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I. BRROHME (RiEHT7EHRE)

IR ITEE TN DI B TAERIEE, T = v 7 R4 MEEHE e & OF#l b FREDOBSGIZ &
0. DAREKROIEE T ZIILEERICH D, LN LARROIENRAIT, 2 OFHIREERIC S KSR Z
L<, BURTY 5 FAMFEDN 10%ITH -2 WEHEREONRKR TH D, FoZORBREEIT M
IMERToH Y . BARTIINESBOFMETHEE 4 0, KETITAREZ RN T 3 MU EF L TWD, B
DFHARDIRE E LT, %< OIEFINZEIRFIC T TIZFITES O R W TR ADIKEETH 5 2 L 3%
Fonan, BURTIIEEE 2 RHICRZET 2 M A~ — I —— kA7 U — = sk CTHa T vl RE 72 i
G WHEN N EZFEEITE > TR, ITFE, BT AT EFEOF R~ — 0 —HRFE 2 /Rl
2Tl & OMEFEAIIEAT IR N SdIC R R, W& L. £ < OFHUERIERIZEERIEICH 203, s 1345 F
TOWRMR T — 7 = ZH 2 MO T8RRI CIXRE T 5 2 LN TE o T2 KERLS] RNA
EMEEND /v a—F 07 RNAICHER L, A OKRHEZ AW IHREN, oo 2 72 B
W~ —JI—DBRFEICEFL TV D,

FaxDEHLTWDHT T A FEANIGERT LIRSS U CTHEET 5 ARSI O —FE T, @H
RRI~T m 7 u<F &R L Cl < EREAIH S TV D23, AR TIE Z oIl 23 /b TRF I
AL TND, BxlI~v T ADYT T4 MLSIPREEEEO PN RERIAL TVDL L, 2T
74 I RNA OBEFEIUC K > TT U X LRZEREBREN LA LG LZ R~ LD BER 1Y
FEREFFOZ L a2HE L7z (Kishikawa T et al. Nat Commun. 2016),

Fexide hOYT T A MRS OERFEN T, AR TRENICEFEBE L TS 2 ERmEIh
TU % HSATIIRNA (ZHEH L, T x g2 b IFREAIKR T 5 FIEOHI AR AT, L LR
O AEELS RNA XA RSN AN —451 EIZiE 0 IR LA A TV 72812 primer Z U ET 5 2 & 0A
HTHY, BEOEBERIZHND U T NLVH A LAPCRIETIIEMICERT D Z ENREETH-T, T2
T, ZORMES%Z wikT 572912 Tandem Repeat Amplification by nuclease Protection (TRAP) %
MBEINIHESL LTz, & OFEIIIERS RNA O core unit (ZFHF#AY 72 RNA probe Z it RNA &1 7'V
FAXEHE, oo RNA Z—HEEH RNA SR A RNA 5% 3E12 K 0 1H{k3 % Z & T core unit DA% il
HT2FETHD, 2O L - TESI & R EOHi- 72 core unit Z{RHET 5 Z LN TE D72, Wils
FERIOPCRBAMRE L 2o Tz, FAILE DI/ N 7V 2 EREIZER CTE 5 droplet digital PCR %
MWD Z LT, MEODRWERBRKRELHGL LN TE,

ZOEREEE AW T, FEEICBEMEN DO HSATII RNA O 2 A 72, B KR E L ER I w e
[ ABE & 2 EIERE LTV 2 e, 36 KOS RRIED B 7> HERI L 72 ik & JAV T training setCef AR A
20 5, BERERE 20 B1),  validation setCefAE 10 B, BERERE 10 (5, AIFEAZRE 10 B 23 E L MiEH o
HSATII RNA #E& L7, ZO/E, miads— MIBWTEEE CTIETAEIC HSATII RNA 28 EH LT
WD EDPRREINTZ, S HITER1%OEIG TR 2 &S, BEHZA & 7728 S5 HEE NFLBRR IR
PEIES (IPMN) OBEFEICBWTHAEICH RIS R TE 5 2 LRS-, IPMN BEITBATOME
B~v—N—Th2 CA19-9 TlHESHIETE R, REIEE, H25WIEE Y X7 BFOFHVIATAIC
B2 A A~ —J1—Th 5 alietE 03 R S 1u7z (Kishikawa et al. JCI insight 2016),

Tx TS HITBUTO RNA ¥ — 7 = A TIEIMHTRRITT B 72 o TORD o T2 AT RCH Bl & PRER
% Z LT K0S AERS RNA ~— 1 — Z 8 TE 5D TRV E B 2 ARSI D 7% 51T
LIRS — 27 = 0 M 24T A CRr RAVIC S FE B L T 2 8T O Bl g 2 2R E L
770 ZHUHDBERHIZ OV T H HSATIIRNA & [AERIZ TRAP IEIC L5 EME. EENARETHDH Z Enb,
HSATII RNA & O I Dbl & 2 WITHEINE&EIC L 22 BHEDm EXABIETE 5 525,
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Recently, prognosis of cancer as a whole is improving by the development of collective
treatment and the appearance of new medicines such as molecular target drugs and immune
checkpoint inhibitors. However, pancreatic cancer is still one of the most intractable diseases which
is resistant to these new drugs. Moreover, the number of patients is on increase globally and the
number of annual death related to pancreatic cancer is the fourth leading cause in Japan and the
third in the US. We think the main reason of poor prognosis is that most of patients are diagnosed at
advanced stage because there are no efficient biomarkers which can detect early stage of pancreatic
cancer non-invasively and conveniently. Now, we focus on repetitive RNAs as a novel detecting marker
of early stage of pancreatic cancer, which have not been analyzed by current high throughput
sequence techniques due to their repetitive nature.

Satellite sequences are some subsets of repetitive non-coding arrays and located in tandem
at near centromere region. They are strongly suppressed in transcription in normal circumstance.
However, in cancer tissues, the expression is deregulated by currently unknown mechanism. We
reported that mouse satellite RNA is aberrantly expressed in precancer stage tumor and its
overexpression increases random mutation rate and accelerates oncogenic process (Kishikawa et al.
Nat commun. 2016).

We tried to detect HSATII RNA in the sera of pancreatic cancer patients, which has been
reported to specific aberrant expression in pancreatic cancer tissue compared with normal pancreatic
tissue. However, the measurement with conventional real-time PCR procedure could not work
precisely because PCR primers may bind to multiple sites of HSATII RNAs due to their repetitive
nature. Therefore, we develop a new method named Tandem Repeat Amplification by nuclease
Protection (TRAP) method. In this procedure, extracted RNAs are hybridized with RNA probes
complementary to core unit of HSATII RNA followed by the treatment of RNase that digests only
single stranded RNA. Then, only core unit RNA are condensed and aligned in same length which is
suitable for RT-PCR. We further apply droplet digital PCR (ddPCR) to quantitate minute sample with
smaller measurement error.

Using TRAP method followed by ddPCR, we measured HSATTI RNA in the serum of patients.
We set two cohort groups (training set and validation set) and showed that significantly higher level
of HSATII RNA was detected in pancreatic cancer patients than control patients in both cohorts.
Moreover, in the validation set, intraductal papillary mucinous neoplasm (IPMN) group which is
benign cystic tumor of pancreas and is regarded as pre-cancerous stage also showed significantly
higher HSATII RNA levels than control. These results suggest that HSATII RNA can distinguish not
only early stage cancer but also pre-cancer stage patients, which may be useful for a screening marker
to pick up high risk patients of pancreatic cancer. (Kishikawa et al. JCI insight 2016).

Furthermore, to explore other higher sensitive repetitive sequence which had not been
analyzed conventional RNA-seq, we performed high-throughput customized sequence dedicated to

repetitive RNAs and found several candidates which specifically express in pancreatic cancer tissues.
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