resection. In 70 of 77 patients 
with PDAC the advanced stages (T3 or T4) of cancer 
were present whereas T1 or T2 were in the remaining 
seven. Characteristics of the groups are shown in Table 1. 
Patients with T2DM had higher BMI compared to 
patients with CP and PDAC associated with diabetes. 
52 patients with PDAC (68 %) had a significant body 
weight loss (more than 5 % in 3 months or more than 
10 % in 6 months) before the diagnosis. All subjects 
agreed and subscribed an informed consent. The study 
protocol was approved by the local Ethics Committee, 
according to the principles outlined in the Declaration of 
Helsinki. 
 
Laboratory methods 

All laboratory examinations were done in the 
fasting state. Blood samples were drawn between  
7.00 and 8.00 a.m., serum was separated by 
centrifugation after 30 min of blood coagulation and 
stored at -70 °C. Fasting plasma glucose (FPG), glycated 
hemoglobin (HbA1c) and CA19-9 were determined by 
routine tests in the central laboratory (Table 1). 
Chemiluminiscence method was used for CA19-9 
estimation performed on Architect analyzer (Abbott). 

Frozen serum (-70 °C) was used for the analyses 
of miRNAs. Reverse transcription and real-time PCR 
(using 7900HT Fast Real-Time PCR System) with 
individual assays using single TaqMan® MicroRNA 
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Table 1. Characteristics of patients with pancreatic ductal adenocarcinoma (PDAC), chronic pancreatitis (CP), type 2 diabetes mellitus 
(T2DM) and control persons. 
 

 PDAC (n=77) CP (n=26) T2DM Controls 
 PDAC DM+ PDAC DM- CP DM+ CP DM-   
 (n=60) (n=17) (n=18) (n=8) (n=39) (n=25) 

Age 

(years) 
68±8 68±10 60±11 66±10 63±6 63±7 

Sex 
(M/F) 

35/25 9/8 11/7 4/4 30/9 22/7 

BMI 
(kg/m2) 

25.8±5.5 26.1±4.3 24.5±3.4 24.0±2.2 30.1±4.3* 27.2±3.6 

FPG 
(mmol/l) 

8.7±4.1a 5.1±0.9 10.6±4.8a 5.3±0.4 7.7±1.6a 5.3±0.6 

HbA1c 
(mmol/mol) 

52.5±18.7a 35.7±6.5 67.4±34.4a 37.6±4.0 51.8±12.9a 37.8±4.6 

CA19-9 

(kU/l) 

132.0bc 

(68.6-253.9) 

94.8c 

(34.1-263.5) 

13.1 

(6.4-27.1) 

9.1 

(1.8-46.0) 

8.1 

(6.1-10.7) 

4.7 

(2.8-7.7) 
 
PDAC DM+: patients with pancreatic adenocarcinoma with diabetes or prediabetes, PDAC DM-: patients with pancreatic adenocarcinoma 
without impaired glucose metabolism, CP DM+: patients with chronic pancreatitis and diabetes or prediabetes, CP DM-: patients with 
chronic pancreatitis without impaired glucose metabolism, BMI: body mass index, FPG: fasting plasma glucose. Results are expressed 
as means with standard deviation (SD) or geometric mean with 95 % confidence interval for CA19-9. Statistical significance as 
compared to CP DM-, CP DM+ and PDAC DM+ (* p<0.01). Significant differences in diabetic vs non-diabetic patients (a p<0.005), in 
PDAC vs. CP patients (b p<0.02) and vs. T2DM and control groups (c p<0.001). 
 
 
Assays (Applied Biosystems, Thermo Fisher Scientific, 
Waltham, MA, USA) were performed after miRNAs 
extraction using the miRCURY RNA Isolation Kit 
(Exiqon, Denmark). The raw results from the real-time 
PCR are numbers of cycles until reaching the automatic 
threshold set by the original software of the cycler. These 
results (raw expression data) were processed in 
Expression Suite Software v1.0.3 (Applied Biosystems, 
Thermo Fisher Scientific, Waltham, MA, USA) and 
8 miRNAs (miR-21, miR-30, miR-191, miR-192, miR-
196, miR-200, miR-423 and miR-454) were analyzed. 
Two miRNAs (miR-191, miR-454), chosen by the 
geNorm analysis within the qBase+© program v2.4 
(Biogazelle, Belgium), were used for the normalization of 
miRNA expression rates for all the parts of the study. The 
mean expression of these two miRNA normalizers was 
subtracted from the respective miRNA expression, 
difference of which was its relative fold change. Results 
of miRNAs are thus expressed in relative units as a fold 
change from the normalizers. miRNAs in all studied 
groups were expressed as a fold change related to the 
control group which was calculated as equal to one. 
 
Statistical evaluation and calculation 

MiRNA results were analyzed by Kruskal-

Wallis analysis of variance (ANOVA) with multiple 
comparison. Correlations between variables were 
assessed by Pearson’s coefficient with 95 % confidence 
interval (CI). For statistical analyses, “Statistica 12” 
software by StatSoft Inc. was used. The results were 
considered as statistically significant at p<0.05. The 
results were expressed as geometric means with 
SD ranges. Estimation of sensitivity and specificity was 
calculated by using ROC analysis [18]. 
 
Results 
 
miRNAs in the separate groups 

Significant difference was found in the 
expressions of all tested miRNAs between PDAC and 
CP groups (Fig. 1). The results of individual miRNAs in 
patients with PDAC, CP and patients with T2DM were 
compared with the controls (Table 2). No significant 
difference was found in miRNA results between the 
control group of healthy persons and patients with 
T2DM. Significant differences among all three groups 
(PDAC, CP and patients with T2DM/healthy controls) 
were found only in miR-196, with the highest  
expressions in the PDAC patients. In PDAC the miR-196 
was 5.2 and 1.9 times higher compared to that in CP and 
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controls, respectively. Expressions of miR-423 were 
significantly lower (6.1 and 4.4 times) in CP compared to 
PDAC and the control group, respectively. However, 
expressions of miR-423 was not different in PDAC from 
the control group. Differences in the remaining evaluated 
miRNAs were significant between PDAC and CP 
patients and between PDAC and control group. 
 
miRNAs and diabetes mellitus in groups of patients with 
PDAC and CP 

The influence of diabetes on biochemical 
markers and on miRNA expressions is shown in the 
Table 2. No significant difference in selected miRNAs 
was observed in the subgroups of patients with and 
without diabetes. However, difference in miRNAs was 
left between PDAC without diabetes and CP either with 
or without diabetes apart from miR-196 and miR-423. 
They were the only markers with persisting significant 
differences between CP and PDAC subgroups according 
to the presence or absence of diabetes. 
 
miRNAs in patients with PDAC and history of CP 

No difference in the miRNAs was observed 
between PDAC patients with previous history of CP and 
those without pancreatitis (data not shown).  
CA19-9 could not differentiate patients with CP from 
patients with PDAC with the previous history of 
pancreatitis whereas the expressions of both miR-196 and  
miR-423 showed the most significant difference of six 

miRNAs studied (Fig. 2). miR-423 was significantly 
reduced in non-cancer patients with CP compared to 
control and PDAC groups. No difference was observed in 
miR-423 expressions between control persons and 
patients with PDAC and previous history of CP. 
 
miRNAs in stages T1 to T4 of PDAC 

The results of miRNA expressions were 
compared in stages of the cancer (Fig. 3). There were 
only 7 patients with the stage of the cancer lower than T3 
(1 patient with T1, 6 patients with T2), 37 patients with 
T3 and 33 patients with the stage T4. We could not find 
any difference in miRNAs between stages of the cancer, 
but their mean expressions have been increased from 
T1/T2 to T4. 
 
Sensitivity and specificity of CA19-9 and in combination 
with miRNAs 

While CA19-9 sensitivity and specificity to 
differentiate patients with the cancer from non-cancer 
patients (controls, T2DM and CP) was 86 % and 81 %, 
respectively, the combined test of CA19-9, miR-196,  
-200 and -423 reached sensitivity and specificity of 93 % 
and 89 %. Sensitivity of CA19-9 remained the same and 
specificity dropped to 69 % when distinguishing PDAC 
only from CP patients who often have false positive 
results. On the other hand, sensitivity and specificity of 
miR-423 in the same setting was 96 % and 96 %, 
respectively. 

 
 

 
 
Fig. 1. Relative miRNA expressions of PDAC (n=77) and chronic pancreatitis (n=26) patients compared to healthy persons expressed as 
equal to 1 (dotted line). Statistical significance: PDAC/CP vs. Controls (a p<0.001, b p<0.01), PDAC vs. CP (c p<0.001, d p<0.01). 
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Table 2. Relative microRNA expressions (fold-change) according to presence/absence of diabetes mellitus in the groups compared to 
healthy control (expressions equal to 1). 
 

 PDAC (n=77) CP (n=26) T2DM 
 PDAC DM+ PDAC DM- CP DM+ CP DM-  
 (n=60) (n=17) (n=18) (n=8) (n=39) 

miR-21 2.2ad (1.8-2.9) 2.2ad (1.7-3.0) 0.9 (0.4-2.0) 0.3 (0.1-1.4) 0.6 (0.4-1.0) 
miR-30 1.8bd (1.5-2.2) 1.7bd (1.1-2.4) 0.7 (0.5-1.2) 0.5 (0.2-1.2) 0.8 (0.6-1.1) 
miR-192 3.3ad (2.4-4.6) 2.5b (1.9-3.3) 1.7 (1.2-2.4) 1.0 (0.6-1.9) 1.0 (0.6-1.5) 
miR-196 1.6bc (1.3-2.0) 1.9bc (1.3-2.8) 0.3a (0.2-0.4) 0.4b (0.2-0.6) 0.8 (0.7-1.0) 
miR-200 4.1ad (2.7-6.3) 2.7bd (1.4-5) 1.1 (0.9-1.5) 0.9 (0.3-2.7) 1.0 (0.8-1.3) 
miR-423 1.3c (1.1-1.5) 1.3c (0.9-2.1) 0.2a (0.2-0.3) 0.2a (0.1-0.4) 0.9 (0.7-1.1) 

 
PDAC DM+: patients with pancreatic adenocarcinoma with diabetes or prediabetes, PDAC DM-: patients with pancreatic adenocarcinoma 
without impaired glucose metabolism, CP DM+: patients with chronic pancreatitis and diabetes or prediabetes, CP DM-: patients with 
chronic pancreatitis without impaired glucose metabolism. Statistical significance: compared to healthy control/T2DM: a p˂0.001, 
b p˂0.01, compared to CP: c p˂0.001, d p˂0.01. Data are geometric mean with 95 % confidence interval. 
 
 

 
 
Fig. 2. Comparison of CA19-9 concentrations and miR-196 and miR-423 expressions in patients with chronic pancreatitis and PDAC with 
the previous history of chronic pancreatitis. CP – chronic pancreatitis (n=26), PDAC CP+ – patients with pancreatic ductal 
adenocarcinoma with the history of chronic pancreatitis (n=11). Concentrations of CA19-9 are expressed as geometric means with 
95 % CI, relative miRNA expressions are expressed as fold-change compared to the control group expressed as equal to 1 (dotted line). 
Statistical difference: PDAC vs. CP * p<0.001. 
 
 

 
 
Fig. 3. Relative expressions of miRNAs according to the stage of the pancreatic ductal adenocarcinoma compared to the control group 
expressed as equal to 1 (dotted line). Number of patients: T1-T2=7, T3=37, T4=33. T1 – T2 the tumor reaches the edges of the 
pancreas. T3 – tumor exceeds the edges of the pancreas and can be very close to the truncus coeliacus or a. mesenterica superior, but 
does not touch it. T4 – the tumor grows around truncus coeliacus or a. mesenterica superior. No significant differences were found 
among the stages of PDAC. 
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Discussion 
 

High mortality rate of PDAC is caused by the 
late diagnosis, when the curative resection of the cancer, 
as the only successful treatment option, is not possible. 
Lack of suitable biomarkers and lack of symptoms in 
PDAC patients cause late diagnosis. Structural program 
for early detection of PDAC was suggested [19]. The 
new-onset diabetes (T3cDM) as the first manifestation of 
pancreatic cancer and the loss of weight can be used by 
primary care physicians. More patients with new-onset 
T2DM than T3cDM are in the general population and 
differentiation of both types is necessary [20]. The loss of 
weight is therefore an important symptom for screening. 

We confirmed in our study that only few patients 
were diagnosed in the initial PDAC stages and 
demonstrated the important impact of new-onset diabetes 
for the early diagnosis (5 out of 7 patients with initial 
PDAC stages had T3cDM). Only 7.7 % of our 
PDAC patients with new-onset diabetes and weight loss 
had the initial stage of the cancer. Surgery can be offered 
to 15-20 % of patients with PDAC and relapses are 
frequent. Five-year survival rate after the resection is 
around 20-25 %, depending on the stage of the cancer and 
negativity of histological findings in the resection 
margins (R0 resection) [21,22]. The early detection of 
PDAC is therefore crucial. 
 
miRNAs and CA19-9 in diagnosis of PDAC 

Our study demonstrated that panel using six 
miRNAs-21, -30, -192 -196, -200, and -423 with CA19-9 
significantly increased both sensitivity (93 %) and 
specificity (89 %) of PDAC diagnosis. Sensitivity of  
68-78 % and specificity of 70-83 % for the current 
marker CA 19-9 alone is quite low in pancreatic cancer 
[23,24]. Excellent results were recently confirmed in 
a large study analyzing data of one hundred 
miRNA together with CA19-9 [25]. This combination 
discriminated pancreatic cancer from healthy control with 
high accuracy 0.99, sensitivity 90 % and specificity 98 %. 
In addition, combination of miRNAs with CA19-9 could 
discriminate the early stages (stage 0-1) of cancer from 
healthy controls as well. 

One retrospective study reported that 
microRNAs appear late in PDAC. No difference was 
found in miRNAs between the cancer and control 
subjects examined <5 years before the cancer diagnosis, 
while there was already a borderline elevation of CA19-9 
(p=0.044) [26]. Although we did not make a retrospective 

analysis, correct marking of all initial stages of the 
cancer, using combined test with our selected miRNAs, 
shows, that miRNAs could play a role in earlier diagnosis 
of PDAC. This is supported by findings that miR-196 is 
significantly elevated even in precursors of PDAC, such 
as in pancreatic intraepithelial neoplasms (PanIN) 2-3 
[27]. The miRNA elevations in PanINs were normalized 
after the surgery [28]. Similar finding was reported in 
other PDAC precursor, intraductal papillary mucinous 
neoplasms (IPMN) [29]. 
 
miRNAs in differentiation of PDAC from chronic 
pancreatitis 

Secondly, we could differentiate PDAC from CP 
using set of six miRNAs -21, -30, -192, -196, -200, and  
-423. The expressions of miR-21, miR-192 and miR-200 
significantly distinguished PDAC from healthy controls. 
Differences between PDAC and CP groups were 
significant in all six miRNAs. However, only expression 
of miRNA-196 and miRNA-423 were significantly lower 
in CP as compared to the control group. This 
downregulation was found for the first time and no 
similar data have been published with these two miRNAs 
yet. We speculate that decreased expression of miR-196 
and miR-423 could be used as a marker of CP however 
further studies will be necessary to confirm this idea. 
Dysregulation of miR-423 has been studied in different 
cancers [30]. It was classified as a critical factor in 
tumorigenesis and suggested as important biomarker in 
the early diagnosis and prognosis of human cancers. 
Downregulation of miR-423 was found in the latest 
article on PDAC patients in which the biosenzor was 
used for parallel detection of six miRNAs [31]. Other  
two miR-15 and miR-145 were found downregulated in 
PDAC but the article was oriented more technically on 
new methodology than to analyze clinical relationship. 

MicroRNAs in patients with CP and PDAC were 
compared using several panels which discriminated both 
groups comparably to CA19-9 [32]. Two miRNAs, miR-
486-5p and miR-938 were able to differentiate PDAC 
from healthy controls and CP with good areas under  
the curve (0.861 and 0.706; and 0.693 and 0.754 
respectively) and both had diagnostic accuracy 
comparable with CA19-9 but their combination was not 
investigated [33]. Combination of two miRNAs, miR-16 
and miR-196a possessed an independent role in 
discriminating PDAC from normal and CP subjects. The 
combination of miR-16, miR-196a and CA19-9 was  
more effective for discriminating PDAC from non-PDAC 
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(normal+chronic pancreatitis) patients (sensitivity, 
92.0 %; specificity, 95.6 %), and for discriminating 
PDAC from CP (sensitivity, 88.4 %; specificity, 96.3 %) 
[34]. Combination of miRNA with CA19-9 is therefore 
highly recommended for discrimination of PDAC from 
CP as well as for early diagnosis of PDAC [16]. 

Panel of eight serum miRNAs demonstrated that 
four miRNAs were upregulated and four downregulated 
in patients with PDAC [35]. Five miRNAs could 
differentiate PDAC from CP and healthy controls. 
Expressions of three miRNAs gradually increased from 
healthy controls to CP and to PDAC whereas the 
expression of one miRNA steadily decreased. The 
authors found differences in the expression of miRNAs 
between PDAC tissue and serum levels. [35]. This 
observation mentioned also by other investigators brings 
new insights on miRNA selection as biomarker for 
specific disease [36]. Concordance involving either 
upregulation or downregulation of the respective 
miRNAs in serum and tissue will approve their use in 
diagnosis and treatment. 
 
miRNAs and regulation of pathways in tissues 

The differentiation of CP from PDAC is of great 
importance because it may influence the follow up of the 
patient. The elucidation of pathways regulated by 
miRNAs in both diseases is highlighted in the recent 
publication [37]. The PI3K/AKT/mTOR pathway was the 
most promising for CP versus healthy individuals 
whereas the TNF-alpha signaling is critical in PDAC 
patients. miR-130 and miR-148 have been identified as 
specific for PDAC, miR-192 and miR-150 for CP and 
miR-222 for differentiating PDAC from CP [37]. 

New data were obtained with exosomes (or 
extracellular vesicles) which transport specific molecules 
from maternal cells including miRNAs. Their pers-
pectives are both in diagnosis and the treatment of PDAC 
patients where they bring new potential for drug delivery 
[38,39]. Exosomes transporting miRNAs and other 
biomolecules influence cellular processes like 
proliferation, angiogenesis, invasion and metastasis but 
also the resistance to some effective drugs like cisplatin, 
doxorubicine, 5-fluorouracil [8,40]. In addition, they play 
important role in development of T3c diabetes mellitus as 
an early sign of PDAC development [41]. More analyses 
with exosomes will be necessary to evaluate their use in 
clinical practice. 

According to miRWalk database, which 
provides miRNA-target interactions (including validated 

interactions), one of the miR-196 targets is PALLD gene 
that encodes protein palladin. Palladin plays an important 
role in cellular morphogenesis and cell motility by 
regulation of actin cytoskeleton [42]. Overexpression of 
palladin RNA was observed both in familial and sporadic 
cancer. Transfection of mutated gene into the cell culture 
caused cytoskeletal changes with an increased ability to 
migration [43]. Salaria et al. found that the palladin 
protein overproduction is present mostly in the non-
neoplastic stroma of infiltrating ductal adenocarcinomas 
of the pancreas [44]. It is formed by cancer-associated 
fibroblasts playing an important role in the 
PDAC progression [45]. Overexpression of miR-196 
could be a negative feedback against further paladin 
production. Our findings show that the more advanced 
stage of PDAC, the higher (although non-significant) the 
expression of miR-196. Upregulation of miR-196 was 
associated with cell proliferation, migration and invasion, 
suggesting its utility in early diagnosis [46]. In addition, 
the latest study demonstrates that miR-196 has significant 
prognostic value in the future cancer development [47]. 

Deregulation of the cell growth is one of the 
most important features in neoplasia. According to 
miRWalk database one of the miR-200 targets is KLF11 
gene. Its product participates in cellular inflammation, 
differentiation and apoptosis. Under normal condition, 
protooncogene c-myc is suppressed by transforming 
growth factor beta (TGF-β) signalling which is mediated 
by KLF11 [48,49]. In PDAC with Ras mutation, the 
KLF11 protein is inactivated and thus the cell growth is 
deregulated. However, overexpression of miR-200 
observed in PDAC could lead to direct inhibition of 
proteosynthesis of KLF11 and then to deregulated growth. 
Overexpression of miR-200 family is non-specific for 
PDAC and can be found in other cancers as well. 
Exacerbation of the growth, metastatic properties and 
worse prognosis were found in transformed mammary 
epithelial cells connected with overexpression of miR-200 
family [50], as well as in early gastric cancer [51], oral 
squamous cell cancer [52], colorectal cancer [53], ovarian 
cancer [54] or in non-small cell lung cancer [55]. MiR-200 
family members are potential prognostic biomarkers in 
patients with various carcinomas [56,58]. In experimental 
study in mice, the upregulation of miR-200 induced beta-
cell apoptosis and lethal Type 2 diabetes [57]. A crucial 
role for the miR-200 family in beta-cell survival and the 
pathophysiology of diabetes was suggested. 

The biosenzors evaluating cluster of miRNAs 
may represent new way for miRNA analysis in different 
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clinical studies. New data demonstrate that cluster or panel 
of several miRNAs will improve diagnostic process rather 
than evaluation of single miRNA expression [15,31]. 

Limitation of our study is that only few patients 
were diagnosed in the stage T1+2 of the cancer to see 
whether the changes in the miRNA expressions are 
progress-dependent or if they are present just due to the 
malignancy. On the other hand, it reflects the current state 
of late diagnosis of the cancer. To validate miRNAs as 
early markers, the precursors of PDAC (IPMN and PanIN 
lesions) should be included. Recent data confirm the 
possibility to use panel of several miRNAs for early 
diagnosis of PDAC including its precursors as well as for 
follow up observation in chronic pancreatitis [25,31,35]. 
For the evaluation of miRNAs results we used relative 
expressions for quantification instead of absolute values. 
 
Conclusions 
 

We conclude that miR-21, -196, -200 and -423 
improve both sensitivity and specificity in combination 
with CA19-9 in detecting PDAC. Our results demonstrate 

a significant difference in the expression of six miRNAs 
which could distinguish PDAC from CP. Three miRNAs 
(miR-21, miR-192 and miR-200) were the best markers for 
PDAC. However, small number of patients with the lowest 
stage (T1) of PDAC was analyzed. The most impressive 
decrease of miR-196 and miR-423 found in CP patients 
could suggest their determination as markers in chronic 
pancreatitis. Both miRNAs could be used in long-term 
follow-up of patients with CP in which they would bring 
important information on new development of PDAC. 

Further studies in the population with high risk 
of PDAC will be necessary to disclose the early changes 
of miRNA expressions associated with precursors of 
pancreatic cancer. Panel of selected miRNAs will be 
preferred to single miRNA molecule. 
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