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ABSTRACT
Context Cytological assessment of pancreatic juice is confynosed to diagnose pancreatic ductal adenocamanbowever, the
sensitivity of cytological assessment has beenrtegdo be low. MicroRNAs are small RNAs regulatirgious cellular processes
and have recently been identified as possible mauddemalignant diseases including pancreatic daatanocarcinomaDbjective
The purposes of this study were to prove the exigteof microRNAs in pancreatic juice and to detesmwhether specific
microRNAs in pancreatic juice could be used for ding pancreatic ductal adenocarcinoiathods Relative expression levels of
microRNA-21 and microRNA-155 in formalin-fixed paraffembedded tissues of resected specimens (narnBjpancreatic juice
samples collected using preoperative endoscopiogretde cholangiopancreatography (no. 21) weretdigghand their expression
levels were then compared to pancreatic ductal adeninoma and chronic pancreatiti®esults Relative expression levels of
microRNA-21 in tissue and pancreatic juice samplesewsignificantly higher in pancreatic ductal ad=moinoma than those in
chronic pancreatitis (P=0.009 and P=0.021, respagji The same results were obtained in the ezmrdevels of microRNA-155
in tissue and pancreatic juice between pancreatictal adenocarcinoma and chronic pancreatitis (P=0.and P=0.021,
respectively). Expression levels of microRNA-21 anidroRNA-155 did not correlate with the preoperatiygological results of
pancreatic juiceConclusion MicroRNA-21 and microRNA-155 in pancreatic juice bathe potential of becoming biomarkers for
diagnosing pancreatic ductal adenocarcinoma.

INTRODUCTION sensitivity of cytological assessment has beenrtego

to range from 40 to 60% [3, 4]. Therefore, the
identification of unique molecules in pancreatiécgu
targeting pancreatic ductal adenocarcinoma is
necessary for an early and definitive diagnosis of
pancreatic ductal adenocarcinoma.

MicroRNAs (miRs) are 18-24 nucleotide RNA
molecules which modulate the translation of specifi
MRNAs and play an important role in a wide range of
physiologic and pathologic processes [5]. Several
recent studies have identified the overexpressibn o
miRs in pancreatic ductal adenocarcinoma by the use
of resected specimens. Szafransitaal. [6] have
studied the expression profiling of miRs using ctse
specimens of pancreatic ductal adenocarcinoma and
have demonstrated that a total of eleven miRs

Pancreatic ductal adenocarcinoma is the fifth legdi
cause of cancer deaths in Japan and fourth in the
United States. Chemoradiotherapy has been shown to
prolong survival time in recent years; however, the
prognosis remains extremely poor with a median
survival time of less than 24 months [1, 2]. Thempo
prognosis of pancreatic ductal adenocarcinoma & du
to the difficulty of achieving an early diagnosis i
addition to its aggressive malignant behavior.
Endoscopic  retrograde  cholangiopancreatography
(ERCP) and subsequent cytological assessment of
pancreatic juice is frequently used to diagnose
pancreatic ductal adenocarcinoma; however, the
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to chronic pancreatitis, and we also found high
expression levels of miR-21 in pancreatic cancéls ce
[9]. Habbe et al. [10] reported that miR-155 was
postoperatively. overexpressed in the cystic cdateh
intraductal papillary mucinous neoplasms of the
pancreas (IPMN) On the other hand, the expresdion o
miRs in pancreatic juice has not been assessedt¢o d
in patients with pancreatic ductal adenocarcinoma.

In this preliminary study, we focused on miR-21 and
miR-155, based on the previous findings as destribe
above, and evaluated the expression levels of these
miRs in pancreatic juice in patients with pancreati
ductal adenocarcinoma.

MATERIALSAND METHODS

Formalin-fixed paraffin-embedded tissue samples and
pancreatic juice samples were collected from ptien
treated at our hospital between 2006 and 2009. The
diagnosis of pancreatic ductal adenocarcinoma was
determined by the pathological results of resected
specimens while that of chronic pancreatitis waslana
based on the pathology of the resected specimens or
clinical findings at the time of initial diagnosand
during a follow-up period of at least 12 months.

Tissue Samples

Formalin-fixed paraffin-embedded tissue samplesswer
collected from 9 patients with pancreatic ductal
adenocarcinoma and three patients with chronic
pancreatitis who underwent pancreatectomy. One
normal pancreatic sample was also collected froen th
normal pancreas tissue of one patient with PDAC;
therefore, 4 control samples were available. Using
section slides having a 10 pm thickness,
macrodissection was performed as previously regdorte
[11].

Pancreatic Juice Samples

Pancreatic juice samples were obtained from 16
patients with pancreatic ductal adenocarcinoma &and
with chronic pancreatitis. A 5-Fr wedge pressure
balloon catheter was inserted into the main paticrea
duct during ERCP, and the duodenoscope was then
removed from the patient, leaving the catheterace
Pancreatic juice was collected through the catHeter
10 to 20 minutes after an intravenous administnagib

1 ug of secretin (ChiRhoClin, Inc., Burtonsville,Oy!
USA) dissolved in 5 mL of 0.9% saline. About 102®

mL of pancreatic juice were usually collected bisth
method, and half of the pancreatic juice collecte
sent to the pathological unit for cytology. The ath
half was centrifuged for 20 minutes at 3,000 rpm at
4°C, and the pellet was separated from the superhat
and stored at -20°C for later molecular analyses.

I solation of RNA

Total RNA was extracted from the cell pellets of
pancreatic juice according to the standard guaiidin

thiocyanate-phenol-chloroform protocol with glycoge
(mirVana PARIS Kit.; Applied Biosystems, Carlsbad,
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CA, USA), and from sections isolated by

macrodissection with a PicoPure RNA Isolation Kit
(Arcturus Bioscience, Mountain View, CA, USA) with

DNase | treatment according to the manufacturer’s
instructions [11]. The concentration of RNA was
measured with a NanoDrop ND-1000

spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA), determining absorbance at 260
and 280 nm. RNA integrity was assessed with an
Agilent Bioanalyzer 2100 (Agilent, Palo Alto, CA,

USA).

Quantitative Real-Time Reverse Transcription-PCR
Assay for miR-21, miR-155, and miR-191

Quantitative real-time reverse transcription-PCRTq
PCR) was performed with a Chromo4 Real-Time PCR
Detection System (Bio-Rad Laboratories, Hercules,
CA, USA) using a TagMdh MicroRNA Reverse
Transcription Kit and TagM&hUniversal PCR Master
Mix (Applied Biosystems, Carlsbad, CA, USA), in
accordance with the manufacturer’s instruction [jr

the measurement of miR-21, miR-155, miR-191 and
RNU6B expression (U6 snRNA, a reference gene), we
performed two-step qRT-PCR with specific primers fo
miR-21, miR-155 and RNUG6B (designed by Applied
Biosystems, Carlsbad, CA, USA), following the
manufacturer’s protocol. Briefly, the reaction noibe
was initially incubated at 16°C for 30 min, 42°CG &0
min and 85°C for 5 min, and then held at 4°C far th
reverse transcription step until the preparationtfe
PCR reaction had been completed. PCR amplification
was initiated with one cycle of 95°C for 10 min to
activate the AmpliTag Gofd Enzyme (Applied
Biosystems, Carlsbad, CA, USA), followed by 40
cycles of 94°C for 15 s and 60°C for 60 s. Eachgam
was run in triplicate wells. The levels of miR-2tda
miR-155 expression were calculated from a standard
curve constructed with small RNAs from the Suit-2
pancreatic cancer cell line. The miR-21 and miR-155
expression levels were stable and constant in tifte2S
pancreatic cell line. We used the dCT method to
calculate the miR expression. Normalizations were
carried out with small nuclear RNA U6 (RNUG6B;
Applied Biosystems, Carlsbhad, CA, USA) or miR-191
[12]. Peltier and Latham [12] reported that miR-191
one of the most stable micro RNAs. Their data sstyge
that miR-191 is more likely to be a reasonable ohoi
than the default use of U6 and 5S.

ETHICS

Written informed consent was obtained from all
patients, the study was approved by ethical and
surveillance committees of Kyushu University Hoapit
and conducted according to the Helsinki Declaration

STATISTICS

Statistical analysis was performed with the JMR.17.0
(SAS Institute, Inc., Cary, NC, USA). The Mann-
Whitney U test was utilized to evaluate the differes
between the two groups. Differences were considered
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Figure 1. Expressions of RNA U6 (U6) and microRNA-191 (miR-
191) in pancreatic juice samples. Tlaenples were obtained from
patients with pathologically confirmed pancreatioctl adeno
carcinoma (PDAC) and from 5 patients with chronic paatitis
(CP). MicroRNA191 was detectable in all pancreatic dt
adenocarcinoma samples and 3 chronic pancreaditiples whil:
RNA U6 was detected in 12 of thd6 pancreatic ducl
adenocarcinoma samples and 3 of the 5 chimancreatitis sample
Sample numbers (1-15) correspond to the sample etsnib Table 1.
N/D: not detectabl
Ct: threshold cycle
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significant when the two-tailed Palue was less than
0.05.

RESULTS

Expression of RNA U6 and miR-191 in Pancreatic
Juice Samples

Sixteen pancreatic juice samples obtained fromeptsi
with  pathologically confirmed pancreatic ductal
adenocarcinoma were analyzed for the expression of
RNA U6 and miR-191 to assess the quality of our
experiments. As shown in Figure 1, miR-191 was
detectable in all the samples. On the other haiA R
U6 was detected in 12 of the 16 samples. These 12
samples were used for the additional analyses Bf mi
21 and miR-155 expression in pancreatic ductal
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Figure 2. Expression of microRNA-21 in formalin-fixed paiaff
embedded (FFPE) tissue and pancreatic juice sarigpsown ina
box-andwhisker diagram, which presents the smallest ange&
observations (except outlier(s); box)datower quartile, media
upper quartile (whiskers). Relative expression lewé microRNA-
21 in tissue (P=0.009) and pancreatic juice sam(tef.021) wer
significantly  higher in patients with pancreaticducta
adenocarcinoma (PDAC) as compared to tlemtrols: chroni
pancreatitis (CP) and normal pancreas (NP).
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adenocarcinoma patients (sample number 1-12). Three
of the 5 pancreatic juice samples from chronic
pancreatitis patients were available for the addl
analyses while the other two were not because miR-
191 was not detected.

Expression of miR-21 and miR-155 in Formalin-
Fixed Paraffin-Embedded and Pancreatic Juice
Samples

Figure 2 demonstrates that the relative expression
levels of miR-21 in formalin-fixed paraffin-embedtle
(P=0.009) and pancreatic juice samples (P=0.021¢ we
significantly higher in patients with pancreaticcthl
adenocarcinoma as compared to those in the controls
(chronic pancreatitis and normal pancreas).

Figure 3 shows that the relative expression leeéls
miR-155 in  formalin-fixed paraffin-embedded
(P=0.014) and pancreatic juice samples (P=0.021¢ we
significantly higher in patients with pancreaticcthl
adenocarcinoma as compared to those in the controls
(chronic pancreatitis and normal pancreas).

Relationship between Pancreatic Juice Cytology
and Expression Levels of miRs

The presence of atypical cells (class IlI-IV-V) in
pancreatic juice samples was found in 5 of 12 pttie
with pancreatic ductal adenocarcinoma (41.7%, 3 of
class Ill, 2 of class IV, and none of class V) (Fig4).
The rtelationship between the pancreatic juicelogi
and the expression levels of miRs in 12 patientsniga
pancreatic ductal adenocarcinoma are shown in &igur
5. Expression levels of miR-21 in pancreatic juafe
patients with a cytological result of non-atypicalls
(no. 7, 58.3%; all of class Il) were not signifitign
different from those of the atypical results (PZ&BR
The same finding was observed in the expressiazidev
of miR-155 in pancreatic juice between non-atypical
and atypical results (P=0.592). Table 1 shows the
details of the samples.
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Figure 3. Expression of microRNA-155 in formalin-fixed pdiaf
embedded (FFPE) tissue and pancreatic juice sarigpswn ina
box-andwhisker diagram, which presents the smallest ange&
observations (except outlier(s); box) and lowerrtjiga median, an
upper quartile (whiskers). Relative expression lEwé microRNA-
155 in tissue (P=0.014) and pancreatic juice sasn(ie0.021) wel
significantly  higher in patients with pancreatic duc
adenocarcinoma (PDAC) as compared to tlemtrols: chroni
pancreatitis (CP) and normal pancreas (NP).
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Figure 4. a. Non-atypical cells in pancreatic juice (x400)Atypical
cells in pancreatic juice (x400).

DISCUSSION

Our present study analyzing the expression levéls o
miRs in pancreatic ductal adenocarcinoma tissue
samples and pancreatic juice collected by preoperat
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Figure 5. the relationship between pancreatic juice cytolagy
expression levels of microRNAs in 12 patients vgémcreatic duct
adenocarcinoma is shown in a box-amuisker diagram, whic
presents the smallest and largest observationgexatlier(s); bo»
and lower quartile, median, and upper quartile $kiis). The
expression level of microRNA-21 (miR-21) in patenwith non
atypical results (no. 7) was not different from ttloé the atypica
results (no5). The same result was obtained in the expredsiai
of microRNA-155 (miR-155) in pancreatic juice beéme non
atypical and atypical cytology results.

ERCP demonstrated several informative results [1].
MiRs were detectable in pancreatic juice [2]. The
expression levels of miR-21 and miR-155 in pandéceat
ductal adenocarcinoma were significantly highemtha
those in chronic pancreatitis, and the same resdts
obtained in formalin-fixed paraffin-embedded saraple
[3] The expression levels of miR-21 and miR-155aver
not correlated with the results of pancreatic juice
cytology.

Direct pancreatography for the morphological
evaluation of the pancreatic duct and subsequent
pancreatic juice collection for cytology are theldyo
standard for the diagnosis of pancreatic ductal
adenocarcinoma; however, the sensitivity of
cytological assessment has been unsatisfactorg][3,
Therefore, several analyses of pancreatic juicepkzsm

to detect the new molecules have been attempted to

Table 1. Details of the patients with pancreatic ductalrembarcinoma and chronic pancreatitis.

1D Sex Age Tumor Tumor CA 199 Cytological Relative expression of miR-21 and miR-191
(year) location stage (U/mL) findings miR-21/miR191 miR-155/miR191

Pancreatic ductal adenocarcinoma

#1 Male 7 Head 1] 349.6 Non-atypical 2.28+0.20 3633

#2 Male 64 Diffuse I 38.4 Atypical 10.65+0.30 37.1386

#3 Male 64 Tail IVb 1174.0 Atypical 6.72+0.57 48.3886.

#4 Male 76 Head IVa 88.2 Atypical 6.69+0.08 15.86+0.16

#5 Male 76 Head IVa 1.2 Non-atypical 3.38+0.14 11.0880

#6 Female 76 Head 1] 544.2 Non-atypical 2.70+0.46 6831.43

#7 Male 63 Body 1 372.2 Non-atypical 3.44+0.07 3810416

#3 Male 67 Head IVa 28.8 Non-atypical 0.65+0.07 7.9980

#9 Male 70 Head i 0.6 Atypical 2.43+0.10 24.38+1.15

#10 Male 71 Head IVa 8.8 Non-atypical 22.1140.96 181R2¥

#11 Male 69 Head IVb 18.0 Atypical 7.21+1.81 44.38+1.57

#12 Male 55 Head IVa 480.5 Non-atypical 18.58+2.11 242070
Chronic pancreatitis

#13 Male 62 - - - Non-atypical 1.67+0.48 1.83+0.48

#14 Male 62 - - - Non-atypical 2.00+0.00 15.83+2.36

#15 Male 48 - - - Non-atypical 0.33+0.00 0.17+0.05

CA 19-9: carbohydrate antigen 19-9
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date in order to increase the possibility of disging
pancreatic ductal adenocarcinoma [11, 13]. MiRsshav
recently gained attention as being new biomarkers f
various malignant diseases, including pancreatatadu
adenocarcinoma [6, 7, 8, 9, 14, 15]. Previous fspor
have demonstrated that specific miRs in resected
specimens or in serum samples obtained post-
operatively from patients with pancreatic ductetzat
carcinoma and in cystic contents of IPMNs [6, 798,
10] could become new markers for the diagnosis of
pancreatic ductal adenocarcinoma and IPMNs. On the
other hand, as miRs in pancreatic juice in patigvitis
pancreatic ductal adenocarcinoma have not been
assessed to date, this is the first report whiciuates

the expression of miRs in pancreatic juice pre-
operatively and demonstrates the high expression
levels of some specific miRs in pancreatic juice of
pancreatic ductal adenocarcinoma patients as caupar
to those of chronic pancreatitis patients. MiR-2 bine

of the most frequently examined for various maligna
diseases including pancreatic ductal adenocarcinoma
and cancers of the lung, stomach, breast, colod, an
prostate [7, 8, 9, 14, 15, 16, 17]. We have regentl
shown that miR-21 enhances proliferation, invasion
and gemcitabine-resistance of pancreatic cancés cel
by affecting matrix metalloproteinase-2 and -9 and
vascular endothelial growth factor expressions [9].
Chanet al. [16] demonstrated that miR-21 plays an
important role in preventing apoptosis using
glioblastoma cell lines. The present study alsoastb
higher expression levels of miR-21 in tissue sasple
pancreatic ductal adenocarcinoma as compared se tho
of chronic pancreatitis and, therefore, the expoess
levels of miR-21 in pancreatic juice were expedied
reflect the miR-21 levels in main tumors.

MiR-155 has been reported to be associated with
activation of lymphoma cells, such as diffuse lazgh,
Hodgkin’s and Burkitt types [18, 19]. Others have
shown that miR-155 regulates T-cell activation and
immune responses [20, 21]. Therefore, the main
function of miR-155 might be the regulation of
lymphocytes. Although the role of miR-155 in
carcinogenesis or cancer progression has not been
adequately understood, several articles have rmgort
high expression levels of miR-155 in pancreatictaluc
adenocarcinoma [7, 8]. Additional studies are
necessary to clarify the significance of miR-155
expression in pancreatic ductal adenocarcinomatand
diagnostic application using pancreatic juice.

Atypical cells in pancreatic juice were detecteditty
42% of the patients with pancreatic ductal
adenocarcinoma in the present study, similar to
previous studies reporting values from 40 to 60% [3
4]. The expression levels of miR-21 and miR-155 in
pancreatic juice were not different between panirea
ductal adenocarcinomas presenting positive and
negative preoperative cytological results but could
significantly distinguish pancreatic ductal
adenocarcinoma from chronic pancreatitis. The
assessment of the expression levels of miRs in
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pancreatic juice would have a potential as markars
the diagnosis of pancreatic ductal adenocarcinoma
even in the absence of atypical cells in pancrgaite.

The sample number might not be sufficient to argue
this relationship. Additional studies are requirtd
determine the cut-off value of the expression gl
these miRs in pancreatic juice and to clarify the
diagnostic value of the combination of the expm@ssi
levels of these miRs with cytological results torease

the diagnostic potential of miRs.
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