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Development and medical application of peptide and RNA aptamers that
bind to CCN2
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PR SR OMEEE (33C) : CCN2 is known to promote harmonized regeneration of bone and
cartilage tissues and to be involved in fibrotic disorders of a variety of organs.
Therefore, regulating CCN2 function is of great significance in the field of regenerative
medicine and fibrosis therapeutics. In this study, we designed, synthesized and
evaluated the effect of aptamers that bind to CCN2, in order to control the molecular
action of CCN2. As a result, we could obtain a few aptamers that could promote cartilage
regeneration, or might regulate bone remodeling.

AN IR TERR
(BREHAT - 1)
[ERES L LIEESES ¢ e i
200 94 1, 400, 000 420, 000 1,820, 000
20104 1,100, 000 330, 000 1,430, 000
201 14 1,000, 000 300, 000 1, 300, 000
& 3, 500, 000 1,050, 000 4,550, 000

WFgesy B« [E 3

P o F - fiE « B - BEER AR R

F—U— R AR Ly - Ml - BAE T

1. BFFERRAE SO 5=

AR PR T2 - S 22 (T T 2 1T

FHAE S TSR & B AR BR R 2 ik L < PR
STz, HERERY - TRHERIIZIER 72 b DAKRD 5

NDBBEIZA-STWD, £ CTHEE LME
HLIZONRCCNZ 7 I U —Z NI ETho
Too T N7 EIE, —IRAEERIZIES
—ADE Y 2 — /LPER ST S TWD



LZONRFETHY, FEY 22— T TTHK
% DERGFEMAEEREZRS, 251 T
H7e b INDMOEMRS T L DOLE AL
MZER, CCNT7 7 IV —Z LRI E D
IRHRRE R XA T D, £ DT D HREITHEAD
SMERT Y U — 7 OFIERETH Y . CCN
77 V=& R BT R 7 st
K7 ORI E ZHRMAERZE LSO,
F L L CORFIE LWHER O FERUHERF 28 <,

LIRI2N B EEF 5 IXCCN22AS, #UE fll <>
TEAMARIT KT LCL AR & A b & O AR I
TOBRM G 2R ET D2 E2H 5T LT
&, £27 v FERAGCZESEREXE, B
RIBET MK LT HEIFRFE Y CCN2I Ll #i
ik DA A2 CCN2IIEE L7223, T~ & 1T
BASNTHBEOE TH D, TUTFEHAOIE
A & R E TICHEML, WE OBRMN
R LARVNEETH o7, —FHCCN2ITIE,
PLED X5 7p8EE & 13RI Or WAl & 7FES
Do FAUTIRBUEICANE S DBHEILIRZS ~
D TH 5, MEOBHEIIZZ < DHAER
AR T - T, HEE T 2D ERFE L
THEM L7725, T LTEL OBMELIFET
IZCCN2DIHFIRELA R B D D Th %,

YL EOFT RN GIE, SO & v e &R
HELIRAED 2 ha—/L D721, CCN2
Dy FERBAHIET 52 ENEHETHLZ L
B, LALCCN2KZ w237 B E LTk
PE, fiRIEE b T L, RPN
H DAEZES P L O FE THE & 72 R AU B
HLTWD LD THD, WITHHEILHREZ =
> ke —L 3R CCN2D 4y - HEhE % HICCN2
PURIZ X 0T 2R A b2 STV D A8,
PURPRIEIZ IRk % Z2EDME S . B — T2
RPFHUA A RO L, KRR L TRE
AT 2 DI OFF, BHZ LT
MUETH D, S HICHRITIZRIE - 5K
JEZEE L TLE D ATREER >V TES, 2

OO DT — VOB NN E E
W TRIZFTLLTH S,

2. WMHEOBR
ZOXI RN EFHTH7-008 i &

LT, HEELNER LN 742 ~—T
bbb, TTHE—LIITT FED aptus”ICH
KT DM E L O—RED 1T, FFEDD T
IZHEA T DMWE % b O/ N S b A T
bob, EEpT S Ev—L L TIRELI ST
TARTF RT I~ — 7 72 ~—0 %
V. ERRBL T TG S AR BRI
Fx EF s H5, ZhHIFERNS T
RSB L. DA BT 5 2 Lic &
D AEWTFHRINRERES D, T H~—d Ak
L8 & 2 WITEBRE PRI AR SN D T2
TE LT KREMFENATEETH O | fEIRNE 72
FOMBEEZECIZK VWO RERFFTH D,
— BT T~ —BHFEO BRIE, R e
ROEFFOTH A=A N, HDHNET A=
A N OEIFITER SN D B DTED, CON2ZAE
&7 72 ~—ERIIE, KVRVWEE
ERERDDL ZENTE S, 72872 5CON2
BREDOAEIL, S ESERN T E4DDEFEY 2
— NV EN L CEHEMMBEERZIT) 2L i2h
LB THD, DFEVCON2AZKTT DA 72T
T E =% R L. FTCCN2E DFEAFEM,
% L CCON2-7 7 & ~ —FH EAEH OfE R A
NDAEWFHINER, BLOEICHET S
CCN2 & il 7y & DI AAEH O 2 2 &I
fRHT9 5 Z & T, CON2 & W ) BB e M %
Do OMRED 2R &+ 5 ECH A%
BERPEOND L ETEEROTH D,
3. WD Ik
(1) CCN2& R B O - 77 %~ —B %
DEAR LI DB Z & RCCN2K /37 E &
L. KGHE %, Brevibacillusisie, migliH
Mgk av v rr N R B EZER



L, BRI U CTERICHELZ, 5
H 1 DIXCCN2D = kA1 2 5dak 3~ D HUA T
T AT 4 T OIRBL S BRER 7 T D,
Q) 77 H~—DFKEHERMS & ARk T TF KT
TR~ — AT DEEARER A G D 72912, CCN2
IZHERT 2T F RESNDOR Y ) —= T %
1T 7=, A 7= J5 1% 1ZPhage displayi®: & FEIE
b 0T, REIIZRIENGIRD T X L
7 X BRI EFEORT T R BRI H N7
TIVFT 75—V T4 77U —n5HCCN2IZHE
BATLHLOEEROHTEDOTHL, ZI9LT
1551 7-CCN2FE B BLAINC HED & | [EFH & Rk
IZTARTF FOEFEEMEIT T,
(3) I fHIFHEAEH OfgNTE . 77 & ~—L
CCN2 & DG FHI D5 — B Tk, —Ax DBk
SFHUARYE (ELISA) IZHET 2 [EFAAS A 15 4 1
AL, ZoOHETHAPHERINSGE
\ZFKH 7T AE IHI(SPR) JEIZ LD 4y
- [AE ELAEH OB ARG I A 72
(4) WE BN R OGRS  #CF #E A% Din vitro
E7 V& L CHRE M AZERHCS-2/85f i 2 F
T, 77X ~<—MZ X > THND MEAEY
PR A ET S V| BRROER Y AT
B L OB~ — 7 — B a T RBLOERIC
X o TRHm L7z,
(5) A HRATE B2 2 O REAT I
il B R RITBE AR ALK C & 5 RAW264. THHa %
M, 772~ —OIFET « IEFFETITRB W
TRANKLIZ & » THHE S D E Mld 3k
DEAWEHITAN Y 7 F UG E, AR
PEERAR A 7 7 2 —BIEMR B EDRT A —
(2D & LB fRAT L 72,

4. BFIERR

() 77 H~—DkEH & FE : Phage display
library% VT, CCN2IZHEA T D 125505
BT F RSO RE ZilF, BT
BlS 2 FEBREICHI 92 Z S ITREI LT, 15

ST G R Din silicofif T 2% T, 8-125% K>
BIRDHRTF RT T H~v—h ZHHAELT,
(2) R1ET 7% ~—DCCN2 & DFAEAEFH D
FENT : eV T(L) TR L2 TF KT 7
~—DCCN2~DFfE G & FFRE A 15E72R & NS
SPRIEIZ R W T &AT o 12, ZORER., BRK
L 72T F ROHEFEE TCCN2~DRF B
IS B DR TE 12,
(3) WB AR AT 74 ~— DOAERHE: & 6
IZQR) THEB DIER CE 12T F KT S A ~—
’ﬂbCﬂQ%ﬁLtﬁ%i%%mw%®@
ZkTHEATS, £ CCON2%& H I KB B pE
Lfmétb%ﬂﬁ@%wxemﬁ@%%m
T, OSBRI R D 5 A U T
SVUVORYIABETIME L=, ZOREHE.
2FEDTF KD HH 12, HCS-2/84l D
B A A REIARET D 2 E N A ST, 2
DT T H~—F, WEESEEERICRT D
JSRATEDAREMER S D, L LED—JT,
D1 O0OXTF R, TOLI 7R
SR ERIRE B RED DL o T, BRI
WZ T, ZORT T RiE 3 TOCCN2~Dif
BRI CliX, D7 7% ~— 1 b #VCCN2
~OBFIMEZ R LT,
WIZZ DT 75 ~—DF$ET HIHEREHN CCN2
KA T D DA MGk LTz, 3720 HCCN2%
A L7 W HBRRRIC Y3 T 74 ~—% M2 ThH
NI L L LIFEIFFIZCCN2Z 44 0
LIRS 2 LN RAEFHETH 2 & 2 LTz,
(4) TE IR RRAREE T 7 & ~ — DOFERERT
i : BUET 7 H~—D I HD 1 2OI%, WrEH
RaTE Rl 3 C ER L2 4% 5 4 {37 % receptor
activator of NF-xB (RANK)DE 37 X/ BAED
SNERIME AR H T 5 2 & Binsilicofiffir T &
M oTz, T OFIFIIRANK E | FlEHliE
FERRIC 1L 0 B -9~ 5 CCN2ODFH AL % s
Y DM, BIFE F TIZCCN2 & RANKAMFH A1
AEFO LW TRy, 22 CTET



RANK?Z; - & CCN2DAH AAE ) & R R L 72 s
. WEOBDIEERHR I NI, D%
FLIZCCN2DBEREZ D D D ARE O Jiy it D
HIZER 20 LTEETHD,

P EZ B E 2 RANKEREL O Y547 7' %~ — 03,
CCN2 & RANK & D43 F[HAH EAE IR L T
WA G2 D0EERT LTz, TORE,
WML T 7 ¥ ~—IICCN2 L RANKDfEA % Tp
LARET 28 R 2 584 L7z, S HIZRANKL
HIEZ X > CRANKZ2 Hfla NI A E S b
MR A PR LT & 2 A, HjET
74 ~—I%, RANK®D U 77 > RRANKLRENNZ
& o TR E M3 E S D NF-«BOBE
TR L, E ARk 2 5 2 ArRet:
BB E oo T, LLEDORERIL, CCN2IZ %t
TLT7 T E=—IZ LBV ET Y T
AREMEA TR T D TH D,

(5) CCN 2 BEREMNHIRI AT F R T 7 X ~—D
BERERTAT : RANK OO E 2451 L 7Bl D=7
K7 7% <—0O & D%, invitro CRANK Y
- & CCN2 & DR EAER Z 03 % & Ofl R
15T, ZOT 7 X ~—ZCCN2DOH B HEE
RRARHEVEF & 4l 3~ 2 rIRetE 2 FF o1& L
THBERIMHET 5,

5. ERFEEIHCE

(WFFeEA . WHIEo R e O DT e 1
(=S I)

UdEsEams) Gh2 1) X TEHH Y
@ Kawata., K., S. Kubota, T. Eguchi, E._
Aoyama, N. Moritani, S. Kondo, T. Nishida and
M. Takigawa. 2012. Role of low-density
lipoprotein receptor related protein 1 (LRP1) in
CCNZ2/connective tissue growth factor (CTGF)
protein transport in chondrocytes. J Cell Sci., in
press.

@ Kubota, S. 2012. CCN2 and orofacial tissue

development and remodeling. Jpn. Dental Sci.

Rev. in press (invited review).

® Kubota, S., and M. Takigawa. 2011. The role

of CCN2 in cartilage and bone development. J.
Cell Commun. Signal. 5: 209-217 (invited
review).

@ EKawaki, H., 8. Kubota, A. Suzuki, M.
Suzuki, K. Kohsaka, K. Hoshi, T. Fujii, N. Lazar,
T. Ohgawara, T. Maeda, B. Perbal, T.
Takano-Yamamoto and M. Takigawa. 2011.
Differential roles of CCN family proteins during
osteoblast differentiation: involvement of Smad
and MAPK signaling pathways. Bone 49:
975-989.

® Nishida, T., S. Kubota, E. Aoyama, D.

Janune, A. Maeda and M. Takigawa. 2011. Effect
of CCN2 on FGF2-Induced Proliferation and
MMP9 and MMP13 Productions by
Chondrocytes. Endocrinology 152: 4232-4241.
® Kondo, S., S. Kubota, Y. Mukudai, T. Nishida,
Y. Yoshihama, T. Shirota, S. Shintani and M.
Takigawa. 2011. Binding of
glyceraldehyde-3-phosphate dehydrogenase to the
cis-acting element of structure-anchored
repression in ccn2 mRNA. Biochem. Biophys.
Res. Commun. 405: 382-387.

@ Nishida, T., K. Emura, S. Kubota, K.M.

Lyons and M. Takigawa. 2011. CCN family
2/connective tissue growth factor (CCN2/CTGF)
promotes osteoclastogenesis via induction of and
interaction with dendritic cell-specific
transmembrane protein (DC-STAMP). J Bone
Miner Res. 26: 351-363.

Miyake, Y., T. Furumatsu, S. Kubota, K.
Kawata, T. Ozaki and M. Takigawa. 2011.
Mechanical stretch increases CCN2/CTGF
expression in anterior cruciate ligament-derived
cells. Biochem. Biophys. Res. Commun. 409:
247-252.

© Kodama, T., S. Kubota (14%H) , M.



Takigawa (153 H : 1844M%) . 2011. Increases in
p53 expression induce CTGF synthesis by mouse
and human hepatocytes and result in liver fibrosis
in mice. J Clin Invest. 121: 3343-3356.
Ohgawara, T., S. Kubota, H. Kawaki, N.
Kurio, T. Abd EI Kader, M, Hoshijima, D. Janune,
T. Shimo, B. Perbal, A. Sasaki and M. Takigawa.
2011. Association of the metastatic phenotype
with CCN family members among breast and oral
cancer cells. J. Cell Commun. Signal. 5: 291-299.
@ Sumiyoshi, K., S. Kubota, T. Ohgawara, K.
Kawata, T. Nishida, T. Shimo, T. Yamashiro and
M. Takigawa. 2010. Identification of miR-1 as a
micro RNA that supports late-stage differentiation
of growth cartilage cells. Biochem. Biophys. Res.
Commun. 402: 286-290.

@@ Takeuchi, K., S. Kubota, E. Murakashi, Y.
Zhou, K. Endo, P.S. Ng, M. Takigawa, and Y.
Numabe. 2010. Nicotine-induced CCN2: from
smoking to periodontal fibrosis. J. Dent. Res., 89:
34-39.

@ Sumiyoshi, K., S. Kubota, R.A. Furuta, K.
Yasui, E. Aoyama, H. Kawaki, K. Kawata, T.
Ohgawara, T. Yamashiro, and M. Takigawa. 2010.
Thrombopoietic-mesenchymal interaction that
may facilitate both endochondral ossification and
platelet maturation via CCN2. J Cell Commun
Signal. 4: 5-14.

Kawaki H, S. Kubota, E. Aoyama, N. Fujita,
H. Hanagata, A. Miyauchi, K. Nakai and M.

Takigawa. 2010. Design and utility of CCN2
anchor peptide aptamers. Biochimie 92:
1010-1015.

@ AoyamaE., T. Hattori, M. Hoshijima, D.
Araki, T. Nishida, S. Kubota, and M. Takigawa.

2009. N-terminal domains of CCN protein
2/connective tissue growth factor bind to
aggrecan. Biochem. J. 420: 413-420.

Takeuchi, H., S. Kubota, E. Murakashi, T.
Fukada, S. Hashimoto, M. Takigawa and Y.
Numabe. 2009. Effect of TGF- 51 on
CCN2/CTGF in normal human gingival
fibroblasts and periodontal ligament cells. J. Perio.
Res. 44: 161-169.

(F¥E) (G5 314F)
(D Nishida, T. CCN2 promotes

osteoclastogenesis via induction of and

interaction with DC-STAMP and by enhancing
RANKL signaling via interaction with RANK
and osteoprotegerin. Cell Signaling Networks
2011: the 13th IUBMB Conference, the 1st
PABMB Conference and the 3rd Meetings of the
Signal Transduction Branch & Oxidative Stress
Branches of SMB 2011 4F 10 H 22-27 H
Mérida, Meéxico.

(@Kubota, S. Role of CCN2 in the remodeling of

periodontal tissue upon nicotine exposure. Novel
targets for cancer and connective tissue diseases:
A meeting sponsored by the International CCN
Society 201149 H 24-27 H  Vancouver,
Canada.
FHILBEE - RANK f5G 4 v /378
CCN2/CTGF X RANK-RANKL > 7 /L &2
Y5, 5F 29 BEREHFERFIMES 2011
BT H 28-30 A Kkt
@ Aoyama, E. The role of CCN2/CTGF binding
to receptor activator of NF- « B (RANK) in the
RANK-RANK ligand system. BMB2010 (5
83 [Al H A E L R, 5 33 Al H A4
W), 20004512 A 7-10 B, #hATH
(® Aoyama, E. CCN2/CTGF binds to fibroblast
growth factor receptor 2 and modulates its
signaling. Sixth International Workshop on the
CCN Family of Genes 2010 4= 10 H 20-24 H

Newcastle, Northern Ireland.



® Kubota, S. Screening of CCN2-binding

peptides and its scientific utility. Sixth
International Workshop on the CCN Family of
Genes 2010 4= 10 A 20-24 H Newcastle,
Northern Ireland

(@ Nishida, T. CCN family 2/connective tissue
growth factor (CCN2/CTGF) promotes

osteoclastogenesis via interaction with dendritic
cell-specific transmembrane protein
(DC-STAMP). The 31st Annual Meeting of the
American Society for Bone and Mineral

Research 2009 4F 9 A 11-15 A Denver,
U.S.A.

@ALREE CCN 77 IV —@Iaf DS
Bl & =AY FER B I3EAR
CCN 77 I U =it v Ay 7 A 2009
48 A 28-29 0 [l

QAR Bl FRBLOERG %M O R
FME MR CCN2 oipa [MILKRF:
RAFEE A BTSRRI RE B - PR
FHLFEMI = RY U A 2009 4F 8 A
11 H [

Kubota, S. CCN family proteins and micro

RNAs: Extracellular and intracellular conductors
of molecular networks. The Second International
Symposium of Medical and Dental Education in
Okayama 2009 4£5 A 17-18 H  [dli

(KE) Gtat
(D Kubota, S. and M. Takigawa. 2012. CCN. In:

Encyclopedia of Signaling Molecules (Sangdun
Choi ed) Springer, Dordrecht, Netherlands, in
press.

@ Kubota, S., Y. Mukudai, H. Kawaki, S.

Kondo, T. Eguchi, K. Sumiyoshi, T. Ohgawara, T.
Shimo and M. Takigawa. 2010.
Nucleophosmin/B23: A multifunctional regulator
that determines the fate of ccn2 mRNA. In: CCN
Proteins in Health and Disease (A. Perbal, M.

Takigawa & B. Perbal eds) Springer, Dordrecht,
Netherlands, pp. 41-55.

@ Eguchi, T., S. Kubota, K. Kawata, Y.
Mukudai, J. Uehara, T. Ohgawara, S. Ibaragi, A.
Sasaki, T. Kuboki and M. Takigawa. 2010. Novel
transcriptional regulation of CCN2/CTGF by
nuclear translocation of MMP3. In: CCN Proteins
in Health and Disease (A. Perbal, M. Takigawa &
B. Perbal eds) Springer, Dordrecht, Netherlands,
pp.255-264.

@ Takigawa, M., H. Kawaki, S. Kubota, K.M.
Lyons and B. Perbal. 2010. Cooperative
regulation of cell proliferation and differentiation
by CCN2 and CCNa3. In: CCN Proteins in Health
and Disease (A. Perbal, M. Takigawa & B. Perbal
eds) Springer, Dordrecht, Netherlands, pp.
105-109.

6. WFITHLAR

(D WFgERFEE

ANFEH B (KUBOTA  SATOSHI)

] LR 2 « KRl th SR ST ge Rl - e
W& 5 - 90221936

(2) Wrge sz

)l IEF (TAKIGAWA MASAHARU)

[ (LR« REFPE= g K S 2e Rl - 2%
W& - 20112063

AR &7 (HATTORI  TAKAKO)
] LIRS« KRB e A ge Rt - Bh#k
WrgeE 25 1 00228488

PG 4% (NISHIDA TAKASHI)

] LIRS« KPR s 3K A A 2e Rt - B
a5 30322233

#FHil #EH (AOYAMA ERIKO)

] LIRS« KPR SRR A 2e Rt - Bh#
s 10432650

(3) LR TEA



