FULL PAPER

B)C

Keywords: pancreatic cancer; microRNA; plasma; biomarker

Clinical impact of circulating miR-221 in
plasma of patients with pancreatic cancer
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Background: Several recent studies have demonstrated that microRNAs (miRNAs) are stably detectable in plasma/serum. We
tested miR-221 and miR-375, which are frequently reported to be highly and poorly expressed in pancreatic cancer (PCa), as
candidates for plasma biomarkers in PCa.

Methods: This study was divided into three parts: (1) Confirmation of higher miR-221 levels in primary PCa tissue and cell lines
than normal pancreatic tissues. (2) Evaluation of plasma miR-221 and miR-375 concentrations by comparing results from 47
consecutive PCa patients and 30 healthy volunteers. (3) Evaluation of the assay for monitoring tumour dynamics in PCa patients.

Results: (1) Expression of miR-221 was significantly higher in PCa tissues and cell lines than normal pancreatic tissues. (2) Plasma
miR-221 concentrations were significantly higher in PCa patients than that in benign pancreatic tumours (P=0.016) and controls
(P<0.0005), while plasma miR-375 concentrations tended to be lower in PCa patients (P=0.064), and the miR-221/miR-375 ratio
was significantly higher (P<0.0001) in PCa patients than in controls. (3) Plasma miR-221 concentrations were significantly reduced
in postoperative samples (P=0.018). Furthermore, PCa patients with high plasma miR-221 concentrations had significant
correlation with distant metastasis (P=0.041), and non-resectable status (P=0.021).

Conclusion: Plasma miR-221 could be a useful biomarker for cancer detection, monitoring tumour dynamics and predicting
malignant outcomes in PCa patients, and may contribute to clinical decision making in PCa treatments.

Pancreatic cancer (PCa) is the fifth leading cause of cancer death in
Japan and the fourth leading cause of cancer-related death in the
United States (Hirata et al, 2007; Jemal et al, 2009). Recent
improvements in surgical techniques and perioperative manage-
ment have reduced operation-related death during perioperative
periods; however, PCa still has extremely poor prognosis. Even
now, median survival is 5-8 months and a 5-year survival rate is
<5% because PCa develops local invasiveness and metastases to
distant organs in the early stage of clinical course (Heinemann
et al, 2008; Sultana et al, 2008; Jemal et al, 2009). Although curative
pancreatectomy for PCa has been one of the most aggressive
surgeries among digestive cancers, the only chance for cure is

surgical resection with macroscopic tumour clearance. None-
theless, <20% of patients could obtain the benefit of curative
resection (Bilimoria et al, 2007; Jemal et al, 2009). Therefore,
primary tumours must be detected at an early stage with curative
intent to improve survival rates, and patients with advanced disease
must be diagnosed preoperatively to avoid impairments in quality
of life, although chemotherapy or chemoradiotherapy remain the
only treatment choices for these patients (Shrikhande et al, 2007).

Since identifying molecular targets for PCa treatment may help
to improve the survival of patients with this lethal disease, several
studies have attempted to determine the biological factors involved
in the malignant potential of PCa (Thayer et al, 2003; Jones et al,
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2008). In clinical settings, however, few cancer-associated mole-
cules have been assayed as therapeutic and/or diagnostic
biomarkers. Conventional serum tumour markers, such as
carcinoembryonic antigen and carbohydrate antigen 19-9 (CA19-
9), have been used as convenient diagnostic assays (Satake et al,
1985) for early detection and monitoring tumour status of PCa.
These serum tumour markers, however, lack sufficient sensitivity
and specificity to facilitate the early detection of cancer. Therefore,
the importance of detecting novel biomarkers using a less invasive
diagnostic assay for PCa should be emphasised.

MicroRNAs (miRNAs), which are small non-coding RNAs,
regulate the translation of specific protein-coding genes. Since their
discovery in 1993 (Lee et al, 1993), altered expressions of miRNAs
have been associated with several diseases, and tumour miRNAs
are involved in tumourigenesis and the development of various
cancers. In recent years, several studies have shown that miRNAs
are detectable in plasma/serum (Calin and Croce, 2006; Chen et al,
2008; Filipowicz et al, 2008). Mitchell et al (2008) clearly
demonstrated that circulating miRNAs originate from cancerous
tissues and are protected from endogenous RNase activity by
unknown mechanisms. Tumour-derived miRNAs are resistant to
endogenous ribonuclease activity because these may be binding
some protein, such as the Argonaute 2 protein and high-density
lipoproteins (Arroyo et al, 2011; Vickers et al, 2011), or packaged
by some kinds of secretory particles including apoptotic bodies and
exosomes in plasma/serum (Hasselmann et al, 2001; Mitchell et al,
2008; Cocucci et al, 2009; Kosaka et al, 2010). Therefore, miRNAs
can be present in a remarkably stable form (Mitchell et al, 2008;
Zhu and Fan, 2011) and the expression level of serum miRNAs is
reproducible and consistent among individuals (Chen et al, 2008;
Mitchell et al, 2008). Furthermore, secretory vesicles including
miRNAs can function as intercellular transmitters (Valadi et al,
2007; Skog et al, 2008).

Concerning PCa, some researchers including us have reported
the potential utility in the clinical application of circulating
miRNAs such as miR-16, miR-18a, miR-21, miR-155, miR-196a,
and miR-210 (Wang et al, 2009; Ho et al, 2010; Morimura et al,
2011; Liu et al, 2012). These circulating miRNAs may be somewhat
valuable to PCa detection; however, they were insufficient to
predict malignant potential and resectability of PCa. In clinical
settings, the clinical behaviours of this lethal disease are extremely
important in decision making for patients with PCa. However, to
date, there have been no reports on clinically useful roles of
circulating miRNAs in plasma/serum of patients with PCa.

In this study, we tested miR-221 and miR-375 (Bloomston ef al,
2007; Lee et al, 2007), which have been frequently reported to be
highly and poorly expressed in PCa, respectively. In particular, miR-
221 has an oncogenic function in various tumours, with its elevation
either being caused by genome amplification or transcriptional
activation. Also, in primary PCa tissue or PCa cell lines, several
researchers have reported overexpression of miR-221 (Volinia et al,
2006; Lee et al, 2007; Szafranska et al, 2007). Therefore, we
hypothesised that circulating miR-221 could be detected in plasma
and predict tumour characteristics, which could contribute to
decision making for PCa treatment. Consequently, we clearly
demonstrated that preoperative miR-221 concentrations in plasma
are useful to detect PCa, monitor tumour dynamics, and predict
distant metastasis and resectability. Our results provided evidence
that plasma levels of miR-221 contribute to clinical decision making
in PCa treatments to a clinically satisfactory degree.

MATERIALS AND METHODS

Patients and samples. The study was approved by the Institu-
tional Review Board of both Kyoto Prefectural University of

Medicine and Kyoto Second Red Cross Hospital, and each subject
provided signed informed consent. Between January 2010 and
November 2011, 47 plasma samples of consecutive PCa patients
and 30 control samples were collected at Kyoto Prefectural
University of Medicine and Kyoto Second Red Cross Hospital.
Patient characteristics with respect to age, sex, histopathology, and
stages of disease are described in Supplementary Table SI.
Preoperative plasma samples were collected from 47 patients with
PCa, including 37 who underwent pancreatectomy, 10 non-
resectable patients, including 7 patients who underwent only
gastrointestinal bypass, and 3 non-operative patients, who had
advanced disease. Eleven patients underwent chemotherapy before
collecting plasma samples. No patients underwent chemor-
adiotherapy. All patients were pathologically diagnosed as having
PCa using surgical specimens or biopsies. Two patients were
diagnosed with adenosquamous carcinoma, one patient with
anaplastic carcinoma, one patient with intraductal papillary-
mucinous carcinoma, and one patient with endocrine cell
carcinoma. The remaining 42 patients were diagnosed with
adenocarcinoma.

From the patients who underwent surgery, a total of 18 PCa
specimens were collected. We also collected five normal tissue
specimens from an adjacent benign pancreatic tumour resected as
other pancreatic disease, such as insulinoma, in order to exclude
the influence of atypical or precancerous status of pancreas tissue
on the assay. As a control, plasma was collected from 30
volunteers. Volunteers were medical personnel and hospitalised
patients with benign disease such as an inguinal hernia. They
underwent medical examinations and did not have any pancreatic
disease or other cancerous disease. The stage of tumours was
assessed according to the Union for International Cancer Control
classification (Sobin and Wittekind, 2009).

Collection of heparin-treated blood plasma and pancreatic
tissue. Blood was collected from patients and controls in sodium
heparin tubes (BD Vacutainer, Franklin Lakes, NJ, USA) and
immediately subjected to the three-spin protocol (1500 r.p.m. for
30 min, 3000 r.p.m. for 5 min, and 4500 r.p.m. for 5min) to prevent
contamination by cellular nucleic acids. Plasma samples were then
stored at — 80 °C until further processing. All resected specimens
were fixed in formalin and embedded in paraffin for pathological
diagnosis. Tissues adjacent to specimens were evaluated histolo-
gically according to the criteria of the World Health Organization.
In all cases, two pathologists were in agreement regarding
pathological features and both confirmed diagnoses.

RNA extraction. Total RNA was extracted from cultured cells and
400 pl of plasma using a mirVana PARIS Kit (Ambion, Austin, TX,
USA) and eluted into 100 ul of preheated (95 °C) Elution Solution
according to the manufacturer’s directions. For formalin-fixed
paraffin-embedded tissues, total RNA was extracted from four
slices 15 um thick (total thickness of 60 um) using a RecoverAll
Total Nucleic Acid Isolation Kit (Ambion), and eluted finally into
604l of Elution Solution according to the manufacturer’s
instructions.

Protocol for the detection of miRNAs. The amounts of miRNAs
were quantified in duplicate via quantitative RT-PCR using the
human TagMan MicroRNA Assay Kit (Applied Biosystems, Foster
City, CA, USA). The reverse transcription reaction was carried out
with a TagMan MicroRNA Reverse Transcription Kit (Applied
Biosystems) in 15ul containing 5ul of RNA extract, 0.15ul of
100mMm dNTPs, 1ul of Multiscribe Reverse Transcriptase
(50U ul™ "), 1.5ul of 10 x Reverse Transcription Buffer, 0.19 ul
of RNase inhibitor (20U ul ~ '), 3 ul of gene-specific primer, and
4.16 ul of Nuclease-free water. For the synthesis of cDNA, reaction
mixtures were incubated at 16 °C for 30 min, at 42 °C for 30 min,
and at 85 °C for 5 min and then held at 4 °C. Next, 1.33 ul of cDNA
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solution was amplified using 10 ul of TagMan 2 x Universal PCR
Master Mix with no AmpErase UNG (Applied Biosystems), 1 ul of
gene-specific primers/probe, and 7.67 ul of nuclease-free water in a
final volume of 20 ul. Quantitative PCR was run on a 7300 Real-
time PCR system (Applied Biosystems) and reaction mixtures were
incubated at 95 °C for 10 min, followed by 40 cycles of 95°C for
15s, and 60°C for 1min. Cycle threshold (Ct) values were
calculated with SDS 1.4 software (Applied Biosystems).

The amounts of miRNAs in plasma were calculated on a
standard curve constructed with the use of synthetic miRNAs,
mirVana miRNA Reference Panel (Ambion). Standard reference
miRNAs were amplified for each reaction. However, expression of
miRNAs from tissue samples and cultured cells was normalised
using the 27 224" method relative to U6 small nuclear RNA
(RNU6B). ACt was calculated by subtracting the Ct values of
RNUG6B from the Ct values of the miRNAs of interest. AACt was
then calculated by subtracting the ACt of normal pancreatic tissue
from the ACt of PCa tissues. The change in gene expression was
calculated with the equation 2 ~ 24" (Livak and Schmittgen, 2001;
Pfaffl, 2001).

PCa cell lines and culture. Pancreatic cancer cell lines PK-45H,
PANC-1, PK-59 KP4-1, PK-1, and NOR-P1 were purchased from
RIKEN Cell Bank (Tsukuba, Japan). NOR-P1 cells were cultured in
Dulbecco’s Minimum Essential Medium: F12 medium and the
others in Roswell Park Memorial Institute (RPMI)-1640 medium

A

Confirmation of increased miR-221 expression in pancreatic
cancer

Comparison of miR-221 expression between primary pancreatic
cancer tissues and normal pancreatic tissues

Comparison of miR-221 expression between pancreatic cancer
cell lines and normal pancreatic tissues including a fibroblast cell
line

Evaluation of plasma miR-221 and miR-375 expression by
comparing 47 pancreatic patients with 30 volunteers

Plasma miR-221 and miR-375 expression analysed by real-time
quantitative RT-PCR

Evaluation of whether plasma miR-221 expression could be
used to monitor tumour dynamics

Comparison of miR-221 levels between plasma and
corresponding cancer tissue in pancreatic cancer patients

Comparison of miR-221 levels in paired pre and post-operative
plasma in cancer patients who underwent curative

pancreatectomy
Retrospective analysis of the correlation between miR-221 levels
and clinicopathological factors

Plasma miR-221 is a novel candidate as a preoperative
surrogate marker reflecting tumour factors

(Sigma, St Louis, MO, USA). All media were purchased from
Sigma and supplemented with 100ml1~"' FBS (Trace Scientific,
Melbourne, Australia). All cell lines were cultured in 50 mll !
carbon dioxide at 37 °C in a humidified chamber.

Statistical analysis. The Mann-Whitney U-test for unpaired data
was performed to compare differences in plasma miRNA concentra-
tions and miRNA ratios between cancer patients and healthy
volunteers. The Wilcoxon test was used to compare the paired plasma
samples obtained before and 1 month after pancreatectomy. A P-value
<0.05 was considered significant. The 7> test or Fisher’s exact
probability test was used to evaluate correlations between the results of
plasma miR-221 concentrations and clinicopathological factors.
Receiver-operating characteristic (ROC) curves and the area under
the ROC curve (AUC) were used to assess the feasibility of plasma
miRNA as a diagnostic tool for detecting PCa. The Younden index was
used to determine the cutoff value for the plasma miR-221
concentrations (Akobeng, 2007).

RESULTS

Study design to develop a novel biomarker of plasma miRNA.
The study design is summarised in Figure 1A. In this study, we
tested an oncogenic miRNA; miR-221 and a tumour suppressive
miRNA; miR-375, as candidate targets for this plasma miRNA
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Figure 1. (A) Study design to develop a novel biomarker of plasma miRNA. (B) Expression of miR-221 in PCa tissues. Differential expression of
miR-221 in PCa tissues was compared with that in normal tissues by a waterfall plot. Levels of miR-221 were significantly higher in cancer tissues
(P=0.005). (C) Expression of miR-221 in PCa cell lines. Differential expression of miR-221 in PCa cell lines was compared with that in normal tissues
by a waterfall plot. In pancreatic cell lines, expression levels of miR-221 were significantly higher than those in normal pancreatic tissues (P=0.019).
The upper and lower limits of the boxes and the lines inside the boxes indicate the 75th and 25th percentiles and the median, respectively. Upper
and lower horizontal bars denote the 90th and 10th percentiles. *Normal means normal pancreatic tissues.
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assay. MiR-221 has been frequently demonstrated to have an
oncogenic function in PCa (Volinia et al, 2006; Szafranska et al,
2007; Zhang et al, 2009; Basu et al, 2011). Also, miR-375 was
reported to have a tumour suppressive function in PCa (Basu et al,
2011). This study was divided into three parts: (1) Confirmation of
higher miR-221 levels in primary PCa tissue and cell lines than
normal pancreatic tissues. We compared miR-221 levels between
primary pancreas cancer tissues and normal pancreatic tissues.
Also, we compared miR-221 levels between PCa cell lines and
normal pancreatic tissues. (2) Evaluation of plasma miR-221
concentrations and ratios of miR-221/miR-375 concentrations
using quantitative RT-PCR by comparing results from 47 patients
with PCa and 30 volunteers. (3) Evaluation of whether plasma
miR-221 expression could be used to monitor tumour dynamics by
the plasma miR-221 assay in patients with PCa.

MiR-221 in primary PCa tissues and PCa cell lines. To confirm
previously reported high miR-221 expression levels in primary PCa
tissue and PCa cell lines (Volinia et al, 2006; Lee et al, 2007;
Szafranska et al, 2007), expression of miR-221 in 18 PCa tissues
and 5 normal pancreatic tissues was determined by quantitative
RT-PCR. Human PCa cell lines, PK-45H, PANC-1, PK-59 KP4-1,
PK-1, and NOR-P1 were also evaluated by quantitative RT-PCR.
The result of expression levels normalised with RNU6B expression
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Figure 2. Plasma miR-221 and miR-375 concentrations in 47 consecutive

in PCa tissue and PCa cell lines compared with normal pancreas
tissue are shown in Figure 1. Expression levels of miR-221 in PCa
tissues were significantly higher than those in normal pancreatic
tissues (P=0.005) (Figure 1B). Expression levels of miR-221 in
PCa cell lines were also significantly higher than those in normal
pancreatic tissues (P =0.019) (Figure 1C).

Evaluation of miR-221 and miR-375 expression using quanti-
tative RT-PCR in plasma of PCa patients. Next, we hypothesised
that higher miR-221 expression in primary PCa tumours would
influence plasma levels of miR-221 in PCa patients. Also, we
hypothesised that lower miR-375 expression in primary PCa
tumours would influence plasma levels of miR-375 in PCa patients.
To evaluate the appropriateness of this assay, we first conducted
amplification by real-time RT-PCR of a 10-fold serial dilution of
the mirVana miRNA Reference Panel. The linearity of quantitative
RT-PCR was confirmed from concentrations of 1fmol to
0.0001 fmol of each synthetic miRNA, such as miR-221 (y=
—3.9005x 4 11.836; R*=0.9968) and miR-375 (y= —3.7384
x+13.242; R*=0.9995) between the logarithm of the amount of
input miRNAs and Ct values (Supplementary Figure S1). Although
some investigators have determined quantities of plasma miRNAs
by comparing internal control miRNAs (Ng et al, 2009; Resnick
et al, 2009), it remains controversial which miRNAs are suitable as
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PCa patients and 30 healthy volunteers. (A) Using a real-time RT-PCR

assay, circulating miRNA such as miR-221 was detectable in all samples from 47 PCa patients and 30 volunteers. Differential expression of plasma
miR-221 with PCa patients was compared with that of normal healthy volunteers by a waterfall plot. Concentrations of miR-221 were significantly
higher in plasma from cancer patients than volunteers (P<0.0005). ROC curve analysis in the miR-221 assay for detecting PCa showed a high AUC

of 0.743. (B) Plasma concentrations of miR-375 tended to be lower in PC

a patients than in normal controls (P=0.092) (B). The AUC based on

plasma concentrations of miR-375 was 0.573 (B). Upper and lower limits of the boxes and the lines inside the boxes indicate the 75th and 25th
percentiles and the median, respectively. The upper and lower horizontal bars denote the 90th and 10th percentiles.
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internal controls for plasma assays. Therefore, we confirmed a
linear correlation between the logarithm of the amount of input
synthetic miRNA and the cycle threshold value on real-time PCR,
as well as the feasibility of extracting total RNA and amplifying
specific miRNA in plasma samples. Based on these findings, we
utilised the absolute concentration for measuring plasma miRNA
in this study.

Using this assay, circulating miRNA, such as miR-221 and miR-
375, were detectable in all samples from the 47 PCa patients and 30
volunteers. Plasma concentrations of these two miRNAs in PCa
patients were compared with those in normal volunteers by
waterfall plots (Figure 2). The plasma concentration of miR-221 in
PCa patients was significantly higher than in normal volunteers
(P<0.0005) (Figure 2A), and the AUC based on plasma
concentrations of miR-221 was 0.743 (Figure 2A). Plasma
concentrations of miR-375 tended to be lower in PCa patients
than in normal controls (P=0.064) (Figure 2B). The AUC based
on plasma concentrations of miR-375 was 0.573 (Figure 2B). These
phenomena were also detected in our previous reports (Tsujiura
et al, 2010; Komatsu et al, 2011). To investigate more sensitive
diagnostic biomarkers in plasma, we analysed the ratio of
circulating miRNAs levels, dividing plasma concentrations of
miR-221 by these of miR-375, as a combined biomarker (Figure 3).
As a result, the ratio of miR-221/miR-375 was significantly higher
in PCa patients than that in controls (P<0.0001) (Figure 3A) and
the AUC based on the miR-221/miR-375 ratio was 0.762
(Figure 3B). Moreover, although the sample size was small, we
found that plasma miR-221 concentrations in patients with
pancreatic benign lesions, such as intraductal papillary-mucinous
neoplasm (IPMN), serous cystadenoma, and pancreatitis were
almost similar to that in healthy volunteers (P=0.539) and
significantly lower than that in patients with PCa (P=0.016)
(Supplementary Table S2). The sensitivity, specificity, accuracy to
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distinguish PCa patients from benign tumour patients are 74%,
78%, and 75%, respectively.

Evaluation of the application of the plasma assay for monitoring
tumour dynamics in patients with PCa. We determined a cutoff
value of 4.047 x 10~ *amol ul ~ ' for plasma miR-221 concentra-
tion based on the mean value + 2 s.d. in healthy volunteer controls
to distinguish high miR-221 concentration patients (high group)
from low concentration patients (low group). Six patients were
categorised into the high group and we compared the expression
level of miR-221 between plasma and PCa tissues in each patient of
the high group. As a result, in all patients categorised into the high
group, expression levels of miR-221 in primary PCa tissues showed
higher (100%) than the cutoff value of 1.00 for the miR-221/
RNU6B ratio based on the median value in normal pancreatic
tissues (Supplementary Table S3). Moreover, we evaluated plasma
miR-221 concentrations in paired samples, pre- and postoperative
(almost 1 month after surgery) plasma samples from seven PCa
patients who underwent curative pancreatectomy, and they were
found to be significantly reduced in postoperative samples
(P=0.018) (Figure 4). These results indicated that expression
levels of plasma miR-221 may reflect tumour dynamics in PCa
patients.

Correlation between plasma miR-221 concentrations and
hematocytes of peripheral blood. A recent report demonstrated
that some circulating miRNAs may be derived from peripheral
blood cells (Pritchard et al, 2012). Therefore, we determined the
correlation between plasma miR-221 concentrations and hemato-
cytes of peripheral blood in 47 PCa patients. As a result, there was
no significant correlation between plasma miR-221 concentrations
and any types of hematocyte in peripheral blood (Figure 5).
Therefore, these data imply that plasma miR-221 may not be
derived from any type of hematocyte.

miR-221/miR-375
AUC: 0.762

0.4 0.6 0.8 1
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Figure 3. Plasma concentration ratios of miR-221/miR-374 in 47 consecutive PCa patients and 30 healthy volunteers. (A) The combined
biomarker based on the ratio of miR-221/miR-375 was significantly higher in PCa patients than in controls (P<0.0001). (B) The AUC based on ROC

curve analysis of the miR-221/miR-375 ratio was 0.762.
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Correlation between plasma miR-221 concentrations and
clinicopathological factors in 47 consecutive PCa patients.
Finally, we evaluated the correlation between plasma miR-221
concentrations and clinicopathological factors in 47 consecutive
PCa patients (Table 1). From the results, patients who presented
with high plasma miR-221 concentrations, with a cutoff value of
2.097 x 10 %amolul ="' calculated by the Younden index
(Akobeng, 2007), showed significant correlations with the presence
of distant metastasis (P=0.041) and non-resectable status
(P=10.021). Although the stage tended to be associated with the

P=0.018
Wilcoxon t-test
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Figure 4. Comparison of plasma miR-221 concentrations between pre-
and postoperative samples from PCa patients. Concentrations of miR-
221 in plasma were significantly lower in postoperative samples than in
preoperative samples (P=0.018).
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plasma level of miR-221, other clinicopathological factors show no
significant correlation with the plasma level of miR-221. Moreover,
serum markers such as CA19-9, amylase, and bilirubin, which are
indicators of tumour presence and pancreatic-biliary tract
obstruction, were not correlated with the plasma level of miR-
221 (Supplementary Figure S2). Interestingly, of 10 non-resectable
lesions, 7 could not be predicted preoperatively by conventional
imaging modalities. In contrast, preoperative plasma level of miR-
221 could distinguish all non-resectable patients from resectable
patients (Table 1). Therefore, the plasma miR-221 level might be a
useful clinical biomarker in borderline resectable patients diag-
nosed by imaging modalities.

DISCUSSION

Numerous genetic and epigenetic alterations are known to be
involved in carcinogenesis and tumour progression of various
cancers. Of these alterations, non-coding RNAs, so-called miRNAs,
have been proven to regulate gene expression by targeting several
mRNAs for translational repression or cleavage. MicroRNAs have
been demonstrated to contribute to carcinogenesis and progression
of various cancers (He et al, 2005; Lu et al, 2005; Calin and Croce,
2006) and, as a result, miRNAs have recently become known as
new factors in oncogenesis and provide new therapeutic strategies
such as biomarkers and therapeutic targets for cancers.

Several studies have identified tumour-specific alterations in
circulating nucleic acids in plasma/serum of cancer patients and
have demonstrated the feasibility of circulating nucleic acids as
non-invasive biomarkers in patients with various cancers
(Sidransky, 1997; Diehl et al, 2008). Particularly, miRNAs were
demonstrated to be present in a remarkably stable form in plasma/
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Figure 5. Correlation between plasma miR-221 concentrations and hematocytes of peripheral blood in PCa patients. There was no significant
correlation between plasma miR-221 concentrations and any types of peripheral hematocyte and plasma.
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serum and expression levels of serum/plasma miRNAs are
reproducible and consistent among individuals (Chen et al, 2008;
Mitchell et al, 2008). Indeed, accumulating reports have suggested
overexpression of circulating miRNAs in plasma/serum and
clinical application as novel biomarkers of various cancers, such
as prostate cancer (Mitchell et al, 2008), leukaemia (Lawrie
et al, 2008), oral cancer (Wong et al, 2008), colorectal cancer (Ng
et al, 2009), ovarian cancer (Resnick et al, 2009), lung cancer (Hu
et al, 2010), and breast cancer (Heneghan et al, 2010) including our
reports in gastric cancer (Tsujiura et al, 2010) and oesophageal
cancer (Komatsu et al, 2011).

Regarding circulating miRNAs in plasma/serum of PCa, several
researchers including us have demonstrated the presence and

potential utility of circulating miRNAs such as miR-16, miR-18a,
miR-21, miR-155, miR-196a, and miR-210 (Wang et al, 2009;
Ho et al, 2010; Morimura et al, 2011; Liu et al, 2012). The main role of
these reported miRNAs was cancer detection of PCa by distinguishing
cancer patients from healthy individuals. To date, however, there has
been no report on the predictive value of circulating miRNAs for
malignant outcomes in plasma of patients with PCa. These findings
encouraged us to detect more clinically useful miRNAs which
facilitate better decision making for PCa treatments.

In this study, we tested an oncogenic miRNA; miR-221 and a
tumour suppressive miRNA; miR-375, as candidate targets for this
plasma miRNA assay. Of several oncogenic miRNAs, miR-221 has
been frequently demonstrated to have an oncogenic function in
PCa (Volinia et al, 2006; Szafranska et al, 2007; Zhang et al, 2009;
Basu et al, 2011). Also, miR-375 was reported to have a tumour
suppressive function in PCa (Basu et al, 2011). Consequently, we
demonstrated the feasibility of clinical application using circulating
miR-221 for cancer detection, monitoring tumour dynamics, and
predicting values of metastatic involvement and surgical resect-
ability in plasma of patients with PCa.

First, we confirmed miR-221 overexpression in primary
PCa tissue and PCa cell lines as shown in previous
reports (Volinia et al, 2006; Szafranska et al, 2007; Zhang et al,
2009; Basu et al, 2011). Then, we proved that plasma concentra-
tions of miR-221 in PCa patients were significantly higher than
healthy volunteers (P<0.001). To investigate more sensitive
diagnostic biomarkers in plasma, we further analysed the ratio of
circulating miRNA levels, dividing plasma concentrations of miR-
221 by that of miR-375, as a combined biomarker shown in previous
reports (Tsujiura et al, 2010; Komatsu et al, 2011). As a result, the
miR-221/miR-375 ratio was significantly higher in PCa patients than
in controls (P<0.0001). The AUCs based on plasma miR-221
concentrations, miR-375 concentrations, and miR-221/miR-375
ratios were 0.743, 0.573, and 0.762, respectively. Although these
results were not necessarily outstanding among previously reported
circulating miRNAs in PCa patients, plasma miR-221 concentration
may have PCa specificity for cancer detection because we could not
detect higher miR-221 expression in plasma of patients with
oesophageal cancer than healthy volunteers despite its higher
expression in oesophageal cancer tissue (Komatsu ef al, 2011).
Similarly, according to our previous study, we suggest that
expression of plasma miRNAs does not always reflect overexpres-
sion of all miRNAs in cancer tissue (data not shown). Pancreatic
cancer specificity among various cancers is very important for
clinical application. These issues are currently under evaluation in an
array-based study using large numbers of candidate miRNAs and
will be reported in the near future.

Next, we investigated whether plasma miR-221 concentrations
could reflect tumour dynamics in PCa by two different analyses.
One was the comparison between expression of miR-221 in plasma
and primary tumour tissue, which demonstrated that plasma and
primary PCa tissue samples showing high levels of plasma miR-221
represented higher expressions in primary PCa tissues than in
normal mucosa in all patients analysed (100%) (Supplementary
Table S3). Some patients, however, showed different patterns of
miRNA levels, low plasma miR-221 with high expression in PCa
tissue (data not shown). The reasons for discrepancies in some
patients remain to be identified; however, one possible explanation
for this finding is the heterogeneity of primary tumours. Second
analysis involves comparison of plasma miR-221 concentrations in
paired plasma obtained before and after surgery. Consequently,
concentrations of miR-221 were significantly reduced postopera-
tively in patients with high preoperative plasma miR-221
(Figure 4). These findings imply that plasma miR-221 may be
released from PCa and reflect tumour dynamics and are available
as a new plasma biomarker for monitoring tumour status, such as
tumour residue and recurrence of PCa.
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We demonstrated the predictive values of plasma miR-221
concentrations for clinicopthological outcomes in patients with
PCa; namely, that the preoperative plasma miR-221 concentrations
might be a useful clinical biomarker to predict distant metastasis
and tumour respectability (Table 1). Also, we found that the
plasma level of miR-221 could distinguish PCa patients from
patients with pancreatic benign tumours, such as IPMN, serous
cystadenoma, and pancreatitis (Supplementary Table S2), and is
correlated with the clinical outcomes in patients with PCa.
However, our sample size was small. Therefore, we will confirm
these clinical findings using plasma samples of large number
patients.

Pritchard CC, Tewari M, and their colleagues recently suggested
caution in a cancer biomarker study of circulating miRNAs
because some circulating miRNAs may be derived from peripheral
blood cells (Pritchard et al, 2012). Therefore, we investigated the
correlation between plasma miR-221 concentrations and hemato-
cytes of peripheral blood in 47 PCa patients. As a result, there was
no significant correlation between plasma miR-221 concentrations
and any types of peripheral hematocyte (Figure 4). This result
indicated that miR-221 expression in plasma may not be derived
from hematocytes, but PCa tissue, and it reflected tumour
dynamics in PCa patients. However, the detail mechanisms of
secretion, kinetics, and metabolism in plasma miRNAs have not
been clearly elucidated and these issues are currently under
evaluation.

Taken together, so-called ‘bench-to-bedside’ medicine has been
aspired for a long time. A non-invasive assay using circulating
miRNAs opens up a new and interesting field in the screening and
monitoring of cancer patients. Plasma miR-221 concentrations
may serve as next-generation biomarkers for cancer detection,
monitoring tumour dynamics, and prediction of clinical outcomes
such as metastatic involvement and surgical resectability in PCa
patients. Plasma miR-221 may contribute to reasonable clinical
decision making in PCa treatments. However, many issues must be
addressed before these findings can be translated into a clinically
useful, non-invasive screening strategy for PCa patients. These
issues are currently under detailed evaluation and we will report on
them in the near future.
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