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Abstract

Background: Pancreatic cancer is associated with an extremely poor prognosis, so new biomarkers that can detect

the initial stages are urgently needed. The significance of serum microRNA (miR) levels in pancreatic neoplasm such

as pancreatic cancer and intraductal papillary mucinous neoplasm (IPMN) diagnosis remains unclear. We herein

evaluated the usefulness of miRs enclosed in serum exosomes (ExmiRs) as diagnostic markers.

Methods: The ExmiRs from patients with pancreatic cancer (n = 32) or IPMN (n = 29), and patients without neoplasms

(controls; n = 22) were enriched using ExoQuick-TC™. The expression of ExmiRs was evaluated using a next-generation

sequencing analysis, and the selected three miRs through this analysis were confirmed by a quantitative real-time

polymerase chain reaction.

Results: The expression of ExmiR-191, ExmiR-21 and ExmiR-451a was significantly up-regulated in patients with

pancreatic cancer and IPMN compared to the controls (p < 0.05). A receiver operating characteristic curve analysis

showed that the area under the curve and the diagnostic accuracy of ExmiRs were 5–20% superior to those of three

serum bulky circulating miRs (e.g.; ExmiR-21: AUC 0.826, accuracy 80.8%. Circulating miR-21: AUC 0.653, accuracy 62.3%).

In addition, high ExmiR-451a was associated with mural nodules in IPMN (p = 0.010), and high ExmiR-21 was identified

as a candidate prognostic factor for the overall survival (p = 0.011, HR 4.071, median OS of high-ExmiR-21: 344 days,

median OS of low-ExmiR-21: 846 days) and chemo-resistant markers (p = 0.022).

Conclusions: The level of three ExmiRs can thus serve as early diagnostic and progression markers of pancreatic

cancer and IPMN, and considered more useful markers than the circulating miRs (limited to these three miRs).

Keywords: Pancreatic cancer, Exosome, microRNA-21, microRNA-451a, Intraductal papillary mucinous neoplasm,

Tumor marker

* Correspondence: fjym@asahikawa-med.ac.jp
†Equal contributors
1Division of Gastroenterology and Hematology/Oncology, Department of

Medicine, Asahikawa Medical University, 2-1 Midorigaoka-higashi, Asahikawa,

Hokkaido 078-8510, Japan

Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Goto et al. BMC Cancer  (2018) 18:116 

DOI 10.1186/s12885-018-4006-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-018-4006-5&domain=pdf
mailto:fjym@asahikawa-med.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Pancreatic cancer (PC) is a frequent cause of cancer

death worldwide [1]. While advances in clinical

treatments, including chemotherapy and surgery, have

improved the prognosis of PC in the past decades,

the early detection of PC remains quite difficult.

Thus, the prognosis of PC remains poor, even when

using advanced imaging techniques such as computed

tomography or positron emission tomography. Carbo-

hydrate antigen 19–9 (CA19–9) is the most sensitive

diagnostic marker for PC, but it is not useful for

diagnosing early PC [2]. Therefore, new biomarkers

that can detect the initial stages of PC are urgently

needed.

Intraductal papillary mucinous neoplasm (IPMN) is a

pre-cancerous lesion, and 1–2% of IPMN cases progress

to PC each year [3]. IPMN progress from a non-invasive

to an invasive lesion [4], and the postoperative prognosis

of patients with invasive IPMN appears to be consider-

ably worse than that of patients with non-invasive IPMN

[5]. This evidence suggests that biological markers able

to distinguish invasive IPMN from non-invasive IPMN

can improve the survival of PC patients. While the

utility of CA19–9 and MUC5AC as serum markers of ma-

lignant IPMN has been reported, their sensitivities were

not high enough to be indicative factors for resection [6].

Indeed, even when novel imaging procedures are utilized,

it is difficult to predict the malignant potential of IPMN

[4]. Novel indicators that can predict the malignant poten-

tial of IPMN are therefore eagerly awaited.

MicroRNAs (miRs), which are small RNAs that regulate

approximately 30% of human genes [7], are secreted into

the blood and body fluids [8]. Recent studies have shown

that the abnormal expression of extracellular circulating

miRs (CmiRs) in serum or plasma was correlated with the

prognosis of PC, suggesting that CmiRs may be potential

diagnostic or prognostic markers for advanced PC [9].

miR-21 was reported that proportionally increased

during the progression from IPMN to PC, but no other

miRs have been identified as markers for the detection

of IPMN as well as the progression of PC.

miRs have been reported to be stably contained

within vesicles called exosomes [10]. Exosomes are

small (40–100 nm diameter) vesicles composed of a

lipid bilayer and secreted by cells to interact with

distant tissues; they may be found in all body fluids,

including the serum and plasma [10–12]. miRs and

mRNAs were found to be enclosed in exosomes,

stabilized from RNase and highly enriched compared

to the serum [11, 12], and the expressions of these

exosomal microRNAs (ExmiRs) were dysregulated in

several types of cancer patients [10]. ExmiRs are

therefore expected to be useful as non-invasive diag-

nostic biomarkers in cancer patients.

We herein assessed for the first time the expression of

ExmiRs in patients with IPMN and PC using a next-

generation sequencing analysis, and revealed that three

ExmiRs were upregulated in IPMN and PC. In addition,

the expression of these ExmiRs was correlated with poor

prognosis in PC patients and the high-risk cases in the

IPMN group, respectively.

Methods

Patients

Thirty-two patients with newly diagnosed PC and 29

with IPMN (no prior treatment) at Asahikawa

Medical University Hospital from April 2013 to

December 2015 were respectively enrolled in the PC

group and IPMN group in this study. Twenty-two pa-

tients without malignant or neoplastic lesions were

registered in the control group; these patients were

recruited from patients who visited the Division of

Gastroenterology and Hematology/Oncology in

Asahikawa Medical University during the study

period. The characteristics of the patients in the con-

trol group are shown in Table 1. Six cases complain-

ing of abdominal pain and 1 case complaining of

nausea were included. Patients with other cancers or

neoplasms were excluded from this study. All patients

with PC and IPMN underwent enhanced computed

tomography from the chest to the abdominal region

for tumor staging, according to either the TNM

criteria or the IPMN guidelines. Informed consent

was obtained from all of the participants regarding

Table 1 Characteristics of the control, IPMN, and PC groups

Characteristic Control IPMN PC

Total, n 22 29 32

Sex, n (%) Female 8 (36.4) 16 (55.2) 15 (46.9)

Male 14 (63.6) 13 (44.8) 17 (53.1)

Age (mean ± SD) 57.5 ± 15.3 73.8 ± 7.8 64.0 ± 10.1

Stage (UICC)
I / Ila / llb / III / IV

– – 2 / 7 / 4 / 5 / 14

Fukuoka criteria
FN / WF / HRS

– 14 / 11 / 4 –

Clinical information GBP 4

Chronic gastritis 3

Gallbladder stone 2

ADM 2

Liver cyst 1

IBS 1

Accessory spleen 1

Only symptom 7

SD standard deviation, IPMN intraductal papillary mucinous neoplasm, PC

pancreatic cancer, FN Fukuoka negative, WF worry-some Feature, HRS high-risk

stigmata, GBP gallbladder cholesterol polyp, ADM adenomyomatosis, IBS

irritable bowel syndrome
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the use of their blood samples in this study. The

study was approved by the Medical Ethics Committee

of Asahikawa Medical University.

Serum samples

A blood examination and sampling were performed be-

fore treatment, which included surgery, chemotherapy,

and radiotherapy. The peripheral blood from patients

was collected and then centrifuged at 5000 rpm (rpm)

for 10 min at 4 °C. The serums were then transferred to

fresh tubes and stored at − 80 °C. Before analysis, the

serum samples were filtrated through a 0.45-μm pore

membrane (Millipore, Billerica, MA, USA). The amount

of serum used in all of this study was unified in 250 μl

according to the Manufacture.

Isolation of the exosomes from the serum and MicroRNA

isolation from the exosomes

Exosomes were collected from the serum using ExoQuick

Exosome Precipitation Solution (System Biosciences,

Mountain View, CA, USA) in accordance with the manu-

facturer’s instructions. Exosomal RNAs were isolated by

using Trizol (Invitrogen, Grand Island, NY, USA) and

purified using a mirVana miRNA isolation kit (Life

Technologies, Carlsbad, CA, USA). The purity and concen-

tration of all RNA samples were quantified spectrophoto-

metrically using the NanoDrop ND-1000 system

(NanoDrop, Wilmington, DE, USA). Exosomes were quan-

tified using a CD63 ExoELISA kit (System Biosciences) in

accordance with the manufacturer’s instructions.

Selection of MicroRNA in the exosome using a next-

generation sequencer

Five patients were randomly selected from each groups

to examine the expression of their exosomal miR. The

volumes of the RNA samples (collected from 250-μl

serum samples) was normalized. RNA libraries were

generated using an Ion Total RNA-Seq Kit v2 (Life

Technologies) in accordance with the manufacturer’s

instructions. The RNA libraries were then processed for

the emulsion PCR using an Ion OneTouchTM system

and an Ion OneTouch 200 Template kit v2 (Life

Technologies). Template-positive Ion SphereTM

particles were enriched and purified for the sequencing

reaction with an Ion OneTouchTM ES system (Life

Technologies). The template-positive Ion SphereTM

Particles were then applied to Ion PI™ Chips (Life

Technologies), and the next-generation sequencing reac-

tion was carried out using an Ion Proton™ Semicon-

ductor sequencer (Life Technologies). All of the

sequencing data were mapped on a miR sequence using

the CLC Genomics Workbench software program (CLC

Bio, Aarhus, Denmark), and an expression analysis was

performed for each sample.

MicroRNA detection by quantitative real-time polymerase

chain reaction

miRs were reverse-transcribed, and their expressions

were determined by quantitative real-time polymerase

chain reaction (qRT-PCR) using TaqMan microRNA

assay kits in accordance with the manufacturer’s

instructions (Applied Biosystems, Foster City, CA,

USA). The Ct values were used in the analysis of the

qRT-PCR data.

Statistical analysis

The expression of miR and CD63 in serum samples

was compared using the Mann-Whitney U test (for

two groups) or the Kruskal-Wallis test followed by

Dunn’s test (for three groups). There was no adjust-

ment for multiple comparisons in the subgroup or

multiple miRs analysis. The diagnostic performance

was confirmed by Receiver Operating Characteristic

(ROC) curve analysis. The cutoff point was

determined by the following formula: Distance = (1-

sensitivity)2 + (1-specificity)2.

In survival analyses, the probability of overall survival

(OS) was determined by the Kaplan-Meier method with a

log-rank test and Cox’s proportional-hazards regression

model. The statistical analysis was performed using the

Graph Pad PRISM (Version 5.0a; GraphPad Software, Inc.

La Jolla, CA, USA), SPSS and R software programs. The

level of significance was set at p < 0.05.

Results

Characteristics of the control, IPMN and PC groups

The subjects comprised 32 patients with PC, 29 pa-

tients with IPMN and 22 patients without malignant

or neoplastic lesions (Control group). Among the 32

PC patients, 12 underwent surgical resection and 28

received chemotherapy. All of the patients in the

IPMN group were diagnosed with branched-duct type

(BD)-IPMN. Among the 29 IPMN patients, 15 with

Fukuoka Negative (FN) and 11 with Worrisome

Features (WF) were conservatively observed, and four

cases with High-risk Stigmata (HRS) underwent surgi-

cal resection. The conditions of the patients in the

Control group (n = 22) included gallbladder choles-

terol polyp (n = 4), chronic gastritis (n = 3), gallbladder

stone or adenomyomatosis (n = 2), and liver cyst or ir-

ritable bowel syndrome or accessory spleen (n = 1),

the remaining seven only had symptoms and were

not diagnosed with any disease. The median age in

the IPMN group (73.8 ± 7.8 years) was older than that

in the PC (64.0 ± 10.1 years) and control groups (57.5

± 15.3 years), but no significant difference were noted

in gender among the groups (Table 1).
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Serum exosomes were not markedly different between

the control, IPMN and PC groups

First, we assessed the concentration of serum exosomes

in each group. The control (N = 20), IPMN (N = 29) and

PC groups (N = 31) were subjected to this assay. Exo-

somes were isolated from 250 μL serum using ExoQuick

solution and the yields were measured by a CD63, a

component of the exosome layer, ExoELISA kit (System

Biosciences). No significant differences were noted in

the optical density (OD) of CD63 among the groups, in-

dicating no marked differences in the concentration of

serum exosomes (Additional file 1: Figure S1).

ExmiR-191, − 21, and -451a, significantly up-regulated in

PC and IPMN, were sensitive diagnostic markers

We analyzed the ExmiR profiles of each group using an

exosomal microRNA sequence analysis with next-

generation sequencing (N = 5 each). Among a total of

347 detected ExmiRs, the expression of ExmiR-191,

ExmiR-21 and ExmiR-451a was significantly increased in

both the IPMN or PC groups by the Kruskal-Wallis test

(Table 2). These three candidates were further evaluated

using a qRT-PCR targeting all cases. The expressions of

ExmiR-191, − 21 and -451a were significantly higher in

PC and IPMN patients than in controls (Fig. 1a). Of

note, the expression of CmiR-191, CmiR-21, and CmiR-

451a, which are bulky serum miRs including not only

ExmiRs but also other serum miRs, did not differ

markedly among the groups (Fig. 1b). Since the IPMN

patients were significantly older, the age-adjusted differ-

ences were evaluated; no significant interaction was

found between any of the ExmiRs and age (ExmiR-191,

p = 0.932; ExmiR-21, p = 0.478; ExmiR-451a, p = 0.357).

To evaluate the diagnostic performance of three

ExmiRs, ROC curve analysis was performed. The

ROC analysis between control and IPMN (Fig. 2a) or

PC (Fig. 2b) showed that the area under the curve

(AUC), diagnostic accuracy and specificity of the

three ExmiRs were superior to those of the three

CmiRs. The accuracy of the ExmiRs was almost 5–

20% higher than that of the CmiRs. Among the three

ExmiRs, ExmiR-21 showed the largest AUC and

highest diagnostic accuracy (IPMN diagnosis: accu-

racy = 78.0%, PC diagnosis: accuracy = 80.8%). These

results indicated that ExmiRs were more sensitive

markers for diagnosing IPMN and PC than CmiRs.

ExmiR-191, ExmiR-21, and ExmiR-451a were good diag-

nostic markers for IPMN and early-stage PC

We identified three ExmiRs as biological markers for

diagnosing early-stage pancreatic tumorigenesis. We

next compared the diagnostic performance of the three

ExmiRs with those of carcinoembryonic antigen (CEA)

and carbohydrate antigen 19–9 (CA19–9), which are

traditional markers for PC. The levels of CA19–9 were

significantly higher in the PC group than in the control

or IPMN groups (Fig. 3a).

In the ROC analysis between control and IPMN, the

AUC and diagnostic accuaracy of ExmiRs were superior

to those of CA19–9 and CEA (Fig. 3b). In addition,

ROC analysis between control and earlier stages of PCs

including patients with stage I and IIa showed that the

accuracy of the ExmiRs was preferable to that of CEA.

There was no significant difference in comparison to

CA19–9; however, the positive detection rate was ap-

proximately 10% higher (Fig. 3c). On the other hand,

CA19–9 was the best parameter for the diagnosis of

advanced-stage PC (stage ≥IIb) (AUC 0.893, accuracy

90%). The ExmiR’s, which were somewhat inferior to

CA19–9, showed a good AUC value and accuracy

(ExmiR-21, AUC 0.862, accuracy 83.7%) (Fig. 3d). Taken

together, our results suggested that ExmiR-191, ExmiR-

21 and ExmiR-451a were good diagnostic markers for

IPMN and early-stage PC, but that CA19–9 was still

superior for the diagnosis of advanced cancer.

The expression of ExmiR-451a was associated with mural

nodules of IPMN.

The international consensus guideline 2012 for IPMN de-

scribes the indication criteria for resection, known as the

Fukuoka Criteria. According to the Fukuoka Criteria,

IPMNs are categorized as FN, WF and HRS, and these

three categories are generally said to reflect progression

from benign IPMN to malignant IPMN. The Kruskal-

Wallis test revealed no significant differences in the ex-

pression levels of ExmiR-191, ExmiR-21 and ExmiR-451a

among FN, WF and HRS (Fig. 4a). However, the ExmiR-

451a level appeared to gradually increase; we therefore

decided to evaluate the associations between ExmiR-451a

and each of the factors in the Fukuoka criteria (cyst

diameter, presence of mural nodules, presence of main

pancreatic duct dilatation, progression of cyst diameter).

The expression of ExmiR-451a was significantly higher in

the patients with mural nodules than in those without

them (Fig. 4b). Although there were no other significant

differences, ExmiR-451a also seemed to be high in the

IPMN patients with large cyst diameter and main

Table 2 ExmiR-191, −21 and -451a were identified as

candidates for biological markers of IPMN and PC by

next-generation sequencing analysis

Candidate ExmiR P value Fold change
(Control vs IPMN)

Fold change
(Control vs PC)

ExmiR-191 0.0036 3.171 34.571

ExmiR-21 0.0417 12.222 25.556

ExmiR-451a 0.0477 1.819 11.662
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Fig. 1 ExmiR-191, − 21 and -451a were significantly up-regulated in PC and IPMN. The three candidate miRs extracted with next-generation sequen-

cing analysis were further evaluated using a qRT-PCR targeting all cases. a, b The expressions of ExmiR-191 (a, left panel), ExmiR-21 (a, middle panel),

ExmiR-451a (a, right panel), CmiR-191 (b, left panel), CmiR-21 (b, middle panel) and CmiR-451a (b, right panel) were plotted (median with interquartile

range was also shown). The expression of ExmiR-191, ExmiR-21, and ExmiR-451a were significantly higher in PC (n = 32) and IPMN patients (n = 29) than

in controls (n = 22), while the expressions of these CmiRs did not differ significantly among the groups

Fig. 2 Three ExmiRs were more sensitive markers for diagnosing IPMN and PC than CmiRs. a,b The ROC analysis between control and IPMN

(a) or PC (b) was showed, as follows: miR-191 (left panel), miR-21 (middle panel), and miR-451a (right panel). The AUC, specificity and diagnostic

accuracy of three ExmiRs were superior to those of three CmiRs. Among the three ExmiRs, ExmiR-21 showed the highest diagnostic accuracy

(IPMN diagnostic accuracy = 78.0%, PC diagnostic accuracy = 80.8%)
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Fig. 3 ExmiR-191, ExmiR-21, and ExmiR-451a were good diagnostic markers for IPMN and early-stage PC. a The levels of CEA (left) and CA19–9

(right) were plotted (median with interquartile range was also shown). CA19–9 was significantly higher in the PC group than in the control or

IPMN groups. b The ROC analysis between control and IPMN was shown. The AUC and diagnostic accuracy of three ExmiRs were clearly superior

to traditional markers. c The ROC analysis between control and early stage of PC including only patients with stage I or IIa showed. The diagnostic

accuracy of three ExmiRs were superior to CEA, and tended to be better than CA19–9. d The ROC analysis between the control group and the

advanced-stage PC group (stage ≥IIb). The AUC values and accuracy of the three ExmiRs were superior to CEA, but they were not as useful

as CA19–9
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pancreatic dilatation. ExmiR-451a might be strongly

associated with the malignant progression of IPMN.

ExmiR-21 was a candidate prognostic factor for the

survival of PC patients

We finally focused on the PC group and evaluated

the association between the three ExmiRs and the

clinical outcomes in PC patients. For the survival

analysis, PC patients were categorized into high- and

low-ExmiR expression groups using the median miR

value as the cut-off point. Survival curves of the three

ExmiRs estimated by the Kaplan-Meier method are

shown in Fig. 5a. The overall survival in the high-

ExmiR-21 expression group (median: 344 days) was

significantly shorter than that in the low-ExmiR-21

expression group (median: 846 days), but ExmiR-191

and ExmiR-451a did not affect the survival of PC

patients. With regard to the other factors, UICC4 was

a significant prognostic factor (p = 0.0232, median OS

of UICC1,2,3: 1330 days, median OS of UICC4:

388.5 days). We also performed a multivariate survival

analysis using Cox’s proportional-hazards regression

model to assess the relationship between the overall

survival and the following candidate prognostic

factors that were identified as significant by the

Kaplan–Meier method (Fig. 5b). Both UICC stage IV

(hazard ratio: 3.902, 95% CI: 1.416–10.750) and the

high expression of ExmiR-21 (hazard ratio: 4.071,

95%CI: 1.382–11.996) were identified as independent

prognostic factors for the overall survival.

In addition, we also evaluated the association

between the clinical outcome of chemotherapy and

the three ExmiRs. The expression of ExmiR-21 and

ExmiR-451a in the group with progression disease

(PD) was significantly higher than in the groups with

complete response (CR), partial response (PR), or

stable disease (SD) (p = 0.022, p = 0.043, respectively)

(Fig. 5c). This result might suggest that ExmiR-21

and ExmiR-451a reduced the disease control rate in

PC patients.

Fig. 4 ExmiR-451a was correlated with the Clinical Features of IPMN, and might be able to diagnose high risk cases. a The correlation between the

expression levels of the three ExmiRs and the Fukuoka criteria. There were no significant differences in the expression of ExmiR-191, ExmiR-21 or

ExmiR-451a between FN, WF and HRS. However, the ExmiR-451a level appeared to be gradually increasing (p = 0.0602). b The association between the

expressions of three ExmiRs and clinical features, gender, age, cyst diameter, mural nodules, main pancreatic dilatation and Progression of cyst

diameter, in IPMN group was assessed. The ExmiR expressions were plotted and those median with interquartile range was also shown. The expression

of ExmiR-451a was significantly higher in the patients with mural nodules. Although there were no other significant differences, ExmiR-451a also

seemed to be high with a large cyst diameter and main pancreatic dilatation
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Fig. 5 ExmiR-21 was a candidate prognostic factor for the survival of PC patients. The association between the three ExmiRs and the clinical outcomes

in PC patients was evaluated. a, b PC patients were categorized into high- and low-ExmiR expression groups using the median miR value as the cut-

off point. a The survival analysis by Kaplan-Meier method with a log-rank test was shown. The overall survival in the high-ExmiR-21 expression group

was significantly shorter than that in the low-ExmiR-21 expression group (p = 0.0137, median OS of low-ExmiR-21 expression group: 846 days, median

OS of high-ExmiR-21 expression group: 344 days), but ExmiR-191 and ExmiR-451a were not associated with the survival of PC patients. With regard to

the other factors, UICC4 was a significant prognostic factor (p = 0.0232, median OS of UICC1,2,3: 1330 days, median OS of UICC4: 388.5 days). b

Multivariate survival analysis using Cox’s proportional-hazards regression model was performed to assess the relationship between the overall survival

and the following candidate prognostic factors that were found to be significant by the Kaplan–Meier method: UICC stage (stage IV) and ExmiR-21.

UICC stage IV (hazard ratio: 3.902, 95% CI: 1.416–10.750) and the high expression of ExmiR-21 (hazard ratio: 4.071, 95%CI: 1.382–11.996) were identified

as independent prognostic factors. c The association between the expressions of three ExmiRs and the clinical outcome of chemotherapy was also

assessed. The ExmiR expressions were plotted and those median with interquartile range was also shown. The expression of ExmiR-21 and ExmiR-451a

in the group with disease progression (PD) was significantly higher than in the group with complete response (CR), partial response (PR), or stable

disease (SD) (p = 0.0221, p = 0.0429, respectively)
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Discussion
The present study analyzed for the first time the serum

ExmiRs in PC and IPMN patients using a next-

generation sequencing, resulting that ExmiR-191,

ExmiR-21, and ExmiR-451a were identified as candidate

miRs which are dysregulated in IPMN and PC patients.

The qRT-PCR confirmed that the expressions of ExmiR-

191, ExmiR-21, and ExmiR-451a were increased in the

patients with PC and IPMN.

Previous reports have suggested that CmiRs are useful

for detecting or determining the prognosis of PC, invasive

IPMNs, and other cancers [12, 13]. In the present study,

we showed that the expressions of ExmiR-191, ExmiR-21

and ExmiR-451a were significantly up-regulated in PC

and IPMN. However, of note: the expressions of CmiR-

191, CmiR-21, and CmiR-451a were not markedly

changed between the control, IPMN, and PC groups, illus-

trating the utility of ExmiRs as detection makers of PC

and IPMN over CmiRs. CmiRs have been reported to be

stabilized in vesicles such as exosomes [14], and the exo-

somes in serum are highly enriched in miRs [11]. Tanaka

et al. also showed that circulating miR-21 originated from

exosomes, as the miR-21 expression was significantly

higher in exosomes than in the serum remaining after

exosome extraction [12]. These present and previous

findings therefore suggest that ExmiRs are more useful as

markers for tumor detection than CmiRs.

It should be noted that the current established tumor

markers were elevated in the advanced cancers, but not

in IPMN, while the ExmiRs were upregulated in both

IPMN and PC, including both early and advanced

phases. The diagnostic performance estimated by the

ROC curve analysis favorable AUC and accuracy as

compared to CEA and CA19–9 in IPMN and early stage

of PC, suggesting the levels of ExmiR-191, ExmiR-21,

and ExmiR-451a can thus serve as early diagnostic

markers of pancreatic neoplasms.

miR-191 has been reported to be up-regulated in a

wide range of human cancers, including PC [15].

miR-191 might be responsible for the abnormal ex-

pression of many target genes such as CDK9,

NOTCH2, and RPS6KA3 [16], as these genes have

been reported to be direct targets of miR-191 and

regulators of proliferation. In addition, miR-191 was

found to regulate cell invasion and differentiation,

facilitate extracellular matrix formation, and encou-

rage metastasis [15]. miR-191 was also found to up-

regulate p53 deletion and inhibit the expression of

the tumor-suppressive mRNA, C/EBPβ, thereby en-

hancing the tumor progression in colorectal cancer

[17]. Taken together, the findings from these previ-

ous studies show the oncogenic features of miR-191,

which supports our finding that ExmiR-191 is a

candidate diagnostic marker of pancreatic neoplasms.

miR-21 is also considered an oncogenic miR

because it is up-regulated in various cancers and

targets the tumor-suppressive mRNAs [18]. Previous

reports of basic studies have stated that overexpres-

sion of miR-21 promoted cellular proliferation, sur-

vival, and invasion and migration of cancer cells,

including PC cells [19, 20]. The overexpression of

miR-21 down-regulated the expression of tumor sup-

pressors such as PDCD4 and TIMP3 and promoted

cell proliferation, leading to the development of PC

[21, 22]. Conversely, the suppression of miR-21 re-

duced cancer cell survival and tumor growth in a

murine xenograft model [23]. Indeed, clinical studies

have shown that miR-21 was up-regulated in invasive

IPMN compared with noninvasive IPMN [24] and

was up-regulated in noninvasive IPMN compared to

normal pancreatic tissue. In the present study,

ExmiR-21 was identified as an early diagnostic

marker of pancreatic neoplasms, a finding which is

consistent with those of previous studies. Recent

studies have indeed reported that miR-21 reduced

the sensitivity of cancer cells to anticancer drugs

such as gemcitabine and 5-FU-based chemotherapy

[25], and the suppression of miR-21 increased sensi-

tivity to gemicitabine and induced apoptosis in PC

patients [26]. Furthermore, the overexpression of

miR-21 correlates with a poor prognosis after PC

resection, independent of other clinicopathologic fac-

tors [27]. Interestingly, ExmiR-21 was also identified

as a chemo-sensitive marker and a prognostic factor

for the overall survival in this study. Taken together,

these present and previous findings suggest that

miR-21 plays a role in pancreatic carcinogenesis.

miR-451a is located on chromosome 17q11.2 in

humans and has been reported to suppress cell prolif-

eration and colony formation by targeting the Ywhaz

(14–3-3zeta) gene, RAB14 protein, and activating

transcription factor 2 (ATF2). It is therefore consid-

ered to be a tumor-suppressive miR in several human

malignancies [28, 29]. In addition, a clinical study

showed that miR-451a expression was down-regulated

in cancer tissue, and low miR-451a expression tends

to be associated with metastasis and shorter survival

duration [30]. These findings suggest that miR-451a

acts as a tumor suppressor. In our analysis, ExmiR-

451a expression was significantly increased in both

the IPMN and PC groups. A high expression of

ExmiR-451a might be induced by a positive feedback

system due to the progression of the pancreatic

tumor. Further analyses of the miR-451a expression

in IPMN and PC cells will be needed to fully clarify

the role of miR-451a in the development of PC.

The present study was associated with some limita-

tions. We investigated biomarkers using serum samples
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from 32 patients with PC, 29 patients with IPMN and 22

healthy volunteers as a discovery cohort. To validate the

efficacy of three ExmiRs, further studies should be con-

ducted using large cohorts. In addition, the present

study focused on IPMN and PC, and did not include

cases with other pancreatic cystic neoplasms. A further

analysis that includes patients with cystic neoplasms as

well as those with non-neoplasms should be performed

to identify biomarkers that can be used to distinguish

IPMN from other cystic lesions.

Conclusions

In summary, the present study revealed that serum

levels of ExmiR-191, ExmiR-21, and ExmiR-451a are up-

regulated in PC and IPMN patients. These findings

encourage the development of a novel non-invasive

strategy for diagnosing pancreatic neoplasm by deter-

mining the expressions of ExmiR-191, − 21 and -451a

enclosed in exosomes.

Additional file

Additional file 1: Table S1. The differences in the expression of

exosomes between the IPMN and PC patients. An ELISA revealed no

significant difference in the CD63 expression of exosomes in the serum

samples, indicating that the expression of exosomes did not markedly

differ among the groups (PC = 31, IPMN = 29, control = 20).
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