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Bioinformatics-based functional analysis of telomeric non-coding RNA
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Telomeres are specialized structures that stabilize the genome at the ends of line
ar chromosomes. Recently, it has been reported that telomeric DNAs are transcribed to non-coding RNAs call
ed TERRA. Since the precise importance of TERRA remains unknown, here we investigated the function of TERR
A especially in human cancer cells. As the results, we found that cancer cells with more TERRA expression
decrease the expression of protein X, which regulates the growth signal elicited by tyrosine phosphorylati
on. Telomere elongation enhanced TERRA expression and induced differentiation of cancer cells. These resul
ts suggest that TERRA regulates its expression upon the change in telomeric structure and modulates the ca
ncer malignancy. These observations may be utilized for cancer diagnosis and therapeutics.

RNA



# X C—19, F—19., Zz—19 (3ti#)

1. WML DOE &

B DNA ORI H#E (end replication
problem) 2L 57 v A7 O, MiaE
(LM EFETDHZ LI TEBA

ZEHIT D, IFEAEDONRAMBIET 2 AT

—PEREM L L TCT e X T2 HAET L0,

HIRO S HAEEZ T, HAITINETICHA

DT AT —EHEREZAKEL, ZNHNE
BUC B AMIRD T a0 A T 2 S8, 0
FREEFEZFAIET 2 Z & #5EAE L T 7=, — 5,
BLERRWZ L2, DAMIEIET 7 X 7 —8%
HRBETH DI 0b BT, JHIMkD

EFMEettig L clvBnTr A7 i
FLTWLZLEBZ, LL, TOERIT

THTH S,

71 A 71X, shelterin & FEIEIN 5B HEHE
B 8 e REATFICE VG STV D,
FexiTe PRI SR JFCR-39 &2 HIVY,
T ATEHERFORBELT e AT RRE
Z A fERICE & L7z Telomere Fingerprint
Database ZH#Z L7, ZHICkV, T8u 4
T ORRREIZIINAMIE S EICEERD D Z
M L7-, T4FiX. shelterin #5%[K -+
D—2>THs TRF1 XU, 71 A Tl
K+ D¥ LWEERE DS IR W T WS, T
bbb, TaAT T HE L OR—2 %,
MIENOIET v A TR EMHEERL, 28k
IRAEPRMSEE A B L TV D Z E RS NI
0 O0hD, DNTIX, b OMRENZ
R D AVIESE 25 LTV D TRES S
Zzbhb,

7 A7 DNA FFEEICRTFINTEY .,
FEHeEM OGE. TTAGGG DR LTH
%o ZORERINIEAEERFEZ2— N
T, RuEHME T AMERBNEKT DO
R CRREEEKE LTHLEETH DL, LEN
ST, TRATIFEEMIZIEY ALY M TH
HEBZONTE, LIANEHR, TR A
7 1L 3 =2 — K RNA [TERRA (telomeric
repeat-containing RNA)/TelRNA] & L Tiiz
BINDZ EREINTHE SN, BINES
N7z, TERRA OFIUIT o AT DR X &FH
B32&b0nbitTno2, ZOEEIFFFEL
G3io TN,

2. Mo H™

bt RDSARIE SRV 39 BEOT 1 A TR E IS
K OEWFHR O E &l (fingerprint) 7
—HNR— 2 BN ANTHICT v AT %1
FSWNAMakk% A LT, TERRA
DOHBEfRIN A2 BH5 7, FARM 72 ER B EEIX LA
TD2ETH%, (1) TERRA DI BIERE & 1
BE9- 2 M N IR 12 [F7E L. M5 OFESEEMIIA
REBREHLCT S, (2 TuxAToME
IZ & 0 TERRA O3BL & N W ERf L7 &
XONAMROEE LN L Dy THEF &
ST 5,

AR THONDEIT. BADOZW DI
25, BRRERRIC X B0 AT B ISH AT
R ISR A

3. WrEDTIA

(1) TERRA fingerprint O #iH 3 X OFHBEIA
AFRTG A—=FOBE & FBRAMI SR
39 2LV RNAZHH L, /¥ 7 my Mk
T TERRA OB Z M L7, TERRA D&
SR —THHD, V7T IRE LY
RNA R 2 S CERBMEILEZFEmRL, £
ZRICHOWT fingerprint it L7z, Zh
&7 a A7 BE#EK T O fingerprint & Fhig L |
TERRA O¥HL & A ERMBE 2R /34 48
TA—HEVARNT v T LT, Bk ¥—%
TIRIEFOW LY, 7 r A7 B 1L
S0 EAsF - B AE B O Fingerprint
Database (22T & MHBIfEMT 2 FEh L 7=,
ZhBbizk v, TERRA EMENA N2 D
BEEED > — Y& THILTZ,

Q) Tu ATHEIZMH S TERRA ORHEEL
& TS DS AR O E AL O fRAT
Frxld, 7r AT —EBMYy 7 2=y b
hTERT., 7 2 A 7R ER % %7 —F
1. HHWET v AT HEMGIE TRF1 ©
RIF v bR HT 4 7 ERIKOEFIF LI
Yo THRAMBOTa X7 %2 NAKICHE
SHHE, L TEEA R EEFREORBN
BledsrZaRELTWD, ZOEED
TERRA ORIBE(E /T vy METH
N, Flo, Z O ORBIRIZEA & B
L~ LB EWin vivo B/ 777 DL
LTIz, FFIZ, invivo TED X 9 72045
IEL TN E T 50y, GeneChip +
A r7aT7 A4 EZHNTHRE L, ZEEAT
HoFx v e U—irr b EEE TR
L. MEEFERZ FhE L7,

4. WFFERk R

(1) TERRA B X UOMIfBNK ¥ X ORHED
FHES : B R AMIE %L JFCR-39 KV
RNA ZfH L, /¥ 7 v v bETTERRA
ZHH L7-, TERRA OE SIZIAR B —Th-
772, 7 FIVIREE EEY) RNA £0 2 4
TEEHMEIEZERL, TNLENIZHONT
fingerprint ZHiH L7z (K1), ZNbx b
L2, TERRA DOFBIERNE & fHEE 9 2 kAN
K7 % BIO-COMPARE 7 /L3 U X A2 THE
KLl A, HERE (rfE) 220501
DHLOELT, Fu vl Uy 7

W TERRA length (base) I —
L TERRA expression

-1 -0.5 0 0.5 1
Relative TERRA expression/length (log)

X 1. b RAAMIL 3L JFCR-39 © TERRA fingerprints



b 5 MmN EAE 7 X A FEE S, TERRA
LR 7T BRI B 2 O HE R R 2R B
RMTFAET D AJREME A RIB S L7228, B0
FHECHEE L XBEEANGFE Lo 7272
O, X @iz E/ v Xy LizEED
TERRA #8128 b7 & BERERIRRAEIZ D\ T
XA H%OMBEE o7,

(2) Fur AT OMEIZL% TERRA %8l L2
AR DOTEEZAL - Fex X Eiko@Ey , 7 a
AT =Vt 7 2= » hTERT., 71 X
THERERFZ %7 —F 1, HDH50IET
o A7 MEMHIKFTRFIO KX v x4
T4 TEBROBEIEBLZ L o TR AR
DT B RAT & NARIME S S, @l
THEx RBIRTREORBNELT HZ L %
RHELTWS, ZoZ Eid, 7u A7 o
DMt DY RFEIIC B 1T D RNA $551240] 5
MORFRM 72 EE 52 TNWD Z L ERIE
4%, =2 T4E., JFECR-39 O T FriziE
W7 AT BREEL TWARIZIEN A PC-3
MfmizE B L, loxP BE%| CHeE v/ hTERT
B FOBREIRIICEIY, Ta AT HEKE
Btz L7, T a 2 7 & %I Cre
recombinase B+ % 3RHTHT75 ) U AL
2 Z ke &4, hTERT 18FIFEHL 0 52 % [
KLz, ZnbH0Ta AT HEME T,
TERRA £k RNA ORBINTTHEL WD Z &
BHHBNE o T2,

Fiko7 v 27K TERRA FEBLMHfark
DORB &2 ZE ST L7 & 2 A, in vitro
DR T CIXBEE ¥ A bidmt s
Mo, X— R~ 7 A0 K& T CT]AK
SNDEGHBEBE LA, T AT
i E#kT 72 b TERRA FEBUMRaE (DLF.
HlZT7a A T HEKREES) Tk, FFE072
PRERAEE (X 2) BEREShDLRE, B
BB DO FT R3F8D HALTz, BIRRHIE B sk oo fE
J5 ik, STAT1 - ISG15 - OAS3 72 &, A
THREBLD 18 WA AR B 1 R 8 AR B D FEBLAS
EH LTV, —J, Tu X7 MEMiEh Kk
DOEER TIEZF DL D RSB NIEEITHT L
TWDLZERHBLNE T,

e

; % Lox-hTERT/cre+
2. 70 A TR & D BISLIRAS A O IR E TR

INLORRIT, TrAT OMEELE &
HICFHFE SN2 TERRA S, 7/ LT A Rz

P REIR O EI R RO R L 5 2. O
TIEDS AR 0 BEME T BT 2 & il AE 5 5 AT e
PEIRIE L TN D, LLEDORREIIN A DOZK
DO #7257, TERRA EFEEHRKIZL DB AR
RISHTE 2000 Lt

5. FRFEERLE
(WFgeiRFE . WFIEs 8 K OV EERF 2 51
X TR

CdERSRm ) (FF 12 14)

@D  Ohishi, T., Muramatsu, Y., Yoshida,
H., Seimiya, H. TRF1 ensures the
centromeric function of Aurora-B and
proper chromosome segregation. Mol
Cell Biol, in press. &#if, DOL:
10.1128/MCB.00161-14

@ Hirashima, K., Migita, T., Sato, S.,
Muramatsu, Y., Ishikawa, Y.,
Seimiya, H. Telomere length
influences cancer cell differentiation
in vivo. Mol Cell Biol, 33:2988-2995,
(2013), ##Hif7, DOL:
10.1128/MCB.00136-13

@ Iida, K., Majima, S., Nakamura, T.,
Seimiya, H., Nagasawa, K.
Evaluation of the interaction between
long telomeric DNA and macrocyclic
hexaoxazole (60TD) dimer of a
G-quadruplex ligand. Molecules,
18:4328-4341, (2013), #HiA, DOL:
10.3390/molecules18044328

@ Tida, K., Tsubouchi, G., Nakamura, T.,
Majima, S., Seimiya, H., Nagasawa, K.
Interaction of long telomeric DNAs
with macrocyclic hexaoxazole as a
G-quadruplex ligand. Med Chem
Commun, 4:260-264, (2013), & H A,
DOI: 10.1039/C2MD20234D

® Ushijima M., Mashima, T., Tomida,
A., Dan, S., Saito, S., Furuno, A.,
Tsukahara, S., Seimiya, H., Yamori,
T., Matsuura, M. Development of a
gene expression database and related
analysis programs for evaluation of
anticancer compounds. Cancer Sci,
104: 360-368, (2013), ##if, DOI:
10.1111/cas.12071

©® Nakamura T., Iida, K., Tera, M.,
Shin-ya, K., Seimiya, H., Nagasawa,
K. A caged ligand for a telomeric
G-quadruplex. Chembiochem, 13:
774-777, (2012), #wif, DOL:
10.1002/cbic.201200013

@ MiyazakiT., Pan, Y., Joshi, K,
Purohit, D., Hu, B., Demir, H.,
Mazumder, S., Okabe, S., Yamori, T.,
Viapiano, M., Shin-ya, K., Seimiya, H.,
Nakano, I. Telomestatin impairs
glioma stem cell survival and growth



through the disruption of telomeric FAYTFRES (@), 2012 4 12 H
G-quadruplex and inhibition of the 11-14 H
proto-oncogene, c-Myb. Clin Cancer @ Seimiya, H., Ohishi, T., Muramatsu Y.
Res, 18: 1268-1280, (2012), # i, TRF1 regulates the
DOI: 10.1158/1078-0432.CCR-11-1795 microtubule-kinetochore attachment
Deardorff M. A., Bando, M., Nakato, and contributes to proper chromosome
R., Watrin, E., Itoh, T., Minamino, M., segregation. EMBO Conference on
Saitoh, K., Komata, M., Katou, Y., Telomeres and the DNA Damage
Clark, D., Cole, K. E., De Baere, E., Response (L'Tsle sur la Sorgue,
Decroos, C., Di Donato, N., Ernst, S., France), 2012 4£ 10 A 2-6 H
Francey, L. J., Gyftodimou, Y., BERE Y BRI F— [
Hirashima, K., Hullings, M., m’% LT ~HRAH LAY
Ishikawa, Y., Jaulin, C., Kaur, M., A ; o
Kivono. T.. Lombardi. P. M A7 V== 7~ SRR 24 B AH
yono, T., Lombardi, P. M., e Ly ey (BRD. 2012
Magnaghi-Jaulin, L., Mortier, G. R., FHGEH T —7 //3 b 7 (ZFh).
Nozaki, N., Petersen, M. B., Seimiya, F9H B5-8 H. fRfFHIK
H., Siu, V. M., Suzuki, Y., Takagaki, ©®  Seimiya, H. Regulation of chromosome
K., Wilde, J. J., Willems, P. J., segregation by a telomeric protein.
Prigent, C., Gillessen-Kaesbach, G., The 11th Korea-Japan-Germany Joint
Christianson, D. W., Kaiser, F. dJ., Symposium on Cancer and Ageing
Jackson, L. G., Hirota, T., Krantz, I. Research (Gyeongju, Korea), 2012 4
D., Shirahige, K. HDACS8 mutations 7H 57 H. HfFEH
in Cornelia de Lange syndrome affect
the cohesin acetylation cycle. Nature, (Ba#E) (G 31F)
489: 313-317, (2012), #Fif, DOL: O HEEZ, / —WEHEbLEZLLETR
10.1038/naturel1316 AT WEGE & DB W TR RIS~ D HIFF,
Surgery Frontier 20: 37-43 (2013), *
(Fa¥R] (G 381) F 4 ANV E 2—F
O FEEXRES, BEEZ, T e A TR © {HEEZ, FERRORIEAL L EEYE,
b MR AR OBRF B L HIHT S itk & BFZE 90, p.20-26 (2013), Kl “HEH
% 36 [l A A TAEMFRER () | s .
2013412 A 3 A ©) YHE%ZLTBfT@H‘Eﬁ?kﬁ%ﬂ@@ﬁ%
@ Seimiya H. Telomere length % R sz?/‘/%ﬁ;[ﬁ & %ﬁw@ﬁj %j%j’%l >
influences cancer cell differentiation mA EEE ﬁ};iﬁ i, ALZFFRIA
in vivo, The 3rd GDRI French p.56-67 (2012), ISBN:9784759815030
Japanese Cancer Meeting (Toulouse, .
France), 2013 4% 11 A 20 B | B #5i40H ﬁfﬁﬁ*ﬁ 0 1)
® WEEL HAAAEET 7u—Fo | O SO
ISHE L R OFEREL HT2I8 A N "
SHRERE—=2 T LI F v — (] o)
%) | 20134F10H 58, fAfFETE R I
@  Seimiya, H., Ohishi, T., Muramatsu, http://www.jfcr.or.jp/chemotherapy/depart
Y. TRF1 ensures proper ment/molecular_biotherapy/index.html
chromosome segregation in mitosis.
Cold Spring Harbor Laboratory 6. TFIeihas:
Meeting on Telomeres & (1) WFoefess
Telomerase (Cold Spring Harbor, W'H &2 (SEIMIYA, Hiroyuki)
NY, USA), 2013454 2H MABRGEE « DS AALSERR I v 2 — 4y 1/
(® Seimiya, H. TRF1 regulates the Ry - L R
microtubule-kinetochore e % 5 - 50280623
attachment and contributes to
proper chromosome segregation. 1st
International Symposium on
Protein Modifications in Pathogenic
Dysregulation of Signaling (# ) |,
20134-2H 1-2H
® CFEEKRES, A, EEES . Al
He—, HEEZ, 7u AT RPEENE
BFHBUC KT TR, % 35 RIA Ay




