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Fig.1 Materials and methods used Serum samples were collected from patients undergoing resection of pancreatic cancer at Tokyo

Medical University Hospital.

After total RNA including microRNA was extracted from sera, microRNA array and quantita-

tive real-time PCR were used to investigate which microRNAs species were over-expressed
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2. RNA #iHd

EEME IATFN BT 2 W TERILL . &0
BEIC X i & MERSOr &2 0B L 720 BB LU
xit BREE D L H O miRNA % & ¢ Total RNA % miR-
Neasy serum/plasma kit (Qiagen, Germany) % F\v>TC
Qiagen fL D~ = 2 7V ITHE - TERELL 720 RNA i
J& 1% Nanodrop AvX7 1 X —% — % H W THIZEL
720

3. miRNA~Y1707LF1

I o miRNA O FEHBEAT 1L miRNA ~ A 7 11 7
L 14 2 A7 & (Agilent Technologies, Santa Clara, CA,
USA) Z MW THTo72 £97 4l L 72 total RNA (36
ng) % Human microRNA Microarray kit (Agilent Tech-
nologies) % FH\», 7’10 b I — )L (Agilent microRNA
microarrays Version 1.5) 2§ = C Cyanine3-pCp %
3 KIS L 720 7 VAL RNA & 55°C T 20 B
fMNA 7)) ¥4 ¥—2 3 v L7, DNA microarray
scanner (Agilent Technologies) Z°C 3 7 F v O
AT o 72 BHI L 72 2 7 )V id Agilent feature
extraction software (v9.5.3.1) & Ffl\C. T %47 >
7z MR &L TR A RE T 2 L B
mb L <1205 BT L7z miRNA 2 /31 7
N =7 —fEf e L7z,

4. TEZHY real-time PCR ;%

T LA AT ORGSR & D L 7254 miRNA 6
DIH B, E&mMPCR D728 @ Tagman 7 1 — 773
A F W BT & o 72 hsa-miR-1275. hsa-miR-188.
hsa-miR-3648 |2 3 \» T, TagMan" microRNA assay
(Applied Biosystems) % Fi\>727% &MY real-time PCR
B LD REROFMERZ AT > 720 M L 72 primer
@ sequence % Table 1 IZ7RF o %= 1Y real-time PCR
1% Applied Biosystems @ 71 + T — )b & —HLL %
L CT47- 720 total RNA (10 ng) % 5 ul @ dH,O |Zi&
AL dH0 (X7 L7 —+ 7Y —)616ul 1X
reverse transcriptase buffer. 1 mM dNTP. RNase inhib-

itor 3.8 units. MultiScribe™ reverse transcriptase 50

Table 1 Sequence of primers for quantitative PCR

hsa-miR-1275
5'-GUGGGGGAGAGGCUGUC-3’
hsa-miR-3648
5'-AGCCGCGGGGAUCGCCGAGGG-3’
hsa-miR-188-5p
5'-CAUCCCUUGCAUGGUGGAGGG-3 ~

ESOEE VNI

£ 15k 2w

Tl
c-

units, £ miRNA |2 f¥ 52 19 % 5X microRNA specific
stem-loop primers (hsa-miR-1275 ; Cat.# 002840, hsa-
miR-188-5p; Cat.# 002320, hsa-miR-3648 ; Cat.#
464401 ; Applied Biosystems) 1 ul # 1 2 T & & %
15ul & L. 16°C 30 min. 42°C 30 min. 85°C 5 min
B % 47> T eDNA & &R L 720 e\ > T 20 FE il
L72cDNA2 ul IZPCR 794 v—&7a—7 (5-
FAM and 3'-TAMRA) % & ¢ 1% TagMan® MicroRNA
Assays (Applied Biosystems) ., TagMan® Universal
Master Mix, No AmpErase” UNG (Applied Biosys-
tems), dH,0 (X7 L7 —¥71 —) &z em%
20 ul & L. Light Cycler 96 (Roche Diagnostics GmbH,
Mannheim Germany) % H \» T 95°C 15 sec -60°C 1
min O % A 7 )V %& 50 [ 4T o 72o 7 — % & Light
Cycler 96 Software Ver. 1.1 (Roche Diagnostics GmbH)
\ZTHRAT L 726

& S

1. BEEED A DIRIEFEREN

KREFFE D R L 72 a5 8 15 FEB D 9 IR
AR ARARAS CIENR S A L2 S 7z 13 BIIZ DWW T
fEHT %2 47 > 720 B AVEME %S intraductal papillary-muci-
nous adenoma (IPMA) kL #ZWr &7z 2 BTS2 5
Beib L 7zo BEBEAS A BE OFERG. MR, HEEE. 2
7 — V% Table 2 27K L 720 JREZHIORFE, T
invasive ductal carcinoma (IDC) (13 %)) T& - 72,
EHIZAT—VHITIE stage I'1 Bl (6.7%) . stage IT 1
Bl (6.7%) . stage II1 4 B (26.7%) . stage IVa 5 {4l
(33.3%) . stage IVb 2 5 (13.3%) Td > 72, miRNA
YA a7 VAR 2 B L BEEL A BER (IDC)
13 % H\3 72 miRNA ¥4 7 07 L £ OfER, i
HBE L HE LT 6 5D miRNA (miR-1275, miR-188,
miR-3195, miR-3648, miR-4281, miR-762) #%. Wl
MABEMIE T L Tz (Fig.2).

2. =R real-time PCR

miRNA ¥ 1 7 07 L A (2 CHWIM@ER %R L7z 6
ff > miRNA (miR-1275, miR-188, miR-3195, miR-
3648, miR-4281, miR-762) @ 9 H hsa-miR-1275,
hsa-miR-188. hsa-miR-3648 @ 3 ffil |2 D \» T quanti-
tative PCR (QPCR) % 1T » 72 2 @ 9 5. hsa-
miR-1275 135 1 & Il L CRElis s A R oo i
R CAHEISHIN (3.45 5. p=0.00028) L T\ 5%
Z & AR S 17z (Fig. 3A) o hsa-miR-188-5p. hsa-
miR-3648 |22\ T & FEfiE A A B CHY I M A R
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Table 2 Patient characteristics and pathological findings
This table shows patient characteristics and pathological findings on resected specimens.

Age Sex Pathological findings Stage Array qPCR
66 F invasive ductal carcinoma (IDC) (pap>tub2>tubl) I Y Y
70 M  invasive ductal carcinoma (IDC) (tubl) IVa Y Y
50 M  invasive ductal carcinoma (IDC) (tubl) IVa Y Y
53 M  invasive ductal carcinoma (IDC) (tubl) IVa Y Y
61 M  invasive ductal carcinoma (IDC) (tubl>tub2) 111 N Y
73 F invasive ductal carcinoma (IDC) (tub2>por) IVb N Y
54 M invasive ductal carcinoma (IDC) (por) IVb* Y Y
65 M invasive ductal adenocarcinoma (por>tub2) IVa N Y
75 M intraductal papillary-mucinous adenoma with IDC 11 N Y
69 F  invasive ductal carcinoma (IDC) (tub2>tubl) I Y Y
81 F invasive ductal carcinoma (IDC) (tub2>pap) 11 Y Y
73 M invasive ductal carcinoma (IDC) (pap>tubl) I Y Y
70 M invasive ductal carcinoma (IDC) (tubl) IVa Y Y

M : male, F : female, Y: Sample examined, N : Sample not examined, * : peritoneal metastasis
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Fig.2 Expression of circulating microRNA in serum obtained from pancreatic cancer patients and controls by microRNA array
analysis. Six potential microRNA markers for pancreatic cancer were determined. Y axis shows intensity of signals.

57z (hsa-miR-188-5p: 1.138 f%. p=0.42. hsa-
miR-3648 : 1.72 fi5. p=0.064) b O DO, FEIFA
EAEIFED SN o7z (Fig. 3A). T 72 HEEATA
DAT — TV HNIHEMT L 72452, stage T TI3EHFH
BELHBLT42/C LA LTBY, AELREZR
B 7z (p=0.04) (Fig.3B)o
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Fig. 3 Quantitative real-time PCR
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A), B) Serum levels of 3 potential miRNAs were measured by quantitative real-time PCR. Serum levels of hsa-miR-1275
in pancreatic cancer patients were significantly elevated compared to in controls (p =0.00028).

miRNA ¥ 4 7 0 7 L A T 6 ff%H ® miRNA (miR-
1275, miR-188, miR-3195, miR-3648, miR-4281, miR-
762) OBEINME % 2o (Fig. 2). miR-1275 ([ E &
1Y real-time PCR {12 & 1), f@H & IR THEIZ
FEREAT A BHEMEHTEA L TWD 2 & 2R L 7
Z &5, miR-1275 XIS A OF N A A+~ —
H— L THMATH L Z EAREEINT (Fig. 3A) -
AT — VB OFFEHT T stage I O B MIEH CTHE
12 EH L CTwiz (n=4, p=0.04) (Fig. 3B). stage I C
X 2.81% (n=1).11 TlE 1.23 1% (n=1).1Va Tl 3.47
% (n=4,p=0.08). IVb TIL 3361 (n=2) &NAD
I TH 5 stage 1 12BNV TH EFAMEMS RS N7,
72720, SV BOBBETH - 727z 0 fF EEM

ENTE Lol RIBMINAA~— -2 LT
DHREIZOWTIESHROBETHRETH 5.

F2ARWFZETIET » TV S MEE DR S
TWeZ ehbr sy — ARG & Vo 72
MED & TmiRNA DT 7 7 41) ¥ 7 %179
CEATHR R o 720 I D K57 T miRNA O 7
077 ANVPERLZLONE)PEHALPIITH L
T, Ifi{E miR-1275 OEBER 2 BRI OV THELT
ELLbDEEZ D,

IR, I O miRNA O = O EEI A D
BRI b TWAZ EIIHMEESNTVE LD
DY, BAMBHANORB 707 7 4 )V &M E &L
K 70 EHARRYE O miRNA OFBL 717 7 4 Vii—
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T2 LIRS vy, KWFZEIC & D hsa-miR-1275
NS A BZME R THBEICHEML TWwa 2 &8
HOENE R o72A, BADOHE, BRBIZBVWTE)
WO RBEZ RO DI S A TR\ £ 2T hsa-
miR-1275 D ER & T 5 BInF 2R T L 720121
AFXA T HRT 47 AL DHERER21T -7, hsa-
miRNA-1275 @ I ) mRNA % miRNA 1) 7 — %
~N—Z (miRNA.org) THZK L 72L& 2 » 7807 #1n
TEME LIRS Nz, BEfiEETO) b, Lk
fir 50 BIA T2 DWW THEIZTHERET — ¥ X — A PAN-
THER (protein annotation through evolutionary relation-
ship) classification system % F\» CHERERE & & 12554
L7 ZO#EF. hsa-miRNA-1275 OIEM#ER T &
LTHEOSEEEZENE L) 52 EhTHl SN
72 TNH D9 B, TGFPR3 (Transforming growth
factor receptor III, betaglycan) (ZFERK AT A FLAT A
Wias Ay OREEDS A HINIIRDS A% & CHRED DA
BOTHAMHBET L LTEHE ) 22 LhREN
TBEY ., BHEOK T IIFAMBOREEED TS
JUHBRROTIHEICHEET L EPHL 2L 25T
VB0 LAl 4 YL L 72 R Y A BB I T
FHLTWwa Z & 2R L 72 miR-1275 £ TGFBR3
D3UTRIZ2 AT OEMES AHFEEL TB Y.
TGFBR3 ® mRNA # 1y & L1535 miRNA TH 5,
g S AR L O miR-1275 & A% A F IR @
TGFBR3 @ mRNA O FEHL&E & OMIZHBEDH 5 &
FTAUSBEADS A ML TlE miR-1275 % M/t~
HIEICED, IDEBBLLTVWEREAED LT
WAHHREMED D B o

RBFZE S B £ 0 BRI AS A BCE I T O hsa-
miR-1275 OB EINIBERE A DO~ —FH — & 7
D9 72T TR EESADERSLFHZIZED S
TR AN ZZALD—2 %o TWAIEEEDDH
D\ HEERTFHRIEMA~ OIS H SRS S,

& i

RIFFEIZ B TR AT A B E MLE A miRNA O

FEMIRAT %2 47 o 7245 . hsa-miR-1275 23 HEfE 25 A

DPFENA F~—H— & LTHHATH AR
X7z,

it 6 4 : BT AR ML T microRNA O HEFE AT
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Comprehensive analysis of circulating microRNA and detection of novel
biomarkers in patients with pancreatic cancer

Bunso KYO", Yuichi NAGAKAWA ", Shinobu UEDA?, Kohsuke KANEKURA?,
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Abstract

Several miRNAs released from malignant cells play an important role in tumor invasion and metastasis. This suggests that
circulating miRNAs might serve as potential biomarkers in the diagnosis and prognosis of cancer. Biomarkers that have
already been identified for detection of pancreatic cancer, such as CA19-9, are inadequate to allow early detection. Therefore,
a great need exists for new biomarkers for pancreatic cancer. The purpose of this study was to evaluate and comprehensively
analyze circulating microRNA isolated from patients with pancreatic cancer and controls with the aim of identifying novel bio-
markers for the early diagnosis of pancreatic cancer. Several specific microRNA markers were identified. Expression of hsa-
miR-1275, in particular, was confirmed to be significantly elevated in patients with pancreatic cancer in comparison with in the
controls, particularly in patients with stage III disease. These findings suggest that miR-1275 offers a novel specific marker for

pancreatic cancer.
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