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Abstract: Pancreatic ductal adenocarcinoma (PDAC) accounts for approximately 90-95% exocrine malignant tumors
of the pancreas. The high prevalence of metastasis and the difficulty of early diagnosis lead to a dismal prognosis.
MicroRNAs (miRNAs) play a critical role in extensive biological processes. The purpose of this study was to evaluate
the feasibility of stool miRNAs as novel biomarker for PDAC screening. MiRNAs were extracted from clinical speci-
mens which included cancer and matched adjacent benign pancreatic tissues of 30 PDAC patients, pancreatic juice
of 20 from the 30 PDAC patients and 10 chronic pancreatitis (CP) patients, stool samples of the 30 PDAC patients,
the 10 CP patients and 15 healthy volunteers. Relative expression of a panel of 5 dysregulated miRNAs (miR-21,
miR-155, miR-196a, miR-216 and miR-217) was analyzed with qRT-PCR. Receiver operating characteristic curve
(ROC) analysis was performed to assess the diagnosing value of stool miRNAs in PDAC patients. The study showed
that our methods of extracting and detecting miRNAs from pancreatic juice and stool specimens had high reproduc-
ibility. Compared to matched adjacent benign pancreatic tissues and pancreatic juice of CP patients, the expression
of miR-21 (P = 0.0021 and P = 0.0027) as well as miR-155 (P = 0.0087 and P = 0.0067) was significantly higher
and the expression of miR-216 (P < 0.0001 and P = 0.0044) was significantly lower in primary tumor tissues and
pancreatic juice of PDAC patients. PDAC patients had a significantly higher stool miR-21 and miR-155 (P = 0.0049
and P = 0.0112) and lower miR-216 level (P = 0.0002) compared to normal controls. The same results were ob-
tained in the expression levels of stool miR-21, miR-155 and miR-216 between PDAC and CP patients (P = 0.0337,
P =0.0388 and P = 0.0117, respectively). Receiver operating characteristic (ROC) analysis by using stool miRNAs
expression indicated that combination of miR-21 and miR-155 had best sensitivity of 93.33% while the combination
of miR-21, miR-155 and miR-216 would be best for detecting and screening PDAC with area under the curve (AUC) of
0.8667 (95% Cl: 0.7722-0.9612) and a better balance of sensitivity and specificity (83.33% vs. 83.33%). Our data
indicate that miRNAs could be extracted and detected from pancreatic juice and stool efficiently and reproducibly.
MiR-21, miR-155 and miR-216 in stool have the potential of becoming biomarkers for screening PDAC.
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Introduction absence of clinically useful screening and
detecting measures of early PDAC.

Pancreatic cancer is the sixth leading cause of

cancer-related mortality in China and the fourth
in the United States, a total of 90-95% pancre-
atic cancers are exocrine tumors, known as
pancreatic ductal adenocarcinoma (PDAC) [1,
2]. Although chemoradiotherapy has been
shown to prolong survival time in recent years,
the prognosis of PDAC remains dismally with a
median survival time of less than 2 years [3, 4].
In addition to its aggressive malignant behav-
ior, the extremely poor prognosis also due to

In the past decade, lots of body fluid biomarker
researches have provided an insight into new
areas of screening and detecting PDAC [1, 5-7].
However, most of these biomarkers discovered
by new technologies suffered from significant
limitations such as lack of methodological stan-
dardization and quality control, lower or no cor-
relation with tumor stage and tumor invasive-
ness as well as minimal utility to assess
prognosis or predict recurrence. Therefore, a
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Table 1. Clinic-pathological Characteristics of patients in-

cluded to the study

expression of mMIRNAs has been
reported in blood (miR-21, miR-155,

miR-196a) [12, 13] and/or pancreat-

PDAC CP Controls S . !
Number 30 10 15 IC.JUIce (m|R-21, m'lR-155) of pancre-
atic carcinoma patients [18, 19].
Sex
Women 18 6 8 Materials and methods
Men 12 4 7
Age (mean + SD) 66.9+11 57.3+8.6 30.4+9.6 All clinical samples were collected
Diagnosis from patients treated in Biliary-
PDAC 30 Pancreatic Surgery Department of
cP 10 Renji Hospital, School of Medicine,
Tumor stage Shanghai Jiao tong University from
| 7 January 2012 to December 2013.
The diagnosis of PDAC and chronic
! 11 pancreatitis (CP) was confirmed by
i 12 the pathological results of resected
Location specimens. All patients and volun-
Head 20 teers including 30 PDAC patients, 10
Corpus 4 CP patients and 15 healthy volun-
Tail 6 teers provided written informed con-
CA19-9 (U/ml) (mean + SD) 569.6 + 803 sent and the study was approved by
Tumor diameter (cm) 29+1.0 the Institutional Review Board of

stable, noninvasive and high sensitivity/speci-
ficity screening test is urgently needed.

MicroRNAs (miRNAs) are small noncoding tran-
scripts of 22 nucleotides, which have recently
been demonstrated as a new class of cellular
molecules with important diagnostic, prognos-
tic, and therapeutic implications [8, 9]. Because
of their small size and exosomal presence, miR-
NAs are notably well protected from endoge-
nous and exogenous RNase activity [10-12].
Recent reports have proposed the possibility of
mMiRNAs as biomarkers to screen and detect
PDAC in blood and pancreatic juice while both
of approaches are still invasive [13, 14]. It has
been suggested that gastrointestinal cancer-
related genetic and epigenetic alterations may
also noninvasively be detected in stools [7, 15,
16]. Considering the high volume of pancreatic
juice excreted into the bowel, it has been
assumed that pancreatic cancer-related miR-
NAs expression profile changes may be detect-
ed in stools of PDAC patients [7, 16].

Option of candidate miRNAs in our study was
performed according to following criteria: a)
previously reported as potential PDAC develop-
ment-related miRNAs (miR-21, miR-155, miR-
196a, miR-216 miR-217) [17, 18]; b) differential
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Renji Hospital, School of Medicine,
Shanghai Jiao tong University. Clinical
and demographical information of the patients
are presented in Table 1.

Tissue and pancreatic juice samples

Cancer tissues (0.5 cm in diameter from center
of cancer tissues) and matched adjacent
benign pancreatic tissues (same size at least 2
cm apart from the tumor) samples were col-
lected from 30 PDAC patients during surgical
resection. At least 2 ml pancreatic juice was
extracted from ectatic pancreatic duct under
the guidance of intraoperative B-mode ultra-
sound (LOGIQ 5; GE Healthcare, Milwaukee, WI,
USA) with a 12 MHz probe. Finally, we obtained
30 pancreatic juice samples including 20 of the
PDAC patients and 10 of the CP patients. All
samples were snap-frozen in liquid nitrogen
and stored at -80°C subsequently.

Stool samples

A total of 55 stool specimens, obtaining from
the 30 PDAC patients, 10 CP patients and 15
healthy volunteers were included in the study.
All stool samples were collected in the morning
with a 40 ml aseptic specimen cup. Prior to
reaching the laboratory, the stool samples were
kept at -20°C freezer for short-term and then
transferred to -80°C freezer within 24 h for
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Figure 1. Detectability of miRNAs and RNUGB. To evaluate the detectability of selected miRNAs (miR-21, miR-155,
miR-196a, miR-216, miR-217 and RNUGB), we analyze all Ct value of miRNAs and RNUGB. A. Shows the expression
of all miRNAs and RNUGB in all primary cancer tissue of PDAC patients. B. Hows the expression of all miRNAs and
RNUGB in all matched adjacent benign pancreatic tissues of PDAC patients. C. Hows the expression of all miRNAs
and RNUGB in all pancreatic juice of PDAC patients. D. Hows the expression of all miRNAs and RNUGB in all stools
of PDAC patients. The Figure shows the detectability miRNAs and RNUGB in tissue, pancreatic juice and stool.
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Figure 2. Expression levels of miR-155 and RNUGB in
cancer tissue (C), pancreatic juice (J) and stool (S) of
all PDAC patients.

long-term storage. Four categories of stool con-
sistency were defined: ‘firm’, ‘soft’, ‘loose’ and
‘watery’. Only ‘firm’, ‘soft’, ‘loose’ stools were
collected and analyzed in the study [20].
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Isolation of miRNAs from tissue, pancreatic
juice and stool samples

Total miRNA of tissue samples was isolated
from 20-30 mg tissue using E.Z.N.A™ miRNA
Kit according to the instruction of the manufac-
turer. E.Z.N.A™ miRNA Kit and E.Z.N.A™ stool
RNA Kit (OMEGA, GA, USA) were used jointly to
isolate total miRNA of pancreatic juice and
stool samples with some modifications of the
manufacturer’s guidelines. Briefly, an equal vol-
ume of acidic phenol, RPL buffer solution and
chloroform was added to 200 ul pancreatic
juice or 200 mg stool samples, and the aque-
ous phase was loaded onto the HiBind RNA
membrane after the addition of the buffer RB
and absolute ethanol. After removal of large
RNAs (> 200 nt), apply the flow through from
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the HiBind RNA column into the MicroElute RNA
column with 0.9 volume of absolute ethanol.
Finally, miRNA was eluted in 20 ul DEPC water.
The concentrations of all miRNA samples were
quantified by the NanoDrop 2000 (NanoDrop,
Wilmington, DE, USA).

MiRNA quantification by real-time PCR

After miRNA extraction, the samples were
reverse-transcribed with All-in-One™  First-
Strand cDNA Synthesis Kit (GeneCopoeia, MD,
USA). 25 ul reverse transcriptase reactions
contained 1 ul 2.5 U/ul PolyA Polymerase, 1 ul
RTase Mix, 5 ul 5* PAP/RT Buffer, the volume of
100 ng miRNA and corresponding nuclease-
free H,0. The reaction program was at 37°C for
60 min, followed by an incubation step at 85°C
for 5 min. After reverse transcription, samples
were run using Applied Biosystems step one
plus RT-PCR detection system. Quantitative
miRNA expression analyses were performed
using SYBR green method (SYBR® Premix Ex
Tag™ -Tli RNaseH Plus, TaKaRa, Japan) accord-
ing to the manufacturers’ instructions. The 10
ul PCR reaction included 2.8 ul RT production
(1:3 diluton), 1 ul universal reverse primer, 1 ul
of specific sense primer, 5 ul SYBR green and
0.2 ul ROX Reference Dye Il. To avoid an inter-
plate bias, miRNA expression analyses were
performed using a 96-well plate in triplicate
with 40 cycles of 95°C for 5 s and 60°C for 30
s after 95°C for 30 s. Differences between the
groups are presented as ACt, representing the
difference of the Ct value between the interest-
ing miRNA and the normalizer miRNA. We
selected RNUGB as the normalizer. Primer
sequences for the RT-PCR assays are listed in

the Supplementary Table 1.

Statistical analysis

Data analyses were performed with GraphPad
Prism 5.0 software (San Diego, CA, USA) and
SPSS 17.0 (SPSS, Chicago, IL, USA). The differ-
ences between two groups were analyzed using
Student’s t-test. Correlation analyses were per-
formed using Pearson’s test. The reproducibili-
ty of miRNAs extraction and detection was ana-
lyzed by linear correlation. Receiver operating
characteristic (ROC) curve analysis was used to
determine the highest assay sensitivity and
specificity. Two sided P < 0.05 was regarded as
significant.
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Results

Detectability of miRNAs in tissue, pancreatic
juice and stool samples

As expected, we detected the expression of 5
miRNAs in all samples (Figure 1A-D). The
expression levels of 5 miRNAs were high in can-
cer and benign pancreatic tissues. The expres-
sion levels of miRNAs in pancreatic juice were
similar to those in stool but were lower than
those in cancer and benign pancreatic tissues.
The mean Ct values of the 5 miRNAs ranged
from 13.11 to 25.53 in cancer and benign pan-
creatic tissues and from 30.99 to 35.45 in pan-
creatic juice and stool.

Normalization of miRNA levels

For accurate quantization of miRNA levels with
RT-PCR, normalization is critical but no consen-
sus yet. RNUBB was commonly used as an
endogenous control in MiRNA studies. In this
study, RNUGB could be detected in all samples.
Furthermore, the expression of RNUGB in all
samples is similar to that of miR-155 which is
overexpressed miRNA relating to PDAC (Figure
2). So we selected RNU6GB as our normalizer for
subsequent analyses.

Reproducibility of miRNAs extraction and de-
tection in pancreatic juice and stool samples

To assess the reproducibility of our method for
miRNAs extraction and detection, we per-
formed twice independent extraction and
detection. As shown in Figure 3, there was a
high liner correlation in miRNA concentration of
the pancreatic juice (R? = 0.9609, P < 0.0001,
Figure 3A) and the stool (R> = 0.9882, P <
0.0001, Figure 3B). The same results were
obtained in RNUGB detection of the pancreatic
juice (R? = 0.9357, P < 0.0001, Figure 3C) and
the stool (R?> = 0.9068, P < 0.0001, Figure 3D).

Differential expression of miRNAs in tissue,
pancreatic juice and stool samples

Figure 4 shows that the relative expression lev-
els of 3 miRNAs (miR-21: P = 0.0021, miR-155:
P =0.0087, miR-196a: P = 0.0042) were signifi-
cantly higher, while the levels of the other 2
(MiR-216: P < 0.0001, miR-217: P = 0.0004)
were significantly lower in primary cancer tis-
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Figure 3. Reproducibility of miRNAs extraction and detection in pancreatic juice and stool samples. A. Reproduc-
ibility of our methodology for extraction of miRNAs in pancreatic juice shows a high linear correlation (R? = 0.9609,
P < 0.0001). B. Reproducibility of our methodology for extraction of miRNAs in stool shows a high linear correlation
(R? =0.9882, P < 0.0001). C. Reproducibility of miRNAs detection in pancreatic juice shows a high linear correla-
tion (R? = 0.9357, P < 0.0001). D. Reproducibility of miRNAs detection in stool shows a high linear correlation (R?
=0.9068, P < 0.0001).
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Figure 4. MiRNA expression patterns in primary cancer tissue and matched adjacent benign pancreatic tissues.
A-E. Represent the difference expression of different miRNAs between primary cancer tissue and matched adja-
cent benign pancreatic tissues. Abbreviations: N- adjacent benign pancreatic tissues, PDAC- primary cancer tissue.
The data are present as box-and-whiskers plot: the upper and lower limits of the boxes indicate the 75th and 25th
percentiles, the lines inside the boxes-the medians, and the upper and lower horizontal bars denote the 90th and
10th percentiles, respectively.
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Figure 5. MiRNA expression patterns in pancreatic juice of CP and pancreatic juice of PDAC. A-D. Represent the dif-
ference expression of different miRNAs between pancreatic juice of CP and pancreatic juice of PDAC. Abbreviations:
CP- chronic pancreatitis, PDAC- pancreatic ductal adenocarcinoma.
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Figure 6. MiRNA expression patterns in stool of normal controls and stool of PDAC. A-C. Represent the difference
expression of different miRNAs between stool of normal controls and stool of PDAC. Abbreviations: N- normal volun-

teers, PDAC- pancreatic ductal adenocarcinoma.

sue as compared to matched adjacent benign
pancreatic tissues.

Figure 5 shows that the relative expression lev-
els of 2 miRNAs (miR-21: P = 0.0027, miR-155:
P = 0.0067) were significantly higher, while the
levels of other 2 (miR-196a: P = 0.0026, miR-
216: P = 0.0044) were significantly lower in
pancreatic juice of PDAC patients as compared
to those of CP patients. There was no signifi-
cantly difference of miR-217 between PDAC
and CP pancreatic juice.
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Figure 6 shows that the relative expression lev-
els of 2 miRNAs (miR-21: P = 0.0049, miR-155:
P = 0.0112) were significantly higher, while the
level of miR-216 (P = 0.0044) was significantly
lower in stool of PDAC patients as compared to
those of normal controls. There was no signifi-
cantly difference of miR-196a and miR-217
between PDAC and normal controls stools. The
same results were obtained between PDAC and
CP patients (miR-21: P = 0.0337, miR-155: P =
0.0388, miR-216: P = 0.0117, miR-196a: P =
0.1812, miR-217: P = 0.1093).

Am J Cancer Res 2014;4(6):663-673
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Figure 7. Diagnostic performance of the expression data of fecal miR-21, miR-155 and miR-216. A-C. Represents
the AUC-ROC of different single fecal miRNAs of PDAC patients from controls. D. Shows the difference among the
AUC-ROC of miR-21, miR-155 and miR-216. ROC = receiver operating characteristics.

Our data show that the signature of miR-21,
miR-155 and miR-216 was fully consistent in
PDAC cancer tissues, pancreatic juice and
stool. Thus, the 3 miRNAs were analyzed in our
study.

Diagnosis performance of stool miRNAs

For diagnostic purpose, the actual clinical utili-
ty of miRNAs was analyzed by comparing the
AUC of ROC curves and sensitivity at given
specificities. For differentiating PDAC from nor-
mal controls, the AUC-ROC of miR-21, miR-155
and miR-216 were 0.7989 (95% CI: 0.6779-
0.9198), 0.7189 (95% Cl: 0.5795-0.8588) and
0.7344 (95% Cl: 0.6049-0.8640). The corre-
sponding sensitivity and specificity of miR-21,
miR-155 and miR-216 were 90% vs. 66.67%,
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76.67% vs. 73.33% and 86.67% vs. 60%
(Figure 7). As showed in Figure 8 and Table 2,
the diagnostic capacity increased by combining
the two or three miRNAs. Combination of miR-
21, miR-155 and miR-216 would have a good
balance sensitivity and specificity of 83.33%
and 83.33% with better AUC up to 0.8667 (95%
Cl: 0.7722-0.9612).

Discussion

In this proof-of-principle study, we evaluated
the feasibility of stool-based miRNAs as poten-
tial biomarkers for screening PDAC. Using a
subset of miRNAs dysregulated frequently in
PDAC, we found that miR-21 and miR-155 were
overexpressed and miR-216 was down ex-
pressed in PDAC tissues, pancreatic juice and

Am J Cancer Res 2014;4(6):663-673
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Figure 8. Diagnostic performance of combination of two or three miRNAs (miR-21, miR-155 and miR-216). A-D.
Represents the AUC-ROC of combination of miR-21 and miR-155, combination of miR-21 and miR-216, combina-
tion of miR-155 and miR-216 and combination of miR-21, miR-155 and miR-216 of PDAC from controls. The data of
combination of miRNAs obtained through processing the original expression data of miR-21, miR-155 and miR-216
by logistic regression analysis. ROC = receiver operating characteristics.

stool specimens compared to their controls. In
addition, we validated good reproducibility in
miRNAs extracting and detecting from stool
and pancreatic juice. Lastly, we indicated that a
combination of a subset of miRNAs may
enhance the diagnostic value with a higher sen-
sitivity and specificity for screening PDAC.

At present, only CA19-9 which has some mark-
edly limitations including poor specificity, lack
of expression in Lewis negative phenotype and
higher false-positive elevation in the presence
of obstructive jaundice is regarded as a useful
clinical biomarker in the early detection of
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PDAC patients [21, 22]. Thus, there is a clear
need for alternative biomarkers for screening
and detecting of PDAC. It is considered that the
biomarkers in pancreatic juice are more related
and specific with PDAC because of the same
histological origin, but they are not suitable for
screening purpose mainly due to the invasive
collecting measures [1, 23, 24]. Although
blood-based biomarker test may be practical
and tremendous potential for screening, it is
highly likely that the earliest and the most spe-
cific biomarker changes can be detected in
stools rather than in blood basing on constant
considerable shedding of exfoliated cells and

Am J Cancer Res 2014;4(6):663-673
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Table 2. ROC analysis of the ACt of fecal miR-21, miR-155, miR-216 and the combination of two or

three miRNAs

Sensitivity (%) Specificity (%) AUC 95% AUC P-value
miR-21 90% 66.67% 0.7989  0.6779-0.9198 < 0.0001
miR-155 76.67% 73.33% 0.7189  0.5795-0.8583 0.0036
miR-216 86.67% 60% 0.7344  0.6049-0.8640 0.0018
miR-21 & miR-155 93.33% 66.67% 0.8111  0.6981-0.9242 < 0.0001
miR-21 & miR-216 86.67% 73.33% 0.8422  0.7396-0.9448 < 0.0001
miR-155 & miR-216 90% 70% 0.8356  0.7308-0.9403 < 0.0001
miR-21 & miR-155 & miR-216 83.33% 83.33% 0.8667  0.7722-0.9612 < 0.0001

production of pancreatic fluid [7, 15, 25]. So we
suppose that the tissue-related miRNAs in
stool may be ideal biomarkers for PDAC
screening.

Basing on existing knowledge, we selected miR-
21, miR-155, miR-196a, miR-216, and miR-217
as candidate miRNAs in our study [12, 14,
16-19, 26]. However, It is noted in the present
study that the microRNAs signature in different
types of samples was not fully consistent [17,
26]. Our data showed that the stool miR-196a
and miR-217 signature was not concordant
with those of tissues and/or pancreatic juice.
Two reasons might result in the discrepancy: a)
The degradation of free miRNAs and partial
exosome miRNAs in stools [27]; b) the acci-
dents in the process with which miRNAs from
the tumor-derived exosomes in blood are
secreted into the digestive tract [28]. Finally,
only miR-21, miR-155 and miR-216 were ana-
lyzed in the study.

Stool-based miRNA extraction and detection
was high reproducible (R?=0.9882, P < 0.0001
and R? = 0.9068, P < 0.0001) in our study.
From recent researches, we could know the
stability of miRNAs in stool stemmed from the
protection of exfoliative cellular membrane and
exosome [27, 29, 30]. Pancreatic juice includ-
ing exfoliative cells and tumor exosomes are
released continuously and mixed homogenous-
ly with the stool. So, repeated sampling from
the same stool samples results in similar test
outcome [20, 28]. These features favour the
use of stool-based miRNA as screening bio-
markers.

Several independent studies have demonstrat-
ed that the overexpressing miRNAs in gastroin-
testinal cancer tissues also shown higher
expression levels in stool samples because of
the same origin of miRNAs from exfoliative cells
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and the exosomes [15, 20, 31]. At present,
Sadakari et al has demonstrated that the
expression of miR-21 and miR-155 were signifi-
cantly higher in PDAC tumor tissues and pan-
creatic juice [14]. Link A et al has found that
miR-21, miR-155 and miR-216 had significantly
high expression levels in stool samples of pan-
creatic cancer patients and the same result
was obtained in tissues of pancreatic cancer
patients by Bloomston et al [16, 17]. But there
was few researches focusing on miRNAs
expression of paired cancer tissues, pancreatic
juice and stool samples of PDAC patients. In
this research, we detected the pancreas-relat-
ed miRNAs in PDAC tissues, matched pancre-
atic juice and corresponding stool samples and
found the tendency of differential expression of
miR-21, miR-155 and miR-216 was consistent
among PDAC tissues, pancreatic juice and
stools. Basing on description above, we have
reasons to believe that the stable pancreas-
related miRNAs in stools mainly come from
exfoliative cells and the exosomes which are
excreted to intestine via pancreatic juice from
PDAC tumor tissues. More important, we
proved the feasibility of stool-based miRNAs for
screening PDAC patients.

Stool miR-21, miR-155 and miR-216 were iden-
tified to have significant power in differentiating
PDAC patients from CP patients and normal
subjects in the study. With regard to pancreatic
cancer, varying expression profiles of tissues
microRNAs distinguishing malignant lesions
from normal pancreatic samples and CP have
also been reported [17, 32]. However, few of
these varying expression profiles of microRNAs
have been detected in stool samples. Our data
showed stool miR-21, miR-155 and miR-216
could differentiate PDAC from normal pancreas
or CP, but could not differentiate CP from nor-
mal pancreas.

Am J Cancer Res 2014;4(6):663-673
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The potential of stool miRNAs as biomarkers for
screening PDAC was assessed by ROC in our
research. For single miRNA, miR-21 had better
sensitivity of 90% and AUC of 0.7989 (95% ClI:
0.6779-0.9198). Joint detection of two or three
miRNAs can get a better result. Combination of
miR-21 and miR-155 had best sensitivity of
93.33% while the combination of the three
miRNAs would be best for detecting and screen-
ing PDAC with AUC of 0.8667 (95% Cl: 0.7722-
0.9612) and a better balance of sensitivity and
specificity (83.33% and 83.33%). Comparing
with the low sensitivity and specificity (68% and
70%) of CA19-9 which are used extensively in
clinic [33], our stool miRNAs group is obviously
more significant for PDAC detecting and
screening.

Basing on the markedly features of stability,
high sensitivity/specificity and non-invasion,
stool miRNAs testing for screening PDAC in clin-
ic is promising. So far, there are no reports
about stool miRNAs in PDAC, so we believe that
our significant finding will attract more atten-
tion to this area. Because of the retrospective
feature of the research, we were unable to
obtain more samples such as stools of precan-
cerous lesions to validate whether the stool
mMiRNAs can distinguish the precancerous
lesion from PDAC. Additionally, systematic anal-
yses of stools using microarray or ultra-high
throughput sequencing will help in uncovering
novel stool mMiRNAs and allow a methodological
selection of potential biomarkers. In light of
these facts, further intensive investigations
prior to clinical application are needed.

In summary, the method for miRNAs extraction
and detection was efficiently and reproducibly
in pancreatic juice and stools. The consistent
expression of miR-21, miR-155 and miR-216
among PDAC cancer tissues, pancreatic juice
and stools demonstrated the feasibility of using
stool miRNAs as noninvasive tools for screen-
ing PDAC. Moreover, combination of two or
three stool miRNAs (miR-21, miR-155 and miR-
216) could provide acceptable capacity for
screening PDAC.
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Supplementary Table 1. Primers for RT-PCR

MiRBase Accession

Mature sequence

name Primer ID

miR-21 hsm@g-0057
miR-155 hsm@-0290
miR-196a hsmqg-0639
miR-216 hsmqg-0085
miR-217 hsmg-0107
RNUGB hsnRNA U6

MIMATO000076
MIMATO000646
MIMAT0000226
MIMAT0000273
MIMATO000274
NR_002752.1

uagcuuaucagacugauguuga
uuaaugcuaaucgugauaggggu
uagguaguuucauguuguuggg
uaaucucagecuggcaacuguga
uacugcaucaggaacugauugga




