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Abstract

Background MicroRNAs (miRNAs) have long been

established to remain stable in circulation, and dysregu-

lated miRNAs in serum of tumor patients could potentially

serve as novel biomarkers.

Aims To determine whether certain serum miRNAs could

represent potential diagnostic and prognostic biomarkers

for pancreatic ductal adenocarcinoma (PDAC).

Methods About 35 patients diagnosed with PDAC at

different stages between August 2007 and January 2009

were enrolled in this study. Sera from 15 chronic pancre-

atitis (CP) patients and 15 healthy individuals were treated

as controls. Quantitative real-time polymerase chain reac-

tion assays specific to mature miRNAs were used to

quantify the relative levels of those PDAC-associated

serum miRNAs.

Results Of the seven miRNAs detected, three were

identified as differentially expressed in PDAC and control

groups. miR-21 was able to distinguish PDAC patients

from CP (p = 0.033) and healthy subjects (p = 0.001),

whereas miR-155 and miR-196a were able to differentiate

sera with sick pancreas (PDAC/CP) from normal pancreas

(p = 0.0002 and 0.010, respectively). Serum miR-196a

expression levels in unresectable PDAC (stages III and IV)

patients were significantly higher than those in resectable

(stages I and II) patients (p = 0.001). Furthermore, serum

miR-196a expression level was found to have a potential

value in predicting median survival time of PDAC patients

(high-level miR-196a, 6.1 months, (95% CI, 4.49–7.72)

versus low-level miR-196a, 12.00 months, (95% CI, 5.92–

18.08), p = 0.007).

Conclusions Serum miR-196a could be a potential non-

invasive marker for PDAC prognosis and selection of

laparotomy.
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Abbreviations

miRNA microRNA

PDAC Pancreatic ductal adenocarcinoma

CP Chronic pancreatitis

ROC Receiver operating characteristic

TNM Tumor-node-metastasis

Introduction

Pancreatic cancer is one of the most devastating and rap-

idly fatal cancers, the incidence of which is almost equal to

case-fatality. Surgical resection offers the most ideal

treatment selection with prolonged survival for patients

with resectable disease [1, 2]. However, the overwhelming
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majority of patients with newly diagnosed pancreatic can-

cer arrive with unresectable stage III and stage IV diseases

[3, 4]. Good biomarkers, especially those that are non-

invasive, are urgently needed in the field of diagnosing

pancreatic cancer before they become unresectable. Due to

the relatively easy accessibility of serum or plasma, cir-

culating biomarkers remain one of the most promising

means of diagnosis.

microRNAs (miRNAs) are endogenous, small (18–

25 nt), non-coding RNAs that repress the expression of

mRNAs by either cleavage or translational repression

through perfectly or imperfectly binding to the 30

untranslated region of target mRNAs. miRNAs were first

discovered in 1993, and not until 8 years later were they

found to be involved in multiple important biological

processes, including development, differentiation, cancer,

etc. The most recent release of the miRBase Registry

(http://microrna.sanger.ac.uk/) (14.0, released on Septem-

ber 2009) lists more than 700 different miRNAs identified

in humans [5]. These miRNAs may regulate expression of

more than one-third of human genes [6].

In 2008, Lawrie et al. first established the existence of

miRNA in circulation, which highlighted the potential of

miRNAs as non-invasive diagnostic markers and their

promising applications in therapy and prognostication

against cancerous diseases [7]. This notion was further

validated by similar studies and has extended beyond the

clinical oncology domain. For instance, among 95 miRNAs

screened, miR-92 emerged to be a potential plasma marker

for colorectal cancer [8]. For PDAC, miR-21 [9], miR-155

[10], and miR-196a [11] have proved to be promising

markers by analysis of cancerous tissues. However, whe-

ther the associated alteration in serum miRNA levels could

be detected in PDAC patients remains to be determined.

The current study investigated whether circulating

miRNAs could be detected in serum of patients with

PDAC, and whether expression levels of specific miRNAs

differed between PDAC patients and healthy individuals.

Knowing that PDAC often occurs in a background of

chronic pancreatitis (CP), we also use CP serum as a sec-

ond control. Since ‘‘tumor is a wound that never heals’’

[12, 13] and highly expressed miRNAs in specific tissues

may leak into circulation as biomarkers for tissue injuries

[14–17], we hypothesized that those highly expressed

miRNAs in PDAC tissues might be detectable in circula-

tion as biomarkers. On the basis of this notion, we inves-

tigated in serum the expressions of miR-21, 155, 196a,

181a, 181b, 221, and 222, all of which were validated to be

highly expressed in tissues of PDAC, to see if they could

serve as good biomarkers for PDAC detection. If certain

miRNAs levels were different between PDAC, CP, and

normal, further analysis would be done to explore their

relationship with tumor staging and survival.

Patients and Methods

Patients and Serum Samples

In total, 65 serum samples were used in this study,

including 35 from PDAC patients, 15 from CP patients,

and 15 from normal persons. Histopathologic diagnosis of

PDAC were determined by the WHO criteria and con-

firmed by post-pancreatectomy pathology. All serum

samples were collected 1 day before surgery and then

properly stored. Diagnosis of CP was determined according

to the Asia-Pacific consensus for chronic pancreatitis [18].

The demographic data and patient information are shown

in Table 1. Samples of serum from the individuals enrolled

in our study were stored at -80�C within 3 h after col-

lection. Post-resection survival time of PDAC patients was

calculated from the initiation date of surgery until the date

of death or the last follow-up visit.

Informed consent was obtained from participants for the

use of their blood samples in this study. This project was

approved by the Ethics Committee of Shanghai Changhai

Hospital (Shanghai, China). All patients were considered

sporadic cases on the basis that no family histories of

PDAC or chronic pancreatitis were reported. Tumors were

staged according to the sixth edition of the AJCC tumor-

node-metastasis (TNM) staging system. No patient had

received chemotherapy or radiotherapy before blood

sampling.

Serum Collection

Blood samples for miRNA detection were collected form

individuals of three different groups, and were allowed to

sit at room temperature for a minimum of 30 min and a

maximum of 2 h. Separation of the clot were accomplished

by centrifugation at 1,200 g at 4�C for 20 min. Each serum

sample (500 ll at least) was moved into a 1.5-ml Eppen-

dorf tube, leaving enough serum in the original tube such

that the lowest point of the meniscus did not touch the clot.

Then the samples were stored at -80�C waiting for further

extraction for total RNA isolation.

Table 1 Demographic data of serum samples corresponding to

human pancreatic ductal adenocarcinoma patients, chronic pancrea-

titis patients, and healthy control individuals

PDAC CP Normal p value

Sex (M/F) 19/16 7/8 8/7 NSb

Agea (mean ± SD) 59.9 ± 9.0 59.2 ± 11.6 61.6 ± 14.2 NSb

a Age of individual at the time of sample collection (years)
b Not significant
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RNA Extraction

All serum samples were thawed on ice and 200 ll of each

sample was transferred to a tube containing 750 ll TRI

Reagent BD (Molecular Research Center, Inc., Cincinnati,

USA) and 20 ll 5 mol/l acetic acid. Five microliters of

synthetic C. elegans miRNAs cel-miR-39 (50 pmol/l,

synthetic RNA oligonucleotides synthesized by Qiagen)

was added to each denatured sample as the spiked-in

control [17, 19]. RNA was isolated using the TRI Reagent

BD following the manufacturer’s protocol. Each obtained

RNA pellet was resuspended in 40 ll nuclease-free water

and stored at -80�C.

Serum miRNA Quantification by Real-Time

Quantitative RT-PCR

A TaqMan miRNA real-time RT-PCR kit (Applied Bio-

systems) was used to detect and quantify the mature

miRNA existing in total RNA extracted from sera. Briefly,

2 ll of serum-derived total RNA (from 10 ll of serum)

was reverse transcribed by TaqMan� miRNA RT Kit.

Negative controls were included with every real-time RT-

PCR assay, and no amplification of the signal was detected

when nuclease-free water was added instead of RNA or

cDNA sample. Data were analyzed with 7500 software

v.2.0.1. (Applied Biosystems), with the automatic Ct set-

ting for adapting baseline and threshold for Ct determina-

tion. RT-PCR assays were performed in triplicate on

each cDNA sample. Data obtained were translated in log2

(relative level).

Statistical Analysis

With SPSS 13.0 software (SPSS Inc., IL, USA), relative

quantifications of the studied miRNAs were compared

between groups using Student’s t test, ANOVA, or non-

parametric methods. Receiver operating characteristic

(ROC) curves were established for discriminating patients

with resectable or unresectable PDAC. The median sur-

vival time of post-operative survival analysis was evalu-

ated by the Kaplan–Meier method and log-rank analysis.

A p value of less than 0.05 (two-sided) was defined as

statistically significant.

Results

Patient Information

A total of 65 participants including 35 PDAC patients, 15

CP patients, and 15 healthy volunteers were recruited in

current study (Table 1). There was no significant difference

in age and sex distribution between three groups.

Distinct miRNA Signatures of Sera from PDAC

Patients, CP Patients, and Normal Individuals

Expression levels of seven PDAC-associated miRNAs

(miR-21, 155, 196a, 181a, 181b, 221, and 222) were

compared in serum samples from patients with PDAC

(n = 35), CP (n = 15), and healthy controls (n = 15).

Although these miRNAs were previously identified to be

relatively abundant in PDAC tissues, our results showed

that serum miRNA signature was not fully consistent with

that of solid tumors. We found that miR-21 could differ-

entiate PDAC from CP and healthy individuals (p = 0.033

and 0.001, respectively), corresponding to an average fold

change of 2.26 (PDAC vs. CP and normal), whereas miR-

155 and miR-196a could differentiate sera with sick pan-

creas (PDAC and CP), from those from healthy controls

(p = 0.0002 and 0.010), corresponding to an average fold

change of 5.86 and 36.14, respectively. However, the

expression levels of the other four miRNAs (miR-181a,

181b, 221, and 222) exhibited no significant differences

between three studied groups (p = 0.156, 0.207, 0.698, and

0.254) (Fig. 1). To highlight the potential value of tumor-

abundant miRNAs’ elevation in serum, we also tested the

relative level of a non-tumor-associated miRNA (miR-16).

Our results showed no significant difference of this non-

tumor-associated miRNA among studied groups, suggest-

ing that PDAC or CP would not cause general elevation of

serum miRNAs.

Relationship Between Serum miR-196a Expression

and Resectability of PDAC

Next, to evaluate the clinical significance regarding three

elevated miRNAs in serum, we subgrouped PDAC into

different clinical stages according to the sixth edition of the

current AJCC staging system (Table 2) [20]. As surgical

resection offers the only chance of cure for PDAC patients,

and whether the primary tumor can be removed represents

the strongest prognostic factor for patients with this disease,

differentiation of the patients with resectable PDAC from

those unresectable becomes critical for surgeons’ selection

of laparotomy. By classifying 35 PDAC patients into

resectable group (stages I and II) and unresectable group

(stages III and IV), it was found that serum miR-196a

expression level in the unresectable group was significantly

higher than that in the resectable group (p = 0.001)

(Fig. 2a). ROC curve analyses revealed that the serum level

of miR-196a was a useful biomarker for differentiating

PDAC resectable from those unresectable PDAC, the ROC

curve area being 86.4% (95% CI = 0.745–0.983) (Fig. 2b).
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At the cut-off value of -5.22 (log2 relative level), the

sensitivity was 100% and the specificity was 75% (Fig. 2a).

No significant correlation was observed between expression

levels of the other six miRNAs (miR-21, 155, 181a, 181b,

221, 222) and resectable status in this series of cases

(p = 0.159, 0.736, 0.375, 0.833, 0.520, 0.136, respectively)

(Fig. 2c). Expression levels of miR-196a in sera are asso-

ciated with the TNM staging of PDAC and thus provide

objective clues for the selection of laparotomy on the part of

surgeons.

Predictive Value of Serum miR-196a for PDAC

Survival

Knowing that surgically removing primary tumor repre-

sents the strongest prognostic factor for patients with

PDAC and high level serum miR-196a was identified to be

associated with less probability of resectability, the impact

of serum expression level of miR-196a on survival of

PDAC patients was investigated. Of the 35 PDAC patients,

32 were still in the follow-up list by June 2009 and the

other three were lost from the follow-up plan (Table 2).

Kaplan–Meier survival curves were generated and com-

pared by log-rank analysis. Based on the relative quanti-

fication data of miR-196a, -5.22 (log2 relative level) was

taken as the cut-off value to classify all PDAC patients into

high miR-196a and low miR-196a groups. Patients with

high expression of miR-196a had a median survival of

6.1 months (95% CI, 4.49–7.72) versus 12.0 months (95%

CI, 5.92–18.08) for those with low expression (p = 0.007).

High expression of miR-196a, which was seen in 48.6% of

tumors, resulted in a 1-year expected survival of zero

versus 40.6% for low expression (Fig. 3). This result was

consistent with the study published in JAMA, which indi-

cated that high expression of miR-196a-2 in pancreatic

tissue was found to predict poor survival [11].

While we were preparing these results for publication,

another research group reported that a panel of four miR-

NAs (miR-21, 210, 155, and 196a) in combination had a

reasonable power to differentiate PDAC from healthy

controls [21], which was somewhat similar to our results.

Given the totally different prognoses that two diseases have

and common features that they hold, notably that PDAC

often occurs in a background of CP, we think it is worthy to

use CP serum samples as the other control besides healthy

individuals. Though Wang et al.’s work suggested that a

panel of four miRNAs, including miR-155 and miR-196a,

could be used to diagnose PDAC with good sensitivity and

specificity, our results showed that the expression levels of

miR-155 and 196a in CP sera were also significantly ele-

vated compared to normal controls, which may lower their

diagnostic efficacy for PDAC. Furthermore, although no

significant difference in serum miR-21 and 155 in cancer

samples of different stages was observed in our study,

which was consistent with the finding of Wang et al., we

found that miR-196a was able to differentiate resectable

PDAC from unresectable PDAC, implying that miR-196a

may be a potential marker for laparotomy selection.

Fig. 1 Differential amounts of eight miRNAs in sera of PDAC, CP,

and normal. miR-21 (a) was able to distinguish PDAC from CP and

normal, miR-155 (b) and miR-196a (c) were able to distinguish

normal from PDAC and CP. There is no general elevation in the

expression (d) of either those tumor-associated miRNAs (miR-181a,

181b, 221, and 222) or those non-tumor-associated miRNAs

(e.g., miR-16)
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Further follow-up study consolidated serum miR-196a’s

prognostic value for PDAC. Sampling bias may be the key

factor leading to the distinction between two articles. As

our sample size is small, a large and well-defined cohort is

required in independent studies for further confirmation.

Discussion

Although there is a long history of investigation of circu-

lating DNA as biomarkers in many fields, studies of cir-

culating RNA are still in its infancy. Since tremendous

RNases in circulation were widely thought to be a chal-

lenge to RNAs [22], we used to speculate that miRNAs

could not keep intact in plasma/serum [23]. RNAs detected

in cell-free blood were considered as degraded fragments

of large-molecular-weight RNAs. However, this opinion

has been changed since Lawrie et al. [7] demonstrated that

miR-21, the finding circulating miRNA, existed in sera

from diffuse large B-cell lymphoma patients and high

expression levels of it were found to be associated with

improved relapse-free survival times. Nowadays, resear-

ches on circulating miRNAs have emerged in many fields,

including prostate cancer [19], acute leukemia [24], fetal

Table 2 TNM stage and follow-up results of 35 PDAC patients (by June 2009)

Sample

ID

Pathological

diagnosis

TNM

stage

Clinical

stage

Date of death

(mm/year)

Follow-up months Year of sample

collection

01 PDAC T3N1M1 IV 02/2008 4.0 2007

02 PDAC T2N0M0 IB Loss of follow-up 2007

03 PDAC T3N1M1 IV 11/2007 3.0 2007

04 PDAC T3N0M0 IIA 03/2009 16.5 2007

05 PDAC T4N0M0 III 02/2008 6 2007

06 PDAC T3N1M0 IIB 05/2008 8.7 2007

07 PDAC T3N1M1 IV 07/2008 7.0 2007

08 PDAC T4N1M0 III 05/2008 6.1 2007

09 PDAC T3N0M0 IIA 11/2008 12.0 2007

10 PDAC T3N1M1 IV 02/2008 3.0 2007

11 PDAC T2N1M0 IIB Loss of follow-up 2008

12 PDAC T2N0M0 IB 01/2009 8.5 2008

13 PDAC T3N0M1 IV 11/2008 5.9 2008

14 PDAC T2N0M0 IB Survive 10.6 2008

15 PDAC T3N1M0 IIB Survive 8.5 2008

16 PDAC T2N0M0 IB Survive 7.6 2008

17 PDAC T3N0M0 IIA Survive 7.4 2008

18 PDAC T3N1M0 IIB Survive Loss of follow-up 2009

19 PDAC T3N0M0 IIA 06/2009 10.0 2008

20 PDAC T2N0M0 IB 05/2009 8.6 2008

21 PDAC T2N1M0 IIB Survive 9.8 2008

22 PDAC T2N0M0 IB Survive 7.4 2008

23 PDAC T3N0M0 IIA 06/2009 7.0 2008

24 PDAC T2N0M0 IB Survive 7.0 2008

25 PDAC T4N1M1 IV 03/2009 3.5 2008

26 PDAC T2N1M0 IIB 04/2009 4.6 2008

27 PDAC T3N1M0 IIB Survive 6.0 2008

28 PDAC T2N0M0 IB 02/2009 2.7 2008

29 PDAC T2N1M0 IIB Survive 7.2 2008

30 PDAC T3N0M0 IIA 02/2009 2.1 2008

31 PDAC T3N0M0 IIB 04/2009 14 2008

32 PDAC T4N1M0 III Survive 7.4 2008

33 PDAC T2N0M0 IB Survive 10.0 2008

34 PDAC T4N1M0 III Survive 3.2 2009

35 PDAC T4N1M0 III Survive 5.1 2009
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medicine [25], stroke [26], colorectal cancer [8], drug-

induced liver injury [16], etc. Though the enigmatic

mechanism of their existence in serum/plasma remains to

be elucidated, the stability of miRNAs has been established

in almost all the literature concerning this field. Our study

further validated the existence of miRNAs in circulation

and firstly showed their potential utility as diagnostic or

prognostic biomarkers for PDAC.

In this study, we identified differential expressions of

three PDAC-associated miRNAs: miR-21, miR-155, and

miR-196a. miR-21 was able to differentiate PDAC patients

from those with benign pancreas (CP/normal), whereas

miR-155 and miR-196a could differentiate sick pancreas

(PDAC/CP) from normal pancreas. Too much attention has

been previously attached to the protein-based biomarkers,

while those newly developed up-regulated miRNAs in sera,

which are often associated with down-regulated proteins,

used to be neglected. Hence we deduced that a cluster of up-

regulated miRNAs combined with protein-based biomark-

ers will notably improve the diagnosis of cancers, perhaps

those masses ‘‘suspicious for malignancy’’. A preliminary

diagnostic strategy for these patients might be set up, with

the combination of the above three serum miRNAs.

Fig. 2 Validation of the association between serum miR-196a level

and PDAC’s resectability. a Scatter plot of miR-196a expression level

according to resectability of PDAC. Serum levels of miR-196a could

discriminate PDAC resectable from those unresectable (p = 0.001).

The dashed line indicates a 100% sensitivity and a 75% specificity

threshold with the cut-off of -5.22 (log2 relative level). b Serum

miR-196a yielded a receiver operating characteristic (ROC) curve

value of 86.4% (95% CI = 0.745–0.983). c Serum levels of other

tumor-associated miRNAs (miR-21, 155, 181a, 181b, 221, 222) are

not substantially different between two groups

Fig. 3 Kaplan–Meier overall survival curve for patients with PDAC,

based on expression levels of miR-196a in serum. Log2 relative

expression level equaling to -5.22 is taken as the cut-off value to

classify patients into high- or low-miR-196a groups

Dig Dis Sci (2011) 56:602–609 607
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miR-21 is a small multi-faceted miRNA that has been

proved to be up-regulated in numerous cancers, including

glioma, breast cancer, ovarian cancer, colorectal cancer,

gastric cancer, pancreatic cancer, etc. Thus it was used as the

best hit in a number of medium-scale and high-scale profiling

experiments designed for the detection of miRNAs dysreg-

ulated in cancers. A list of direct miR-21 targets have been

identified recently, including PDCD4, RECK, NFIB,

tropomyosin 1, etc. It should be noted that PDCD4 [27] and

RECK [28] are two tumor suppressors that have been proven

to be involved in the tumorigenesis of PDAC, which may

partly explain the role that the miR-21 elevation plays.

Nevertheless, miR-21 has also been identified to be consis-

tently induced in response to hypoxia, a pathophysiological

setting accompanying cancer, and elevated expression of

miR-21 was reported in sera of other tumors, both of which

lower the specificity of this potential biomarker. As stressed

by Dillhoff M et al. [9], miR-21 was overexpressed in pan-

creatic cancer tissue and could be a potential predictor of

survival, while the serum results from the current study only

demonstrated its overexpression but did not find its prog-

nostic value. Further tissue-serum paired study is encouraged

to determine the diagnostic value of miR-21.

miR-155 is a typical multifunctional miRNA and the

first miRNA showed to increase in cancer. Elevated

expression of miR-155 has been verified in a cluster of

neoplastic diseases, e.g., 10–14-fold up-regulated in PDAC

as compared to that in normal pancreatic tissue [10]. The

distinguished ability of miR-155 to differentiate sick pan-

creas (PDAC and CP) from those healthy controls also

suggests its diagnostic utility as a first-line serum bio-

marker for early PDAC.

In addition, this study demonstrated for the first time that

the expression level of miR-196a in serum might signifi-

cantly impact postoperative survival. The expression level of

miR-196a in the unresectable (stages III and IV) PDAC

serum was significantly higher than that in the resectable

group (stages I and II) (p = 0.001), which may provide new

objective clues for selection of laparotomy. Notably, our

result is quite consistent with the data of Bloomston et al.

[11], who found that the expression level of miR-196a in

PDAC tissue was able to distinguish between long- and

short-term survivors. It would be of great value if further

studies could elucidate the correlation of these two levels

from different sources. We hypothesize that miR-196a may

be packaged inside exosomes that are secreted from PDAC

cells enriched of this survival-related miRNA. Exosomes are

a type of intraluminal vesicles derived from multivesicular

bodies that can be released into the extracellular milieu by

exocytic fusion with the plasma membrane [29]. Though

exosomes were long considered to shed unwanted proteins

from cells undergoing terminal differentiation [30], several

recent independent studies showed that secreted exosomes

contained biofunctional compositions, including proteins,

mRNAs, and miRNAs. They could be delivered to other

cells and function [31]. Although the mechanism by which

miR-196a promotes invasion and metastasis has not been

elucidated in PDAC, its involvement in tumorigenesis and

progression has been reported in other cancers [32–34].

Several studies have even evaluated its diagnostic potential

in clinical settings [35, 36]. Whether targeting miR-196a by

antisense oligonucleotides complementary to it (named

AMO or antagomirs) to abolish its function may eventually

improve the prognosis of PDAC needs to be confirmed in

future studies.

Though the results are promising, several limitations exist

in current study. Firstly, the sample size is small. Therefore

additional investigations with larger cohorts of healthy

people and patients are needed to extensively evaluate the

miRNAs as practical biomarkers for PDAC. qPCR by rela-

tive quantification approach becomes less accurate if being

used to measure those low-level miRNAs that fall out of the

linear of the assay. More accurate approaches are encouraged

to further validate the results of current study. A paired tissue

study has not been done but we think it would not affect the

goal of serum biomarker screening. A fall down level of

these miRNAs after operation by dynamic evaluation would

strengthen their role in PDAC. Finally, miRNAs other than

those reported in this article might also be identified as serum

PDAC markers in future reports.

As a conclusion, our results indicate that sera from

patients with PDAC have a unique miRNA expression

pattern compared to normal as well as chronic pancreatitis.

This study suggests that the amount of miRNAs in serum

have potential as diagnostic and prognostic biomarkers for

cancer, including PDAC. miR-196a could prove to be a

potential noninvasive molecular marker for PDAC prog-

nosis and selection of laparotomy. As circulating microR-

NAs ‘‘are not the molecular remnants, of once-living tumor

cells, but rather of utmost functional importance’’ [37],

we will further study the mechanism by which miRNAs

affect PDAC’s biology and explore the possible therapeutic

effects involved in it.
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