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AL R P THNZE ST TO LB TH S,

ALP alkaline phosphatase

Ank progressive ankyloses protein

ANP atrial natriuretic peptide

AUC area under the curve

BMD bone mineral density

BNP brain natriuretic peptide

cGMP cyclic guanosine monophosphate

CHO chinese hamster ovary

CNP c-type natriuretic peptide

CPK creatine phosphokinase

CT computed tomography

ECM extracellular matrix

EDTA-2Na ethylendiaminetetraacetic acid

ELISA enzyme-linked immuno sorbent assay
Fgfr3ah activated fibroblast growth factor 3 achondroplasia-phenotype
GH growth hormone

GHS-R growth hormone sequetagogue receptor
HA hyaluronic acid

Hprt1 hyproxanthine phosphoribosyltransferase 1
KO knock out

Mgp matrix gla protein

MAPK mitogen-activated protein kinase

NEP neutral endopeptidase



Nppl nucleotide pyrophosphatase/phosphodiesterase 1

NPR natriuretic peptide receptor
PBS phosphate buffer saline

PCR polymerase chain reaction

PD pharmacodynamics

PK pharmacokinetics

RIA radioimmunoassay

RT reverse transcription

SD sprague dawley

SDR spontaneous dwarf rat

SOS spheno-occipital synchondrosis
STAT signal transduction and activator of transcription
TG transgenic

WT wild type



2 B

C G kU 7 AR JR~T7F K (c-type natriuretic peptide: CNP) (L. .EET R U w7 AF|JR~_T7F K (atrial
natriuretic peptide: ANP) M OV~ kU &7 AFfR~<7"FF | (brain natriuretic peptide: BNP) & (25 KU
VARPRNSTF RT7 7 IV —=D—D>TH 5, ANP LU BNP [&, ZHENLHEKLLEND EIZEES
NHXTF RTHY | D, B, L OMEIZIBNT, 7 Y U LFJRSRTF 2K (natriuretic peptide
receptor: NPR) -A IZF5ET 5 Z L2k o> THEHT %, —JF. CNP XN R R A8 PN B2 Al C AR
S, M, AGEIR. R OVE Z & RER M IC ISV T, BT R U T AFIRANTF R NPR-B (Z
fET %2 L&k > TRFTAMER T & LTEMT %, CNP %7213 NPR-B O knock out (KO) ~ 7 Z (T
Thb, BHEMEOREIC L BEERRY RRBEA L RT Z L5, CNPNPR-B D ¥ 7 /URENRN
HEMEEGICEETHDL Z R LNE SN TND

CNP KO ~ 7 A FWURE & K OE#HOMEREZ £ L, REBREGOZIUHED LB X DL RER
RIS 0 pRENICET DRNCET 5 2 Lvh, EKICEKIT 5 CNP READEE L 0T % Z &1
T&E72)oiz, —Ji T, CNPKO 7 > hME CNPKO « 7 R L RIFRIC NI E B L OREN E L <7 b
. BERORBMERT—FH, RERAGIFERONT, TOBERMDT v N EFRIKOFMTH o7,
B2, R CNP D 1 D Toh D CNP-53 % CNPKO 7 v M 4 BlMFHE L TG Lz Z2A REDOH
ERIFHR MR DT b,

#1FETIE, CNPKO 7 v FOHHFEFOELMNT L, AT v b2 L TZOR AL
72, CNPKO 7 v FOEHZEFIT, WT 7 v b &L TRRGEIE LS, REZBELORAENTD b,
ZRHOERIT, EEEEEZ 1L U & Ui B HERUR & RIE 0 B8 ORI 22 lRRIER T 5
B ORI RS IAALORZE L @+ 5 b D LB 2 B, BRERLVE VRIBIC L 5 BRRIER/ T
> FTIERR®O b o7z, CNPKO 7 v MR CNP T 5 CNP-53 % 4 HFFH R T b L7z &

25, HEFORKRT M OME & REFADOAHFRILRAGEO b, I OPREBR I7we L <

¥

ok

STENCEE LTz, AR AR5 CNP-53 35 L < (T CNP @RI X 216 H 1%, R RICA., BHE

B ORIZOWT b UET D AN R ST,



052 BROE 3 BT, WIREMEEICEs T D CNP OEBRRIIERIZ DU CAISEIS F ~0 AT & 10
AT HIOIC, i ONP FFiERE T A > L, TOAMEE FIEEFHE L, Fox D7 —7 1%, B
\Z ghrelin ® C K0 % CNP-22 ([Z@ AT 52 & T, L EWIHFZENEEZ 763 2 L 2HEL T
Do TIZT, HHLCHT U U LRRASTF FFFEAR, ASB20123 2R L, DA ZME & w3k 2 5F it
L7,

ASB20123 |35 72 NPR-B 7 == X MEMZ A L CNP-22 & it L T AUC OB b 27 ¥z R LTz,
F£72. ASB20123 (3~ U AE LIET v MIRER THRET 5 Z LI X > THEKFRZ2F R IeEE
Mamrl, 10 1 EORER TG Lcha Lk L TRIAELFIR TET 52 &L Tk, &
VIR 7R KB E 2R Lz, ONP IR IRIER S ST s Z &b, &EICFRIEY 27
AED ZEMBZ BV, FEBEICMO CNP FHEIKTH D BMN-111 OEFRRBRIC BT H A B AR Kl £
WESNTWVD, ThITx L, ASB20123 OFififk 513, 2RI EHMEMETZ7R LoD, KILED X
DI RIMPIRENARAET DA & =5y FElEE RS DI R EE5HIETH L Z EBRRES
iz,

UL EDOFEFR G | HiHl CNP FFE IR T 5 ASB20123 (X#RE M AE O B3 7 £, U BERERUK & B e
DEBFIZBWTHRELAWET D ARENEZ AT 5 Z N RENTz, £72, ASB20123 DR T 5 % 5
s 2 7 3 2% DT 551538 B RN E OIS A [51lE L DD, BRICKT 2 AMEZ K
IbT 2/ FETHDL Z LRI,

WIZ.ASB20123 OFMEFH T 1 7 7 A )V %3l L 7=, ASB20123 % 7~ ~Z0.5,1.5, &L T¥5.0 mg/kg/day

4 WMER TG LI L 2 A, @2 TE « EERIC O CBIZZ S, ZOMOIRE - Mk

B SN oo, FEEWEHOERICHDFTH & LT, Mk 2rBE TRBE L OIREIZRB W TR

|

73|

WONERBD B, ZIUTHESI L LT, AROMESERT VD) 7 AT 7 4 =80 EFERR

D HiTZ, BELLE LT, RIREEREOME, WOISHBERIMRAEIC W Tl « B #im OB,

N

EREOMAMEA, BPTYEDE - IE TR, KOO LN - BEERRD bz, Ziub D2k & iRk

DORE AN 5720, 12 7 Hlin T v b2 AW TRBROFERERZ F2M L2 & 25, RS L T



WAEITIZ BT IR D b oo 2 e b, 2 b ORMEZRIX. ASB20123 OIEBMERIC
PR RAIEEENIC L > THEEIND ZEDRENT, TRHOF - EFEEOFREIIT, KIEE D
PR K ORI BB OB O T & BAFRABN RO b ivTe, MERMRESE % ITRAR IR0
THE=F =D THDLZ &b, #HEEMETHTLRIFR~—I—IZRVE5LEZEZHND,
AWFIEIZ LT, CNP/NPR-B o 7 /L DIEMEAIL, #RE B RUE 2 (X U & U 7= U RUR & &
JEDBEIZ L > THNRIBERFETH D Z &R S Tz, FRTHAMED CNP 12 K > THERE DKL
K OVKRZBIL O DYCEN R R ST 2 & I13EE D QOL OBENOEERMA L EZ bID, B
Bl CNP §5E(KTH % ASB20123 & W B TR ARIMMED U 2 7 Z Bk LS8 BRI 3 % A3
TR T DR GIEORR L X OBRE ML BRES 5720 DF =4 — Tk R T2 2 N TET,
AHNOEMEEACITEBEH OIER EICHET 52 b, HIEHEZBEICRET 5 2 05, IpR3EL
LTHIIT 8L D EZEZBND, 5%, 2O X572 CNP/NPR-B v 7T /L OMFEN S HIZHERET S

T LT & o T, NBGERRURS RIAED BE T DIBFIENMHL SN D 2 & 28T 5,



Fr o

X C®IZ

CHlF R U 7 AF|JR~TF R (c-type natriuretic peptide: CNP) (L, .DyEMET R U 7 AF| R~ F K (atrial
natriuretic peptide: ANP) & OV kU &7 AFJR~X7F K (brain natriuretic peptide: BNP) & 32 KU
TAFPRANRTF RT7 7 IV —0O—>2Th D [1], ANP KU BNP IL, ZIEI0E L OWDLEN S EITEAE
SNDZRXTF RThHD, ZNHONTF NiL, L, Blig, XOMEICBNT, 7 ) U LFIR~TF
REZ2%51K  (natriuretic peptide receptor: NPR) -A IZfEAT 5 Z LIk > THEHT % [2]), —7. CNPIEE
(2 AR R I AE PN BRI CREAE S AL [3]. M, ARTEIR, M OVE & & e Ao Makic VT, Bllo Tk
U 0 LFRRTF RZERNPR-B IZHEST 5 Z L2 & » CTRPAAMEIN & L<ERT 5 [2], CNP 7=
I NPR-B @ knock out (KO) =7 AT EFNb, HHREOEEICL Y BHEERESROLHMZRL
[4-8]. CNP O#)i i SAERIFE B £ 72 1 TEBR M P IRE ORI AT+ 2 87 AV ==v 7 (transgenic:
TG) ~ VAL, BEEORBA AT [9-12]Z &5, CNP/NPR-B O > 7 F VAREN NI BB LI
HECTHDHZENHLNEEIN TS, B MIZBWTYH, NPR-B #/5 1O REHEEMEOHEIE A D2
BRI L > THIE M I LD ERENRFE LHERDNL DA 5T [13, 14], ~T n#EE D%
RERIZE > TH, BEEEOEELSIEETZ ENRESNTVD [15-19], BT, FTDOFFET
%, CNP BIEFIZH T 2T n A ORI R DR AR S b MW UK RA5I &SR T2
EDPRENTZ [20], E72. NPR-B & 21— R4 585 OREREMFAL DO ZRZE R & CNP DR BUE N O
FB, B MIBWTHAEZSIEE T2 ERRESNTND [21-26], b DFEF|L, CNP/NPR-B

TN E R RO T RICRBTANECE A ISR ICEE R ZE A H S TS Z AR LTS,

CNPKO 7 v OERL L Z DR
EEME N OV RFRF)CNP KO~ 7 A X NT L RERECEIVUILE ) SRERARICI VY AR T
THZ LMD [3,7]. BREKICEIT D CNP RIBOEE A 3T 5 2 LIXTERN-T2, 2T, ¥

YO T 4 H=RR I LT =B EHWES ) AREICE Y CNPKO 7 v FMERLE 72 [27], CNPKO &



> MZ CNP KO v 7 A & [AIRRICNECE M E L OBEREDNE L <H7Zbi, B ROXRBIM AR LT (Fig
1) CNPKO 7 v MIMFRFAIMNT S . BRMR, FHCARRECE M TE S < iR i
ORGP AERY (wild type: WT) 7> R EHIE L TIRTLTWD Z EBHLMNIZR 72, CNPKO 7 >~
R CARIEREITRRD 519 CNPKO ~ 7 2 DALFER)S 10 #lin T T0% AN AR T [719 2 O & 136 R
IZWT 7 v R ERBRODAEFRTH Tz, £z, Ml L7Z2TO T v MIERK 1 B EAEF L, 33
WE ORI IT DIRR EERZFML72L 25, CNP KO 7 v FOEKRITAEICELS, WT 7 b
DRI 2% T o7z, £72, 33D WT 7 v » TIERBEE ORERDHEE SN 7=DiZxf L, CNPKO 7
v FORRERIZMSH L TH Y .CNPKO 7 v MIBT DR D FHIPASH A R~ S 172, CNP X O'NPR-B
N, DI R, ROVEFRIRICB W TRBLL TS [1, 2] 235, FHERCS O~ BN &

SDHN, CNPKO 7 v MZEBWT, D7 & LA e 358D b iho 7=,

Fig 1. Gross appearance of CNP KO rats.

(A) and (B) Gross appearance of male WT rat and rat with a homozygous A1l mutation at two weeks (A) and 14

weeks (B) of age. Black scale bar in each picture denotes 10 mm.
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CNP-53 #5102 K 2 BB & BRI PHE O Y1)

KRB CNP 1X, 22 HDT 2 /BB 572D CNP-22 & CNP-22 O N RN 31 ED T 2/ BREEE N D 72
DEHNTTF RH3HES L7 CNP-53 O 2 FENFEL, W& bR—O 126 @07 I/ BTHERIND
AR NS Tt oo 7 a5 TAERT S [28], CNP-53 | CNP-22 & fhilig L C, HRX L OSKRHLER C
BETH Y [29], HET > RTF #—F (neutral endopeptidase: NEP) (2% L T Z2 A9 5 [30],
= 2T, ARETCIE 4 RO CNPKO K OFEIIEFD WT 7 » b2 CNP-53 % 0.15 1% 0.5 mg/kg/day T 4
MR TS L, CNP-53 #542X D, CNP KO 7 v NEOYWT 7 v b OREITHBKFHICH
BEICE L=, CNP KO 7 v MZEBWT0.15 mgkg/day HGHEDOKRE L. TOXIRREE L CTHEIC
HEL, WT 7 v hOREEECIZZFRBEOMEIRTH 572, 0.5 mg/kg/day 5RO KRR TG54 TR
JSCWT 7 v hOXREEEZIERSDORETH 7= (Fig. 2), CNPKO 7 v hOXIREETIL, &5KT
KT o 8 Ml DRFRIZIWT, &E OEN I & O O EROAEHNRD b/, —J . CNP-53
BGRE CIERER O RHFASITERO 51T T OEFITAHTH L b DD, CNP-53 512X 5k

PASHOEIEIE, MRUIMZER T2 HICEB W THRRAROBFEICHFEL O DB BN,

-11-
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Fig 2. Changes in body length and body weight of female WT and CNP-KO rats that received vehicle or
CNP-53 for 28 days.
Changes in naso-anal body length (A body length) in CNP-KO rats (A) and WT rats (B), and changes in body
weight (A body weight) in CNP-KO rats (C) and WT rats (D). Each value shown is the mean + SE. Open circles,
vehicle (n =5 and 7 in CNP-KO and WT rats, respectively); closed triangles, CNP-53 0.15 mg/kg/day (n =4 in
the both genotypes); closed squares, CNP-53 0.5 mg/kg/day (n = 6 in the both genotypes). *, p < 0.05 vs.

vehicle-treated group, **, p < 0.01 vs. vehicle-treated group based on Dunnett's multiple comparison test.
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AHFZED HHY & NEE
CNP/NPR-B ¥ 7 F Vit h OWNEEMEEGICIEEICEHERKE ZH - TH Y . CNP O OFFEK
. B EIEAUE A 1L U & 2 RREAMERR S RIEDIEHR T 7'n—F & L Tl b#IfF S LT\ 5 ik
D1DOTHD [31], ZAETOMIENSH, CNPKO 7 v MECNPKO v 7 A & [RIFRIZ NHRE P b OB
RAEL{HEZDLTEY, BEEORBWARTZERPLNnER>TD, £72, CNPKO 7 v b
At 1 FUEAEGFT L2 2 b RMMOBEER N FEMTEETH Y . CNP-53 KHIZL - T, £DOK
RIIMERENICERICMET 2 2 LR aivie, WEFERES RIEOEF L, BIFETHLZ LI
Mz, KGFEFLOPZE L FEE ORI Z F e LTHT 5, 2B 1 ETIL, CNPKO 7 v hOFHEHF O
FRERFEZ B O e+ 5 L & bIT, SMAPEICHITE S 77z CNP-53 (IZ K D EHE B TR~ DR B L ME L

7o

Fe 4 1T LARITOMIZE T, ghrelin @ C REGHEE3 D3PI AE 7 10 7 7 A /b R OB ARV U g B2
IRRREN R R 2 L AR LT [32], A, ghrelin @ C RERE4Y 2 CNP 245 2 & TR L ik
LT, LmunilfreE@ttze b726 L, WIREMEE ORI & L ToAEMEE b eET 2 2 & 23S
Ei7z [33,34], FB2 EEROEE 3 ETIX IO OMFLA FICER S U788l CNP #58 KIS\ T, 20
FEHEM & LT L7z, TOF CTHEAOER LT a—F om0 E =41 » 7iE4RB8T5 2
T CALT U D ARIRARTF REFER O U EM U & RIAEIZ T 1R B L LT, fIEE~D

ATHENE A IR LT,

-18-



W1E CNPKO 7 v MIBITHHEEE OFEMAIT KO CNP-53 B 512K 52 D%EDR

1. &S

HRE B RO L AR SN 5 TR RUR S BIE O BE X, R ETH D Z Loz, KEEAL
DR KR OHEE DR EREE L TAHT 5, BERGS., EWHO LSO BaIc XY 81
ERO AR, SRR, R, GEEERCH DT, TR 7 v— X A HR AR 78 7
SNDHS, AEMRIERRIT R < HRIER E 2 LTSS BIEFH 21T 5 [31] #CE BT RUE O i
KR Td %D FGFR3 % M X W 7B M HIEE 7 /L (activated fibroblast growth factor 3
achondroplasia-phenotype: Fgfr3*") <~ 7 2 [35]% TN CNP KO ~ 7 A [36]0> 3 BiAL T#kH M Bl
BELFLLTEY, HEFOEELORBZIEALORENRE SN TWVD 370D, KIZFHFL
DIRFZZHONT, BHRIZ X 2 8EREIT RV, £ 2T, AETIZCNP KO 7 v F DEHEE O
TR RGT Lz, [RIRRC, AR/ (growth hormone: GH) KIBIZ L 5 HARFIERE/ T » b

(spontaneous dwarf rats: SDR) & kbt L7 [38], BT, CNP-53 % 5 ¥ CNPKO 7 v MZ 414
MFRpE TG L, REBEHFLRAE & PEEARZRIC KT 2 8BS R 2 Mt L. T OUGEER R & B

25 DO METL BEERE A B 35L  (spheno-occipital synchondrosis: SOS) ¢ B 2 fet L 7=,

-14-



52 8. ERME RO E
B1HE HBRWE

E b CNP-53 (GLSKGCFGLKLDRIGSGLCKKNAGKYRANPHEQLLLRA WAARSKTDVRLD) I3,
TR KIBFE 2 AWl L, @ik u~ ~ 777 0 — TR L, <7F ROtk
X7 2 BT RO L7 b a AT L— A A AR BT KD AR L 7o, CNP-53 O 1%
95%LL ECTH o7,

BEARTE 10 wv% kB BE I O 1 wiv%e X2 UL 7 b 20— LERN 0.03 M BERSFE R % 1 mol/L 7Kk
b7 R U D LAEHET pHA ISR L TV (BUF, )
2. B

AR, FESRFERIMEE S, KASHA ) = 2 A - RA0FERBMEES, KD
TAEH T 7 = HRASLOERBMHIEB R ORKREZ T T, K FERIEBEOBMERI A K71
ICHESWTHEM L7z,

CNPKO 7> MIY I 74 v =X L7 —EEAWIT 7 MEEICZVER I8 Avic
[27], 4~5 BEOMEMED CNPKO 7 v N X ONEIIEFO WT 7 v MMIFESRZEN S, 7 O MM Sprague
Dawley (SD) 527 »v s O*SD 27 » FHIRT GH RIRIZ X 5 HREIERE/NT v F T2 SDRIZHA
SLC RSN O AFAH L IFHA L2, CNPKO 7 v FEXOYWT 7 v ME, SHRl&ttA Y = 2N
AFH—EA MEBMI7ART FU—IZBWT, SDXRT v b EKOSDR T A A7 7 —~ &I
BT, IR 23C FFAHEA : 21~25°C) . WL 50% (FFAHLEH : 30~70%) . KOt 12 RERHEERET (7 : 00
~19 : 00 RAT) ICRE LB BT = CTHE L7, SEHIEEZARKIE S vz @R L (CRF-1, 4V
T A NBERF TS & BUKIZE B RIEE IS LV KEKRZ TAZ R A RICERSE, CNP
KOZ >y bV = ZAETIX BABIE T THD Nppe & HEsE L7, UK L7-iE X U | Easy DNA Kit
(Thermo Fisher Scientific) % T4/ A4ififi L. Polymerase Chain Reaction (PCR) |2 & V) ¥iigEt:, ~
NTFFx 7Y —ERUkENE (QlAxcel, QIAGEN) (2L > THER LTz, 774 ~—REHIE forward & L

T 5-CACAGCAGTAGGACCCGTG-3', reverse & L T 5-GGGGAACGAACCCTAGAAGT-3'% fvy, 73

-15-



I% Tks Gflex DNA Polymerase (& 1 7 /34 ARk tt) 2 HW e,

EEOMEMEWT v ~ (5f) KOYCNPKO T v ~ (4 #) | 33 BEEsOMENE CNP

z
=
i
£l
¢
O
=

WT 7>k B#H) LOKO 7~k 3#) . W Wi OMENE SD 27 ~ b (5 41) X OYSDR (5
) \ZOWTEAZE T OEREZ T LT, SHEE OREDOWIE L OWAT FIEIELE 4 HIZFR#E L7, [A
FRICAE N OMEREARIE L=, RERIEIZA Y 70T AT/ 22 AWVTHRIE L, 84

MBILETHORE & LT,

2. CNP-53 & 5.0 L pEHEH B REDO L ER R
5 EEOMEYE WT 7 v b (54]) KOYCNP KO 7 v b (4 #) 12K %, CNP KO 7 v b (54 (2

CNP-53 D#9 0.5 mg/kg/day % i23%/E I =7K 7 (ALZET osmotic pump 2004, Durect Corporation) % i\

4 EMRHGER TS L 2 A, CNPKO 7 v hOBHEIIAREICME L, #54& TREORERILFE
O WT 7y FERIETholzZ &b, ARBRTH RO FIETHEGREMAM LT, DF0, WT 7
> FJLOYCNP KO 7 v kD 5~7 JBEIZ 51T 2 PR EICHE SO TR EIRA TR L, BEER S 75 K
TR L, oA 2 WIS, 7~8 WEC I 2 PR EICIE SO Tl L 72 e R DR BIER v 7

(ZAHR L7, e G HIRM TR ICERELORR ZHE L, SHEE OTRER L CHEIEO SOS 2852 L7,

%4, HHEFFOERENE

Z v FEHZEE L. Latheta LCT-200 (computed tomography: CT; HS.7 & 1 AT ¢ B RS HE)
ZHWTHRE L=, CT OfRESIEIL., &EIE 50kVp, BER 0.5 mA, FEIFRE] 3.6 ms. iR e
96 mm, AN /YA X 96 um THEME L7z, CT EHRD 3D MiffDFAER & T OTERENIE X,

E{gR 7 7 7 Z 2 (Imagel, http:// rsbweb.nih.gov/ij/download.html) % HWTIT-7z, SHZEHE O

-16-



=3
(=

i & L C. skull width, skull length, nose length, nasal bone length, inter-orbital distance, upper jaw length,

lower jaw length, A2 UF foramen magnum size % | & L 7= [36, 39].

% 5 IH. Reverse Transcription (RT) - PCR

4 D> WT Z > T CNP KO 7 v F OEHEIZIS 1T % matrix gla protein (Mgp) . progressive
ankyloses protein (Ank) . A U nucleotide pyrophosphatase/phosphodiesterase 1 (Nppl) (Z-D>W\WTVU 7L
% A I RT-PCR IZ X 0 BIR BN 23 L7, ™7 A% —E 7 #E{s1 & LT hyproxanthine
phosphoribosyltransferase 1 (Hprtl) ZHv>, WT 7 v MIXT 2FE%HEIZ L > T, CNP KO 7 > k
DISELA E 2 5 L7z, 7~ b OREMED> & RNeasy Lipid Tissue Mini Kit (Qiagen) % f\ T Total RNA
ZAlitH L. ReverTra Ace (HRPEFIFRAZAL) & MWW CIFHEEUE L, cDNA Z Gk L7Z, PCR 1
EERR & LT StepOnePlus Real-time PCR System (Thermo Fisher Scientific) %, MGaddEE LT
THUNDERBIRD SYBR qPCR MIX CRyESbRAE) 2 vy, Mgp. Ank. Nppl., MO Hprtl (Z5F
$M:72 77 A ~— (Thermo Fisher Scientific) % FHVNT%HE L7,

7'F A <—DFF| % Table 1 12~ L7=,

Table 1. Sequences of the PCR primer

Gene Forward primer sequence Reverse primer sequence Amplicon
Mgp 5'-CTTCACCACCCGGAGAAT-3' 5'-CTGCCTGAAGTAGCGGTTGT-3' 196-bp
Ank 5'-CATCACCAACATAGCCATCG-3' 5'-AAGGCAGCGAGATACAGGAA-3' 351-bp
Nppl 5-GTCAGTATGCGTGCTAAC-3' 5"-TGGCACACTGAACTGTAG-3' 309-bp
Hprtl | 5.CTCATGGACTGATTATGGACAGGAC-3' 5-GCAGGTCAGCAAAGAACTTATAGCC-3' | 123-bp

-17-



%6 TH., FHEIEICRIT D SOS DBz

HE L N9 RO WT 7~ R TOYCNPKO 7 v b, I TONZ CNP-53 @ 0.5 mg/kg/day % 4 i [EFF
fep TH5-L7= 9 iline> CNP KO 7 » b DEHZEHIZOW T, BHEIRICER T S SOS OFFHifli & Skt L
7o, HAEE LTI O REZRE L, 10% P HREE AL~ U SR CEE LTz, 0%k, 95%T 4
J VBT TCHEEL, TAYT VT A—ROT UV Y Ly RTYE LT, Yotk #OHHR

% 2% KOH R CUafig L, SERBAMEE I CHIZE LTz,

557 . WaHEROSRAT
oI T —2 2 b LI PHIEL OEEREAZFEH L, £TO7 =X FHOHEIL Student
DREEHWTHEEREEIT 70, TOE p ED 0.05 RGO A IZHEHFRICHEREN H

D ECHWr LTz,
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o5 3 H. R R
% 1IH. CNPKO 7 v F &N SDRIZHIT DK K OMAH
HEED WT 7 EEKTYCNPKO 7 v b IEONZ SD &R T » kKT SDR O E K O 4 Fhifg L
72o SDR I GH KHRIZ XL 5 BRFIEE/NT v FTH V| el E L THWz, CNPKO 7 > |k,
SDRFIFLICEN TN OEAER T o | & i LT BT/ N eI 2R L7z, CNPKO 7 v M
WT 7 v b &l U C RE T 77.3%. (KK T 68.6%.SDR L SD 27 v k & ik L C {KHE T 31.6%.

KT 68.9%dH->7- (Fig. 3).

A BWT/SD rats BWT/SD rats
250 1 0OCNP-KO/SDRs 250 1 0O CNP-KO/SDRs
200 - 200 4

£ 150 - = 150 -

o

2 g

& 100 1 > 100 -

Q =]

@ @

50 - 50 -
0 0
WT/CNP-KO SD rats/SDRs WT/CNP-KO SD rats/SDRs

Fig 3. Weights and lengths of WT, CNP-KO, SD rats and SDRs
(A) Body weights and (B) lengths of female WT, CNP-KO, SD rats, and SDRs at 9 weeks of age. Body weights
and lengths of WT and CNP-KO rats at 9 weeks of age (N=3 each), and of SD rats and SDRs at 9 weeks of age

(N=5 each). Data are expressed as the means = SD. **  p<0.01 vs. WT or SD rats using Student’s t-test.

F2IE. CNPKO 7 v F & TUNSDR IZBIT AEHZET DOIEHE
WS M O 33 RO WT 7 >~ B R TOYCNP KO 7 v b, WONZ 9 il SD 527 v~ k&Y SDR ™D

IS OWTHAER L7 3D CT Hif% % Fv T skull width, skull length, nose length, nasal bone

ol

-19-



length, inter-orbital distance. upper jaw length, % O" lower jaw length O [EL#REREfEZ FHHI U Fei L 7= (Fig.
4), CNP KO 7 v k@ skull length, nose length, nasal bone length, A2 TN upper jaw length | WT 7
hEHIE L THEIIMECTH 572, —FH. CNPKO 7 v k@ skull width, inter-orbital distance, & ¥
lower jaw length |Z WT 7 v b SIFIEXFEIZEOETH U . CNP KO 7 v b OFEEF XTI 10 O FHHRES
MDHAEIRREZ R LTz, £72, ZOREHRIL 9 @l & 33 @l CIm L Tz, xtIRIIZ SDR @

SHEF I ETOFHEMLICB W T SDR T v b LR L THEICIKETH 7= (Fig. 5).

Nasal bone

Nose length length Upper jaw length

Lower jaw length

CNP-KO rat

Fig 4. Analyses of craniofacial morphology in WT, CNP-KO, SD rats, and SDRs

(A) Linear measurements for analysis of skull morphology. (B) 3D-reconstructed images of WT, CNP-KO, SD

rats, and SDRs at 9 weeks of age.
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Fig 5. Measurments of craniofacial morphology in WT, CNP-KO, SD rats, and SDRs

Linear measurements of craniofacial morphology of WT and CNP-KO rats at 9 and 33 weeks of age (N=3 each),

and of SD rats and SDRs at 9 weeks of age (N=5 each). Data are expressed as the means + SD. *, p<0.05, **, p

<0.01 vs. WT or SD rats using Student’s

t-test.
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B 3T, CNPKO 7 v h RN SDRIZE T 5 KEBFHLOKE &

9 Wi K OF 33 Wi D WT 7 B XTNCNP KO 7 v b, i ONZ 9 > SD %7 » k& T SDR D K%
FAFLIC DU TR L 72 3D CT it & vV Crinfg 2 5H L kb L7z (Fig. 6A), CNP KO 7 v F DK%
FHALORE S, 9 Wiln, 33l & HICWT 7 M EH L CHEILKRMETH 72, £z, WT T v b,
CNPKO 7 v & HIZ 9 N5 33 Wi TREBFLOKE SITFFRETH o7, HAIZ, SDRT
v h& SDR 1L, RELOEEICHMEREZDNHDICHL2b LT, REHELAOKRE SIZFR%ETH Y

HERETRD BN ho7= (Fig 6B),
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(mm?2) (mm?2)
30 - BWT 30 S W SD rat
OCNP-KO OSDR
25 - 25 -
Aok

20 4 EES 20 4

15 4 15 -

10 - 10 -

5 - 5

0 - 0 - _

9-week 33-week 9-week

Fig 6. Foramen magnum size in WT, CNP-KO, SD, and SDR rats

(A) 3D-reconstructed images of the foramen magnum in WT and CNP-KO rats at 9 weeks of age, and in SD rats
and SDRs at 9 weeks of age. (B) Foramen magnum size in WT and CNP-KO rats at 9 and 33 weeks of age (N=3
each), and in SD rats and SDRs at 9 weeks of age (N=5 each). Data are expressed as the means + SD. *, p < 0.05,

** p<0.01 vs. WT or SD rats using Student’s t-test.
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[=7E

#4TH., CNPKO 7 v b CTii® biLlz B OIRTE R KA FLIRAZ k95 CNP-53 D 5248
5l CNPKO 7 > M Z CNP-53 %##9 0.5 mg/kg/day O & T 4 BRI L T 5 Lz, #5K&TH
? CNPKO 7 v b OEREK OMRE IR S L CERICHEHETHY . ARETH DL LDODO WT 7 v
ks DOXFFREE L IZIZRIZEDOE TH - 7= (Fig 4), CNP KO 7 v N OUEZEE THERMEEN S - KAR 57
B D& X (skull length, nose length, nasal bone length, & (X upper jaw length) (%, CNP-53 512X~ T
AEICHME L, —J7, @RFmORE S (skull width, inter-orbital distance, & TN lower jaw length) |%

CNP-53 #5112 L A 133880 72 o 7= (Fig. 7TAand B) , £ 72, KEBEIHALDO K& 1220 TH CNP-53

BHEIC L > THEIZEERRD bz (Fig. 7C),
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WT CNP-KO CNP-KO WT CNP-KO CNP-KO
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B 2. |awT
OCNP-KO
% B CNP-KO+CNP-53
*® Ed
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Skull width Skull length Mose length Masal bone Inter-orbital Upper jaw  Lower jaw
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C "
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WT CNP-KO CNP-KO
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Fig 7. Effects of CNP-53 on body weight, length, craniofacial morphology, and foramen magnum size in
CNP-KO rats.

(A) Body weight and length, (B) relative lengths of craniofacial morphology to WT rats, (C) relative size of
foramen magnum to WT rats. WT, WT rats which received vehicle; CNP-KO, CNP-KO rats which received
vehicle; CNP-KO + CNP, CNP-KO rats which received CNP-53 (ca. 0.5 mg/kg/day). Data are expressed as the

means £ SD of 4-5 rats. *, p <0.05, **, p <0.01 vs. WT or CNP-KO rats using Student’s t-test.
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55 S IH. BHEIKICEIT D SOS Hhhr o#lLE

INETORFHZIELY | CNPKO 7 v MZIBWTHIEERE ORI AR RZIAALIRAE D F8D H 4L, CNP-53
DEEITENO DRFEZFEICHET 2 2 LR ENT, £ 2T, HEEILBIT HEEHLTHSD SOS
IZDOWT 4 HflED WT 7 > FXTO'CNPKO 7 v b, i ONZ 9 #l#is> WT 7~ F CNPKO 7 v b, KT
CNP-53 Z#5- L7 CNPKO 7 v MI DWW TEH L7z, 4 Bl DR T WT 7 > b, CNPKO 7 v MEC
HIREIC SOS Z g8 CE 72 b DD, CNP-53 05 4 % TH 5 9 M TIiX, WT 7 » b K& CNP-53

Z¥H L7 CNPKO 7 v h TD A SOS D3R S 4L, fEALE D CNPKO 7k CTIEPAgH L T 7 (Fig. 8),
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4-week (before-administration)

WT CNP-KO

9-week (after-administration)

WT CNP-KO CNP-KO+CNP-53

Fig 8. Appearance of the synchondrosis at the cranial base after staining with alcian blue and alizarin red.

Arrow indicates the SOS.
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% 6H. CNPKO 7 v b LEHZH#HES R AIE & oo B
CNPKO 7 v k Ti® b iz FEE O A& O SOS OFMIPASHIL, BHEF#E R AEDET v
VI ATHD Mgp R~ T ZZBNWTHHREINTWD [40], Mgp KB~ 7 2L ORI A,
SHEOA AL K OEHEE O RHE GO 5D Z &6, 9D WT 7 v F T CNPKO 7 v F
O CT mfz MW T, BFROAKI, W T L Z S K ORERES O & 2 R L7225, CNP KO
Z v MIERO LT, WT 7 v M EDEFTRD LN -7z (Fig9), BICEHZEEHEA R AIEDR
Kigfa+ & L THE SN TWD Mgp. Ank, J2OYNppl IZ2oW T, 4D CNPKO 7 v + DIEHEIZ BT
% mRNA OFEBLEZHIE L7z [40], CNPKO 7 v MZHITDH Mgp i WT 7 v b & il L TH EICIRE
T o7z, Ank KT Nppl iZ2oW T HIKEME TH o723, AEEITRD e -7= (Fig 10),
Lambdoidal Coronal

Whole-mount head Lateral cephalic

Fig 9. Craniosynostosis and nasal septum in WT and CNP-KO rats

3D CT images of whole-mount skull, lateral cephalic and magnification of lambdoidal and coronal.
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Fig 10. Comparison of gene expression of Mgp, Ank and Nppl between WT and CNP-KO rats.
RT-PCR of the mineralization inhibitor regulating genes, Mgp, Ank and Nppl in lumber vertebra of 4-week-old
female WT and CNP-KO rats. Data are expressed as the means £ SD of 4 rats.  **, p <0.01 vs. WT or CNP-KO

rats using Student’s t-test.
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At B

B

AKETIL, CNP KOT v N DIHZEHE ORISR E I 503 5 L3k, ARMEICHIE ST

CNP-53\Z X D 8H#HF OE~D B A fat LT Rz OV TR,

JE & 033 s OHEPEWT Z » R L O'CNP KOZ v & HWT, £ OUHZE T OB K% TA
LORE ZAFHALR L7, CNP KOT v bk OFHZEE 1T & U333l & HICWTZ v k& Hig
L CHRRIFINC A < | BEZENE & FHEE DA T 2 KB OMAENRD Hiviz, Mz T, WT
7w hETABRIC, CNP KOZ v F ORBIFFLOKE SIX9M i & 33l TIRIFE MR 72, T b

DRBEFILDOIEHITIE i £ TITIZFE T L TWD LB 2 bl

INETIZHE A DI N—1X, CNP KO7 v MIWTZ v h &k LT/ TH Y | BEE O
REEMDOIEFERRO BN D Z & [27]. 2 HOFRHIZ, CNP KO~ 7 A K OFgfr3dh~ o7 22551
HETRLE B L TWAZ L HWME LT [4, 41], CNP KOT v F DEHER OIEREFAEF IOV T,
CNP KO~ 7 A K NFgfr3*h~ o 20#E & —FH L TRV [36,39], #E MBI AUED EE THIEZ SN D R
ME HEEL TV [37, 2B ORERIT, NERMDCNP/NPR-B Y 7 F /L A3 i e VK& EAFLOTE
FRICBIG LTS Z L 2R LT D, BIBRIZEV Z & 12, GHRIEIC K - TR ESE 2779 SDRTIX
ZDIEFXREY T HSDFR T v b & g L CHEZEF O K E SIE2TOFHRINLIZ BV TEAE T
HoTITHEDL LT, RRIALOKRE SITHEEITHEO bR o7, GHRBEZIZBW TS,
R SR RO O B TR B AL D B ORTE S KL EAFLRZE T HRE SN TR 6T [42]. 21
LOREITEZ v Pl FTHELTWD EEZ TS,

WIT, SNRMEICAHEFE S 472 CNP-53 23 CNP KO 7 v R OEHEFEFEEKR O KRZHELDO K E SITRIE

WAZ PR 7-, CNP-53 @ 0.5 mg/kg/day % 5 o> CNP KO 7 » NI 4 WG T#5 L7
fER, BEEEORIRTmOME & REFILOILRKBARICRD biv, REF L RKRICHEEE O
REIZ DWW T HFERAT L < IFTH IR E Rl b v, Fofr3sh < o 2238 52 HEAH &

RIS R B IILOBRZE I LT, I CNPIREZ ER-SEL T AV ==y
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~ 7 A (SAP-Nppc-Tg ¥ 7 R) & OREUZ L > TH B ALz Fgfr3*/SAP-Nppe-Tg ~ 7 A 23T,
e R AR T 1) OARTE RS R G BHAL O BRZAE DA IS LI Z E 3 S TR D [39]. CNP 23
$R S RSOE R 00 BRI DA Rl M N RARBHFL D FRAZIT & > TOTERIE L 720 5 5 2 & 13 HIFG
END, WE I AT B O TR ORI K S OSKI% 58 FL O BRAE DR A IS 1 X HCE Ml ds 1)
% FGFR3 & & ® Rt T& % mitogen-activated protein kinase (MAPK) 27 /L5 L TW5 & &
Z B, FGFR3 (% MAPK < signal transduction and activator of transcription (STAT) %% /L TH
EMEE(LOEELRAOFHHIN 7 & L Tl< 2 & T, FFMIEOMECHEsH 238 L. SOS ©ff
FHICHBIE-32 Z EAWME STV D [35, 43], CNP/NPR-B 7 /L%, Raf-1 #47 L T MAPK
VI FNaEEMETDH LT FGF3 OV 7 F A 2B ELEEZLND [44],
Fofr3*"/SAP-Nppc-Tg = 7 ARCHINLN o 7 VIR O R 25 E 2 %5 &, CNPKO 7 v & v
AEIORFHRESRIL, Fgfr3dh ~ o 2 TH LI ND EHEE LTV D,

—J77C CNP D#BERTH D BMN-111 XA 7 V) V0 % Fgfr3dh < o7 2|28 5 U2 <k, K#Ed
LOPRAT KT DUCERRITAF HI TR [45, 46], 2D Ol & ARFRERD Al & DOHE D JRIA
WX B TIEZR VA, Fgfr3d <7 20 SOS 1347 10 H THEH L TV D Z LGS TE Y [35],
ZORBPASHA BMN-111 KA 7 U 2> OIRBEIRDPIFLNRVE O —2 L LTEZ LN D, Kb
ZECIL. CNP-53 £ 5-BHiniEE O 1 EERTTH 5 4 W ORFAIZIBWNTH CNP KO 7 hd SOS (341
LZENTEY, CNP-53 BEIZ L » TREBEHAOKAENUE L - HEZLTWVWD, B FOSOS T, X
FRA TR T X, W AR T DRI 11~25 M TH D Z L RMEEN TV D [47~49], —h
50 Z LG CNP-53 % SOS PAHAT N 52 BT 2 Z LI &k - T, i BIAUERE 2BV TH,
TR OIRTE RS OORBREHALOREN L HETE 5 b0 LHIFFE LD,

AFERIE, 9 BERORFAUZIBVT WT 7 R SOS MMl T 72 N EALE D CNPKO 7 » kT
P L TH D, CNP-53 B GIZ X - T, PSRRI ZE S E 2 Z LN TE 7o, FRROBRITREE
RHEFOREBDOHRER THMER SN TRV, AR OEEIZAERBFZERE T 50V

THLHEHAEEZTWD [50],
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SOSD FLHAPASH L P B OKIE AL, CNPKOT v b & [AERICMopZz K L 7o~ 7 AW T H EA
STV D [40], Mopld B 2RI DA PRAGIZ R L7285 CTH VD [40], BLEMEE ORIEE], HE5H
W, ROWER IR RECE I B W TRILL T b it ST A28 [51]. CNP/NPR-BY 7Lk
D BLRMEITIE TIE vy, ABRTCNP KO7 v N DIEHEIZ IS 1T 2 Mgp. Ank, X TUNppldDFEEL, I
[CHAEE O E KR PROAIKIZOWTWTZ v b EHEG L7Z#ER, CNP KOZ v MZEB T 2Mgpd
FEBUIWT 7 » b &l U THEICE LS . Ank&Z ONNppLIZ DWW T G IRMEE M 23388 547z, CNP KO
v TS O RIS KOS TROAKIGITRD bhkno7Z Lins CNPKOT v hTRO D
7=Mgp. Ank, K& ONppl DERFE BT E OILEL LT L2 R A2 M L= D TH Y . CNP/NPR-B

VTV K AEEOEEII N EE X TWS,

-32-



555 Hi. /R

CNPKO 7 v MIMEHRITI A, TEE DR ME CORBZIALOEAEZ LB R L LTHLTEY  CNP
KO v 7 A KON Fgfr3h = 7 2128 1F R L — B L T iz, [FEROFHEIE SDR TIZ@B® s, #KE
HEIEREDBE CRO LN LIER LB T LD EE X HND, CNPKO 7 v M OFEHE DRI KL Y
REFAALOBAET CNP-53 #5925 2 & TlE Lo, SRIORERIE, SEMED CNP I & - THZHEF O
WREALE LD TOWETHY . CNPNPR-B ¥ 7L 2RI LIZiRRIC L > T, BRBEORARD

P HEBEHOREICOWTHSET D AREMEEZ R T I LR TE,
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®oE P CHEIF FNY T AFIRRTTF RFHER : ASB20123 O IKHE(EH

1 8. F&=

CHIF b U w7 LFJRLTFF K (c-type natriuretic peptide: CNP) M NZDZRIKTH ST F U 7 LF R
RTF FZZR (natriuretic peptide receptor: NPR) -B O3 7 /R ix, WEEEBALICIER ICHEE
BEI > TB Y [52,53], CNP # L <132 OFEMEKL, WUE BIEAUE 22 £ o MRS RAE O &
FICL o TR SNDIBRET 7o —FO—>Th 5 [31], MLTIZIIT 2D CNP O FERNENMED S
FHE CNP-22 Tdh 5 28 ARMEICH TS S A7z CNP-22 [Tk > K27 F %' — (neutral endopeptidase:
NEP) (X > THRE# SHESLCICREER RN OHET D70, +ohftEz Ry 2 BTS2 [54,
55l £72. CNP 3o TCOF MU U LRRRTF F7 7 I U —i&, HEERICBWTHIRIEMN LT
RIMEZFHERET D LARESNTEBY [56]. mHED CNP-22 ##5 L6, 250 ER
PIERMEDRTEZGIEEH T ZENBZOND [57]. ZHAHOHEIL, CNP OpF 3R RGEARIS H
DHEEL S &R LTV D,

Fx LT ETIT, ghrelind®CAY A3 ghrelind 34 BIHE  (pharmacokinetics: PK) 71 7 7 A /L K UK
FARNVE L OBINICEERER 2RI 2 R L [32), Z OHIRIZmotilin°CNP 7 & Do~
7T RIZHEAAEETH Y . CNPIZghrelinOCARIG AT 5 Z LIZ k- T, R TH HCNP-22 & [t
L TEY BV REEE b7 L, ABEEOM EH78D iz [33,34],

ARETIL, HHL CNP 8 TH D ASB20123 % IV T, CNP/NPR-B > 7 F /L % Fi il L 72 |25 38,5 BR %

RN ST L72DITE, ~TF PRSI & MEMEDOREMNEETHD Z L 2R Lz,
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2. FEBRAME L O
51 IH. HEBRME

y

afle MLEMET R U T AFIRARTF R (o-type human atrial natriuretic peptide: 0-hANP) . CNP-22
SO CNP #HERIT KRG 2 W o s R 2 Bl 2 TGS L7z, & B ghrelin (%, BE# [58]
ZREV, FERA L TIE LT, Fox 1Z D AUE TITEEEL D CNP/ghrelin 3 2 57 F RAHlig L,
in vitro T NPR-B Z &/AIEM:, W ONZ in vivo T PK/pharmacodynamics (PK/PD) 7’1 7 7 A
LR L7z [34], & DFERICHES & Bl CNP/ghrelin & A 7 X7 F R ToH 5 ASB20123 % %7
L7-. ASB20123 i%. CNP-22 (T ghrelin (12-28)D7 2 /g% 1 DEM LI-XTF FEHEE L
CNP/ghrelin % A 5 _7F KT 5, ASB20123 D4y FHIE 4183.9 TH Y, Tk CNP-22 D4y
T8 (2197.6) DI 2 fFI2FA24d 5, CNP-22, b | ghrelin, ASB20123 7 2/ E&AdS % Fig. 11
R T, T F ROEERBIZT L7 ha AT L— A FALE BT R OT X B ATIC X
DHERR LTz, AT TR L9 R COLTF Mid@Ediiiks a~ b7 7 o —JECTRER L,

FEIL 95%LL ETH -7,
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ASB20123:
CNP-22+ghrelin(12-28,E17D)

Fig 11. The amino acid sequences and structures of CNP-22, human ghrelin, and ASB20123.
CNP-22 is a 22-amino acid (AA) natriuretic peptide. ASB20123 is a 39-AA-designed chimeric natriuretic peptide
composed of CNP-22 and the 17-AA C-terminal fragment of human ghrelin (12-28). It has a single amino acid

exchange as CNP-22 ghrelin (12-28, E17D).

2 IE. B

AL, [T 2REF 7 7 —~vHRASH BMERTA RT A ) [TV, 7TAEF 7 7 —~ KA
*eo BB M ELZE B2 O7KR & T CHEME LT,

Sprague Dawley (SD) 7 v A NICR v U AT AARF ¥ — /L A U N—RASHNBHEA LTz, 80

BBERFEH 1E H2HE B2 HERRICHEM L,

% 3 IH. In vitro 5 BRTEME AR

E RNPRD T 2= FMEMIZhNPR-A £7- X hNPR-B 2 R ERH I /-F v 4 =— AL A X —JH

(chinese hamster ovary: CHO) Mgz AW <CH A2 Vw7 77 v >—1U U (cyclic guanosine
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monophosphate: ¢cGMP) % HlE L7z [33, 59], SHBRME /TR MEMBRE L TY VAN y 77—

(phosphate buffer saline: PBS) A AAIZiN L, 15 73 A > F 2X— h U7z, MMRAZEEME L, TkROBE
EEFEE N EYE (Enzyme-Linked Immuno Sorbent assay: ELISA) & kT % CatchPoint cGMP % 7
v A *% > & (Molecular Devices Corporation) % X FlexStation (Molecular Devices Corporation) % H VT
A D cGMP JREZRIE Lz, BERVE Y SUWMEEME %25 (Growth Hormone Sequetagogue
receptor: GHS-R) la ®7 T =X NEMIXT v Ml GSH-Rla # ZEFT S 7= CHO Mz Hv, Mgk
Ca?" B FE ([Ca®"]) D2 (k% . FRIPR Calcium 3 Assay kit (Molecular Devices Corporation) & U" FlexStationTM

ZHWTHIE L= [58, 60],

HAE., T v MBI D PK A

7 R E L 8 Wi OHENE SD R T v M EH W, BRI AL EX — L F R UL (RTH
—VEFHE, K AARERREE S 50 mgkg £ L <134 F 27 F 2 KF¥ (Sigma-Aldrich) 100 mg/kg
wMEENE G LT, APREKICA~NY o B U 7 A 100 UmL 2 Ao = 2— b &2 KEREDRIZFHA
L. 7 v MZ CNP-22 £721% ASB20123 % EFAIRAK G- F 7213 TREIZ2L Y 1 mLkg THRE L7,
BEFHIC ) =a—Lnb T 7unF=v (VY TATAT A7) LoF LT I o UERE

(ethylendiaminetetraacetic acid: EDTA-2Na, FIYGHISE T3S 2 5ol Mgz s L=, £
M 14,000xg, 4°C Tim DB L, MmAEEERE L=, CNP © 17 7 2/ BRFEIE D 70 D BRI (2 k9
DU &2 1A [ Tyr’]-CNP-22 2 N L—H & LTRHWE T VA4 A L 7 v AL 0 iEF o CNP
S ROSPEZIE L7 [34], cGMP O ML, Yamasa cGMP 7 v &1 % v b (v~ EmkE

) ZHWTCT7 VA A LT vtEA (radioimmunoassay: RIA) (25 Y #HIE L7,

FSH., U ADHENKEICEIT D cGMP REAR A

6 HMEHD ICR HEVE~ ™7 2 (4 £721% 561, #F) 2. CNP-22 IZ 1600 nmol/kg T. ASB20123 /% 200

nmol/kg TR F# 5 L7z, 8ia A1 Y 7/L7 > (Mylanlnc.) THEEL . FKEHR2S EDTA-2Na %
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GBI 1B U 30 BilE L i A SR L 72, B o—& Y7 U v 7 L, AL T cGMP
Oy fRIESE B RIEAL Uiz, BNECE 7% R U v 22 X0 ofiD & 0B L, 6%imE R EETA
R (FCMisE TR AL P ORETV T A X LT, o v aim b mlitc, RiEE —E B L,
KOH & CH 1 L7z, ™Hil®D EIA %~ & (Amersham cGMP %3540 | i€ Biotrak EIA System, GE

Healthcare Company) % HUV T, c¢GMP 2 %2 HIE L7z,

FoIH., v U ANDT v b &AW in vivo FELFAER

3 EEOMENE ICR =7 A (5 £721% 10 BI/EE) 12, ASB20123 % 8 MMKIEE F#& 5 Lz, 7 oK
P SD %7 > b (SHBI/EE) (2. ASB20123 %2 FAR— T A& 54 L IXREEI =R 7 (ALZET i#d%
J£AR 27", Durect Corporation) % VT 1R L <X 12 A& E Lc, FEORKRE, KE (GREN
BILAE CORIEZWE) . KORRZHG L OKRIEHM 4@ LRI 1 FHIE L. SRR &
CIEEDORESETVEN ) FAEZMNTHGE Lz, v~V AMIEROF AT A 02 REETIRO
ELISA % > I (Mouse Osteocalcin EIA ¥ > k. Biomedical Technologies Inc.) % AW TCHIE L7z, <7 %
MmAEF OHT ASB20123 HuiKiLiilk® ELISA % » K (Protein detector ELISA Kit, Kirkegaard & Perry
Laboratories, Inc.) MY ASB20123 Z FHWNCTHIE L7z, G-I TRIZHR RKENR) M L, .05 B
L CiSEE BRI L7z, 7 > MiSEF O CNP &G MEIx, PKaBR & FBEO FIECTHIE Lo, K FR—7

AEGING 15 8%, FTITERE FIEA L2 OFR AT SHFR b g~ 7 v 2RI LT,

FITHE. T v MREREOWE

F T O KR K ONSE & 10% P HAEE AL~ U R CREE L, 10% 1 & 08 10% FHEFEE 5 v
~ U U ORART T 1UEBBK L T/RT 7 ¢ al, o, ~~ hXv Uy - = v oYk i
U CHEMAEAR AR U 7o, AERY U 7o MR AR 2 N T A0 S OS5 D R iR 2 I E L 72,
FHANC IZBAMEE T TR L 7ol & VD TR RRER AR & Rl 5 ) (2 5 RIRRE 1 . RBRE I 1% 9 (T,

JEE AL 5 EPTHIE L, €N OREEO FIE 2 plRERIE & Uiz, KRR @S M O L
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Sl RE T oo 1 @2 HE L,

%8 TH. FEtRHIENT
SN MERT — 2 28 S E & R E A R L,
RH RN I, oIR8 (ANOVA) 47TV, W TR A bk v 7 @8 & L C Dunnett

test Z4T o7, T OEE p EAY 0.05 KRG DG EITHFHFARNCHERENH D LR LT,
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553 . FEERAE R
% 1. ASB20123 O in vitro 5 2 A5 AT

ASB20123 @ NPR-B (2% T 57 F =& MEMELOZE DR R Z 5N L7z, Fig 12A XO'B 1%, bk
NPR-A } O'NPR-B % ZEH Bl & 72 CHO MifaiZ 31T % &= 7"F KD cGMP EATEM: A 7~ L7, CNP-22,
CNP-22/ghrelin (12-28), &% Y ASB20123 IZt h NPR-B #5814 % CHO Mz 1] 5 cGMP pEAE % &
RAFANICHIN S 72, ASB20123 ENIMEY 7> RTHDH CNP-22 @ NPR-B 7 = = 2 MEMIZIZITIRSE
Thotz, £i2, CNP-22 L NZEDOFERIZ NPR-A 7 T =& MEEIZA LN e hoT-, 2, WTho
RTF RIZBWT S ghrelin 25K TH 5 7 ~ b GHS-Rla #3425 CHO HIiZ 35\ CT[Ca']; 2 I K

W7oz (Fig20)
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A) NPR-B agonist activity B) NPR-A agonist activity

19 ¢ —— CNP-22 o5 % G-hANP
—— ASB20123 —o— CNP-22
10 F L
-8 CNP-22 20 Ta AsB20123
— ghrelin(12-28) e
= 8 = s |-m one-22
= — ghrelin(12-28
3 .
c & F é
o o
: o 10 F
= 47T S
3 3 .|
2 -
0 0@ -—-D--D---Eh-lﬁa-
0 0.01 0.1 1 10 100 1000 0 .0.01 0.1 1 10 100 1000
Concentration (nM) Concentration (nM)
C) rGHS-R agonist activity
30000  —e— hGhrelin
—o— CNP-22
25000 F
—— ASB20123
E 20000 | -= CNP-22 ghrelin(12-28)
1]
Z 15000 |
(N
10000 F
5000 F
0 JUATTT BT BT BT AT M)

0 0.001 0.01 0.1 1 10 100
Concentration (nM)

Fig 12. Receptor agonist activity of CNP and its derivatives.

(A) NPR-B agonist activity of CNP-22, CNP-22/ghrelin(12-28), and ASB20123 was evaluated based on cGMP
production in CHO cells stably expressing human NPR-B. (B) NPR-A agonist activity of a-hANP, CNP-22,
CNP-22/ghrelin (12-28), and ASB20123 was evaluated based on ¢cGMP production in CHO cells stably
expressing hNPR-A. (C) GHS-R agonist activity of human ghrelin, CNP-22, CNP-22/ghrelin (12-28), and
ASB20123 based on the changes in [Ca®']; in CHO cells stably expressing rat GHS-R1a. Each value represents

the mean of duplicate assays.
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2., T v MBI D PK A

7 v MZHBIT D CNP-22 £721% ASB20123 D #kIN (20 nmol/kg) # L <IEZEF (50 nmol/kg) #
5.4% 0> CNP S35 o i S5 v 2 B O 5% Fig 13A KON C 12", ASB20123 $¢5-4% o> I e o i e
— FEE B T iRifE (area under the curve: AUC) 1%, EFRINSR 54T CNP-22 @ 4 1%, 2 F# 5% T
6.8 f5m 2> 7= (Table 2), ZA 5 DHEFEIT ASB20123 AHfth= > RXFF X —+F (neutral
endopeptidase: NEP) {Zxf L CHSHUERH D 7 VT T U ANENT L &2/R LTV 5, £72, ASB20123
D iv 55 O EFIRESAAFE (Vdss) 1ZCNP-22 K0 & 6.7 K& < (Table2), EH > FAvE
V% —Th D MHEH cGMP IR ITZ TG 180 /312 ISV T H AR XV & & LL i
Bz (Fig13B LU'D), LA EDORERN S, ASB20123 (X CNP-22 & bz LTI 26 DiE N

<V KD BRAGITHRMICBIET 2 Z L AVRR ST,
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Table 2. PK parameters of CNP immunoreactivity after a single iv or sc dose of CNP-22 or ASB20123 in

rats.

A) Intravenous administration

Dose AUC,_.. MRTo.o Tip CLt Vdss
Peptides
(nmol/kg) (pmol + min/mL) (min) (min) (mL/min/kg) (ml/kg)
CNP-22 320 54 102 +0.18 142 1045 639 119 642 +51
ASB20123 ? 1281 +£502 241 £26 313 48 179 +£89 429 +204
B) Subcutaneous administration
Peptides Dose Cmax Tmax AUC_... MRTy_ Tip BA
(nmol/kg) (pmol/mL) (min) (pmol + min/mL) (min) (min) (%)
CNP-22 9.02 +374 50 £00 152 +£73 139 +£34 100 £50 19 +9
ASB20123 * 1560 +0.95 200 87 1037 +96 496 6.0 321 =80 32 +3

PK parameters were calculated from the individual plasma CNP immunoreactivity-time PK parameters were
calculated from the individual plasma CNP immunoreactivity-time curves after a single iv (A) or sc (B) dose of

each peptide in anesthetized rats. Each value represents the mean £ SD of 3 rats. MRT=mean residence time,

CL=total clearance, Ti,=half-life period, BA=bioavailability.
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Fig 13. PK/PD profiles of CNP-22 and ASB20123 in rats.
Plasma CNP immunoreactivity-time curves (the upper panels) and cGMP concentrations (the lower panels) after a
single iv (20 nmol/kg) or sc (50 nmol/kg) dose of CNP-22 (A, B) or ASB20123 (C, D) in anesthetized rats. Each

value represents the mean + SD of 3 rats.
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FI3WE, v~ AOENHEIZEBIT D cGMP FEAREAT

CNP-22 K& Y ASB20123 D ¥ #flk~D 53740 Z it 2 72 91T, ~ 7 AT CNP-22 % 1600 nmol/kg TH
L < 1% ASB20123 % 200 nmol/kg TR N5 L, MR NH AT #KE O cGMP i % bl L 72, ASB20123
B 5.4% | MK VBN ECE O cGMP 2 13 CNP-22 % 5:4% L 0 B & 2 @i & 7~ L7z (Fig 14A X OVB),
F72. ASB20123 HHZ D HITE T D cGMP IREEIE, 54 120 0 ORF RISV TH BARRE X 0 &if
Tod o7z, CNP-22 KT ASB20123 $5:% @ HAr#kE & i o> cGMP i ORI % Fig 14C 12777,
IO ORERIT, RIRAITH D CNP-22 & il LT ASB20123 NS H MBIV TR, B DR RERH

27> T eGMP ZPEAET DT EMARETH L Z L AR LTV D,
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(A) Plasma (B) Auricular cartilage-

500 =%+ Vehicle
. Za00 | < CNP-22 1600 nmol/kg

E o - ASB20123 200 nmol/kg
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(C) Correlation between cGMP in plasma and auricular cartilage-
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Fig 14. cGMP concentration-time curves in plasma and auricular cartilage after a single sc dose of CNP-22
or ASB20123 in mice.

Plasma (A) or auricular cartilage (B) cGMP concentration-time curves after a single sc dose of CNP-22 at 1600
nmol/kg or ASB20123 at 200 nmol/kg in mice. Correlation between cGMP concentrations in plasma and in
auricular cartilage at each sampling point (C). Each value represents the mean = SD of 4 mice (A, B) or individual

value (C).
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HATE. O~ 7 A% VT ASB20123 OB B EARHE(E A

ASB20123 % 3 i OMEME ICR ~ 7 212 0, 50, M Tr 200 nmol/kg/day DT, £ 10 BiZ 8
WEF AR TR G- LTz, ASB20123 OFRGHEDEREM PRRIT, R L LB L THRICHETH
V. HEMENEBO 6N (Figl15B, C, XU'D) , £/z, BEK~—I—TboMIETOA T
F v PR BEIX 200 nmol/kg/day BEIZISUNT, SHRHE & ik L CTHEICEE CTh o7 (Table 3) .
—J7, REICIIEFERICABERZITIRD bzd o7z (Fig 15A) o RIEHIRH ., B CHRE XK ORE
EOMEICAEZEIZ < (Fig15B TN C) . CNP OF I BAREEFITIRERIC X 0 #emnicilk+ 5%
LRSI, 7RF. PLASB20123 HUiAIE, 5 8 BH[H M OASEE 4 B H#E OV DR RIZES

WTH ASB20123 25 L7 T X TChHO~ 7 A THRIE SN0 ->7= (Table4) .
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Fig 15. Growth curves of female juvenile ICR mice treated with ASB20123 sc during the 8 weeks of the

dosing period and the 4 weeks of the washout period.

Body weight (A), body length (B) and tail length (C) data are shown in the upper panels, and the photographs in

the lower panel represent the gross appearance of mice at Day 56 (D). Each value represents the mean = SD of 10

(for the dosing period) or 5 mice (for the washout period). NS: not significant (p > 0.05), *: significant difference

(p <0.05) compared to the control group using Dunnett’s test.
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Table 3. Serum osteocalcin concentration of juvenile female ICR mice with multiple sc bolus injections of

ASB20123 for 8 weeks.
Dose Serum osteocalcin conc.
Peptides
(nmol/kg/day) (ng/mL)
0 (vehicle) 272 +8.2
ASB20123 50 335 +69NS
200 475 +13.2*

Each value represents the mean + SD of 5 mice. NS: not significant (p > 0.05), **: p < 0.01 compared to the

control group using Dunnett’s test.

Table 4. The specific antibody titer against ASB20123 in serum of juvenile female ICR mice received

ASB20123 for 8 weeks, and after 4 weeks washout period.

Dase Treatment peried Washout period
Peptide
{nmel/kg/day) (8 weeks) (4 weeks)
0(vehicle) 0.124+0.013 0.133+0.030
ASB20123 50 0.170+0.068 ns 0.141+0.022 ™
200 0.133+0.011 NS 0.161+0.033 ™

Absorbance values at 405 nm were represented as the anti- ASB20123 antibody titer. Each value represents the

mean £ SD of 5 mice. NS: not significant (p > 0.05) to the control group using Dunnett’s test.
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51, T v MBS ASB20123 OFHGE R TG O FhE/ER

ASB20123 O 7 v MIBUI 2 BEMEMERICO VT, ik TG EXER P& 2L,
ASB20123 % 7 HEOIEM:Z »~ MZ 0, 0.005, 0.015, 0.05, 0.15, 0.5 mg/kg/day (0, 1.2, 3.6, 12, 36,
120 nmol/kg/day) OHET7 HE&EG L, AREXPREEZWE L7 (Table 5), ASB20123 DRl T #
Bz X ->T, 0.15 X1 0.5 mgkg/day O & THRE LK OVREICHEREREMESFEO b2, KER TS
TIIRBO bR oTo, BHETRRORIRE L OREEIZBIT 2 RRIE A Fig 16 (2, KBE AL O [k

OS2 Fig. 1712 Lz, WINOHK G HFIEZBWTH AERITHEERFICIEE L7223, R T

iy

=

MHEFEEE (Cos £721F Cmax) TEEBE LTI Fife TG T LY B RREROILE DR ST,
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Table 5. Body measurements and growth rate in male rats receiving multiple sc bolus injections or
continuous sc infusion of ASB20123 for 7 days.

(A) Subcutaneous bolus injections

Weight or length on the final day Growth rate
Dose Body weight Body length Tail length Body weight Body length Tail length
(mg/kg/day)
Q) (mm) (mm) (g/week) (mm/week) (mm/week)
0 (vehicle) 317+ 11 2124 +64 201.6+6.4 56+3 12657 142+26

0.005 315+£21M 209.6+3.2" 197.0+3.9" 49+ 10 136+34" 11.4+4.0™
0.015 315+ 15" 212.8+3.8™ 208.0+7.2" 50 £ 9N 116+£2.1% 124 £3.8"
0.05 317 £ 15" 211.8+£4.0™ 2052 +56" 536" 114+£29% 142+£4.3"
0.15 322+ 11% 2154 £24M 2014 5.7 58 £ 6™ 148+3.7" 9.6+3.5"M
0.5 316+ 10" 2104 £2.6™ 206.8 54" 48 £4" 11.6+£42" 120£2.7"

(B) Subcutaneous infusion

Weight or length on the final day Growth rate
Dose Body weight Body length Tail length Body weight Body length Tail length
(mgkg/day)
© (mm) (mm) (Ghweek) (mm/week) (mm/week)
0 (vehicle) 333+13 215035 2054 +42 53+7 84134 54+36
0.005 337 £14% 2210+3.3" 2116+£4.2" 53+7" 132170 64+£23"
0.015 328+ 14" 2196134 207.2+2.3" 487" 11.0+2.0M™ 54+19™
0.05 32012 2198+24" 2088 +4.6" 498" 146 £3.5" 6.2+£3.3"
0.15 343 4N 2228+4.5 2103+6.1" 59+ 3N 165+44* 10.0+£20™
05 330+ 22" 2264 +4.6* 2156+1.8 48+20™ 222+40" 11.0+4.7*

Each value represents the mean £ SD of 4 or 5 rats. NS: not significant (p > 0.05), *: p < 0.05, **: p < 0.01

compared to the control group using Dunnett’s test.
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Fig 16. Correlation between plasma CNP immunoreactivity and growth plate thickness of lower limbs
[proximal ends of femur (A) and tibia (B), and distal ends of femur (C) and tibia (D)] in rats after sc bolus
injections or infusion of ASB20123 at 0, 0.005, 0.015, 0.05, 0.15, and 0.5 mg/kg/day for 7 days.

Each value represents the mean £ SD of 4 or 5 rats. The horizontal axis indicates the mean plasma CNP
immunoreactivity concentration at 15 min after the 1st dose for the sc bolus injection groups or mean plasma CNP
immunoreactivity on the 2nd day for the sc infusion groups. The vertical axis indicates the mean percentage of
growth plate thickness compared to the respective control groups. The growth plate was measured at nine sites for
the proximal end of the femur and five sites for the distal end of the tibia. The growth plate thickness of the other
end of the femur (distal) or tibia (proximal) was measured at one site of the central of the growth plate. Plasma
CNP immunoreactivity after sc infusion of ASB20123 at 0.005 mg/kg/day was not detected.

NS: not significant (p > 0.05), *: p < 0.05, **: p < 0.01 compared to the control group (0 mg/kg/day) using

Dunnett’s test (logarithm conversion)
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Fig 17. Representative histological findings of growth plate in the proximal femoral bone in rats after sc
bolus injections or infusion of ASB20123 at 0 and 0.5 mg/kg/day for 7 days.

(A) Vehicle group after sc bolus injection. (B) 0.5 mg/kg/day group after sc bolus injection. (C) Vehicle group
after sc infusion. (D) 0.5 mg/kg/day group after sc infusion.

Bidirectional arrows indicate the width of the epiphyseal plate.

-53-



6. T v MIEBITD ASB20123 OEME LI L A B MEIER

738> SD SRHEMET » b & VT ASB20123 OFHGER P52 XL 2 BRI 512 K 2 3B & 5
i L7-, ASB20123 % 0, 0.05. }%UY0.15 mg/kg/day (0. 12, % TX36 nmol/kg/day) T 12 #H ], &8
5B10T v MIRGBER 72 TG Uiz, &EGHIRTIZEBT 28RO % Fig 18A (IR
L7z, K TROBRIIAREICME L, HEMBENEED b7, xtl#E, 0.05 X O 0.15 mg/kg/day
BHREOREHREIL, £ 57.2+£3.6, 70.0+5.0 XN 87.8+ 62 mm/12-week Th o7, &
#E (0.15 mg/kg/day) (2B WT, FHELR NRHMEICRFE 2B 2580 54 (Fig 18B) . Z 021 kiX
ASB20123 Oiafl#e 512 K a2 RIK & & x bz,

(A) Mean increment of body (B) Photograph of exterior at Day84
length for 12 weeks

120
Day84-Dayl
1539
100 M‘
‘ 122%
80

ABody Length (mm)
N o
o o

[}
o

0 0.05 0.15

Dose (mg/kg/day)
Fig 18. Increase in body length of male rats receiving sc infusion of ASB20123 at 0.05 and 0.15 mg/kg/day
for 12 weeks.
Each value represents the mean = SD of 4 or 5 rats, **: significant (p < 0.01) compared to the control group
using Dunnett’s test. (A) Mean increase in body length after 12 weeks (84 days). (B) Photographs of the exterior

appearance on day 84.
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7. 7y MIBIDH CNP-22 KON ASB20123 DM EHER 23k 2 Mlfash~ R Y v 7 2

(extracellular matrix: ECM) D%

CNP-22 }2 TY ASB20123 % ECM & AIRIEICEEME L CTZ v~ MZ 0.58 mg/kg DHE TR F#45 L. 1
SRR HERS & el L7- (Fig 19), ASB20123 % 1%HA &K (ARTZ BHEIPNTESHK 25mg. Kaken
Pharmaceutical Co., Ltd.) # L <% 10%mifig{b 27V 243 2 77U I ¥R (extracted from bovine
tracheal cartilage, Adequan, Luitpold Pharmaceuticals) Z A& L7856, ABBEIKEZEHA L L2
B L LT, @i PREERERR & AUC OHIAEED bhic, ZOMRN D, ASB20123 13

ECM T CTOREM M ORFFENSZE LD EE 2 i,

. 300 300
s CNP-22 *E ASB20123
g 250 g 250
1) (=]
g 3
S 200 5
ZE 5=
E — E' o
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7 ™
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Fig 19. CNP immunoreactivity in rat plasma after a single sc administration of CNP-22 or ASB20123
dissolved in various liquid mixtures

Seven-week-old male SD rats (n = 3 or 4/group) received sc bolus injections of CNP-22 or ASB20123 at
0.58 mg/kg. After designated period, a small amount of blood was collected. CNP immunoreactivity level in

plasma was determined by RIA.
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At B

3

AFETlX, CNP/ghrelin &% A 7 X7 F K TH D ASB20123 DO FHLFEME: %2 5 L 7~, ASB20123 i%.
D2E2T7I /O FCNP22 KON SO7T X/ BE#EZH T 5HE b ghrelin O C RImHEIK THE
PR E L, RINEL CNP & [F55 OS2 B RFFRME L AEZ A3 25 NPR-B 7 F =X hTH D, LEN
TORBLEENM ELTEY, 7y MIBITDHPK 717 7 A /L% CNP-22 L3 25 & it
T2 5 O IERIIAER L, AUC OFE/RBMA 7R Lz, NEM CNP IXERENLOITEE TF
Bl- 3 24— 7 UV ERIIANT 7V UOWELEEZ LN TEY . EFIZIT 5NEME CNP
SIS TR . RERBID CNP-22 25 L CHESCMITTHIR L TLE Y bla, EHMLE L
THFET D LIIREE L B2 b TE 7o, ARBRTIE, ASB20123 Z1IEH 7 v M MU~ 7 AT E
BT #59 5 2 & THERFN BN RIEEREMNZ R L7z, CNP/NPR-B & 7 F L&/ LToB IR
YERIZ, CNP B3R TH D BMN-111 OFHENRH 0 | Fgfr3dh < o7 2 [45]°7 L— IEERED T
TNA=T A [NV THMRZMRE L, WE B RIEDTRREE & U CREREER 2 320 < v T
Do

Z v MIFED ASB20123 245 Lz & & OB RAREEMIL, KE R FHE & ik L TR
THEEIZBWNTEDR LEB S WS BV TERZABICHINESE2 2 LN TE T, ZHUE,
ASB20123 OEMEAREFEMN 2RI S E21T1E, @V IIEPRE 202 & (KR T b Fny
ERSELZENATHDL ZEHRBT HRERTH D,

CNP X, R UF FU DLFIRRTF K77 I U —Tdh D ANP £721L BNP & (TZHIRE ZD5H0
INBIR DT PEBREG RICKITITREN RN E B2 b TV D, LA L, CNP Z JiTfisdr 52
ANCRBLEE, MO CNP 2 LR EIELE T AV o=y 7~ T AZEBW T, IE I E D2
ZEO IR ORI 2 RS EEN A BN 5 —5 T, —#D CNP OFILEN SV~ 7 AT,
WT DOIERETF & bel U CUGER M E A B2 2R3 2 L3 dfiE S Tngd [10l, 202 L,
CNP DEFRIZFBNTH ARMEITAE SN DIEERZSROBIEROFIEY R 2 %45 Z & 2

% [62], FEBE. CNP #HEARTH 5 BMN-111 OERKAVHBRIZIBN TS, —HOgERE A = 2K
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JERRIEST D Z LA SN TEY , BRERKEGAEHEZGIRT2E R TO—>2LR>TND
[63, 64], —fXAIIC, FEERRO/NRBFEZG L LIiERiZ, REIChies 2 &b fEEICK
HOHEORREME L ARE S v, BE OMRFIRAEZ: E OB CTRIEH OFRA Y A 7 3K T 5 rRet:
ZEOTTORFUNPLEITRD [64], ZDO XD BRI D S ASB20123 OFffct 51350 R 72
FREEMZR L ARMED X 5 2IG8REFROBIEROFRAEY 27 Z RS &2 T2 DICH e &5
HETHDHEBEZTWD

ASB20123 @ 0.05 mg/kg/day % 7 HRE] Fififl TG L& 2 A, EREITEEIZIEE L7=53,
HRRICABERMBEIGED behroTz, —F, RUEGHEZ 12 BEEGT5Z ik THRE
IERICHINL, LV EAETH D 0.15 mg/kg/day £ 58 CTIXHHEL OVRBHEIC BT 2B 80 5
A, WRRICHE Y B E B X e, BEMO/NROMEREIL, Fin, Hhl, BIoiRZlA, £
DM TEZRY | Hx DBECHIFRFINOMERE GRS, £z, NEOHFRZEMICHEL., £
DO ZIEEE & U CHEBIM CHEF T 2l HELRET 5 2 LITRE L PRI D, ABF
JECTHNDOFEIE & LI EREIL, BR T X MR, = B o — 2 EiEdRg i U < IIRK 3L
HgiEZHNTE=F—T& DI LD [65, 66]. FIEATEDMRERIEDZEALZIRIRICAIHEZ
Ml Z LB AEETH DL EEA DI, RIFYnr—h~—A—LR0BLEEZXD,

AHEFSTC ASB20123 DR T GZ D~ U Z HIr#E 12315 5 cGMP R IE, CNP-22 5% LY
B <. ASB20123 [FHEAY T & 2 #E MM 6h L THEALZBIFMMEZ £ 2 L VR STz, RO
FHEDORAE B OFEHBIZ & D BEARIE, EML & 2 a0 FHickilast~ Y 7 203572 5 @ik

DWEMMETH D, REBITIT, W&, MRt U VEORADRD DRNsIZ, HHl R M

USHARHERF IS A2 DR B F ORI, TR O 8 2> 6 OZEEBICKITFE L T\ D, T7ebb,
Mifast~ N U w7 A (extracellular matrix: ECM) O & OWEE DS EMR OFFEIC K E S BEBL T
W5 [67] ECMIZEICT T4 27Uy, e 7vm Ul (hyaluronic acid: HA) . =T —/7 B 78
% [68], AHFTT ASB20123 %, B EIZIVT CNP-22 LV L hRAICIER L7223y, Z O %K &

LT, RN TORBHEGUEZ M E L2 Z & MR TOWRFEBINIER L7 Z &L TBATIC
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SIRHERINHER SN2 L OB TR W\EMT 2 VR % % < &1 ghrelin ® C KMAIOHEE % CNP
A5 2 & T AEM AT OTZIE N OIS~ R U 2 Ay & o FEssE E L, fEA
JAFT DT F R OBATHE & JRFT T OMEMEN L EHE SN2 D TIE RV EHEZ L T 5, Ghrelin
D C KEGER/ 1L BXTB EF — 7 &G A Bl IR I /B (T A= F g o) &, [X)
IMEEOI MY I /ak RS [69], BXTB EF —7 DX 5 itk I /D 7 A% —I% HA
O FRIMAERIC L VFEET 5, FRC. HA (X0 MBUKMEZ A L. KEMEZ LB O/ H s 2 2
B35 Z &b, ASB20123 ORFFHEA N EEE D Z LIk o T, MlaRESARE LTy o8
78 L OMAEAEMN 2T U 7o Mifa 58 & O & 2 e d 5 & B 2 bz [70, 71,

FRLDOBREE T HEFEE LT, CNP-22 J2 Y ASB20123 % ECM B AL CTF > b
R PG LR A ik L= & 2 A ECM A4 AV 5 Z &2 X D ASB20123 o ifn i
R S AR BE AR A R & U728 & bl U e I AR R B R & AUC OBEINASTRD 6
iz, ZORERN B ASB20123 |3 ECM 1 TOLEM M ORFHENSE L7 b D LHEE L TV D,
HARZ U a$ 3 ) 7 Ui EDE G F O HI58UE, o1 H A X S, kMR ED
B RORrE . KONV I U DGR & DR BAERIIC X » TR EZ =T 5 [72]. ASB20123
ETRRIZ, CNP-22 D PK a7 7 A ME HA, 7V a2 70 BT hoERizisn
T b MR EHERR (CRITRRD bR o Tz, BURZRV Z L1, CNP-53 @ N Ri#l 7 & ASB20123
D C Ky & [FARIZ BXTB EF— 72 fF#E L (Fig20) . ¥ 7 A TOMFHIIBUYT CNP-53 13,
CNP-22 &Ll LT, KV aR(EH 238 L7 (Fig2l) .

NPR-B OWNEMEY > RTHSD CNP 1%, X [73]. BEEE b b RERNEHILG [74]. X OYT » b
R [75]% & dekk 4 7o RRkIC BV TS CNP-53 & L CHEEL TV 5, CNP-53 | NEP (2L 54y
R E A A3 508, P iz A SRt s, ENELOA— 7V RT 7Y
K+ & LTERT S EE 25N TS, ASB20123 1, ghrelin @ C Rmihsy (1 HILEHL) 2 CNP-22
(AN % Z & THEEMET X 7 BRIRIEEDS 6 E¥INT 5, ~7F FhoIEICwE L7250,

ECM HORIZHEBEB LT a7 427 U AT 28FEICE 5T 5 EE 265, BOKRE#E
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HEF D 7= DIITEWIT 7= > T CNP WMEH Lt 2 LB N H D05, REREUE XM E N 7=
¥, AMAPE CNP &2 W =18 & > T ECM Z 41 L 72 Bk E i ~DOTGaE N EE TH Y |
BN RO L 72> TV D AN B X 51D [16], £ DT80, REMR~D AR OUE L.

AN LA RMEBRGICE > T, BHMEEAZERBICED LI ENTELHLEE I TS,

BX7B motif

BX7B motif

CNP-22 Human CNP-53 ASB20123

(O Neutral amino acid O Acidic amino acid  Basic amino acid
Fig 20. Amino acids sequences of CNP-22, human CNP-53 and ASB20123
Yellow circles indicate neutral amino acids, pink circles indicate acidic amino acids, and blue circles
indicate basic amino acids. The red arrow indicates the BX7B motif that also can bind to the
glycosaminoglycan hyaluronan, where “B” represents arginine or lysine, and “X” represents any non-acidic

amino acid. CNP-53 and ASB20123 include BX7X motif, but CNP-22 doesn’t.
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Fig 21. Body weight and body length of female ICR mice subcutaneously administered CNP(1-22) and

human CNP(1-53) for 3 weeks

Three-weeks-old ICR female mice (n = 5 or 10 /group) received sc bolus injections of CNP(1-22) (186

nmol/time/kg, bis in die) or human CNP(1-53) (100 nmol/day/kg, quaque die) for 3 weeks. Body weight and

body length were measured on the day after the final dosing. Each value represents the mean+ SD of 5 or 10

mice. NS : not significant (p>0.05), **: significant (p<0.01) with Student’ s - t test

( vs vehicle group)
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555 Hi. /R

ARETE, Bl CNP #HEATH 5 ASB20123 O3RN 271 L 7=, ASB20123 (3475472 NPR-B 7 =
SAMEEEFALTBY, 7y MRS T RIER FERET 5 Z &1 X o THERFEN B R
EIERZ R LI Z LD B EIBAUEZR & DR RIEICH L CARRIERIREZAT D LEZDL
Niz, F7o. KGR THE &l U TR 5T, KV 7EMER 2R Lz, BT, Ffi T
BHIHMEMED Y 27 KT 2 2 L ICbHETLHEEX D, TDX D RFEHFHT 7o —FIL,

JRWNE IR A TR LoD, BB AR DI OB R FIETH D EEZX TS,
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EIE FHECHEI N ULFRTF RHEME : ASB20123 D27

F1H. e

CHIF h U 7 AHRNFF K (C-type natriuretic peptide: CNP) 1L, B, B, ARImER, 15,
DI CREASND [17] TR THL T U U LFIRRTF RZAIK (natriuretic peptide receptor:
NPR) -Bdfid, i, B, O, IFEICIBV T, FRISHRHESERIIG K& OV S A I L 36 C LB i) i 58
BLTWD [78], —F. CNP FERDOFMEF 7 0 7 7 A MIZ N E THE STV, KETIE,
ASB20123 OFEMEFEN T 07 7 A VEFE LTz, S5I, B - #EEE & BEROREENZE L & OB

R, ROFEMEERET 5720, F~—T—% R LT,

o2 8. EEAE KL O FEEBRTTIE
5. wBRE

ASB20123 ROMHRIZE 28 H28 FH1HEICTHLI-BOLFEBEO LD ZMHEH LI,

2. @

AWFGEIE, TAEA T 7 =~ HRASHE L IS LS AT 4 = ZADOEIERIT A FF A4 12
e, Bhiax O R L B OGR AT TEE LTz,

Sprague Dawley (SD) 7 v MIHARTF v — /L A U NR—HRASENOIEA LT, WO ERMAITH 1

OS2 B2 TH L [ARRICEEN LT,

1. — e B (Study 1)
7 BEROWERER 20 BlD T v k& KREMERE S BT O 4 BEICHEIES IS L2, BEG-2130, 0.5,

1.5, & OV5.0 mgkg/day & L7, ®HFRBHIEARZ G L, &55&EIT 1 mLkg & L, EIEOEKEND
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KEEORGEZR N L, EORERET 4 AR—F 7LV o DV ROESE (7 VERASH)
ZROWCTHEMEZ TS Lz, BEEITF 2 FICHBW T, ASB20123 @ 0.15 mg/kg/day % 12 3 [H ez
THELEBICT v hOBEIRERALNTZZ 06, O30 TH S 5.0 mgkg/day 2 HEE L

TRE LT,

2. BEFFRAEBR (Study 2)
12 % HIGOBERES 15 B0 T o R, AREHERE 5 B3 3 BHCIEEA IR Lis, 5 R0

0.5 &N 5.0 mg/kg/day & L7c, € OMOERIEIT study 1 & FERICHE S L7,

3. A Fv—H— et L OEEMERER (Study 3)
7T HEEEOREMET > N 40 Veh | BHES Gl OMIERS IS T Lc, AN A A~ — B —RETIE 0, 0.005,
0.05. 0.5, K& Ur5.0 mg/kg/day @ 5 FE, 13 HFEOEAEMERER TIX 0. 0.5, KU 5.0 mg/kg/day D 3 B Z ik

E LT, T OMOBEIL study 1 & [FEEIZ G L 7=,

Study 1 CTix, —oiRRESlZE, (KB, BHE, BAKE, BRZORE, RHEE, MEF0mRe, niklk
PR, alkaline phosphatase (ALP) isozymes, osteocalcin, A&, ‘H % (bone mineral density: BMD) .

g R, T, M OYSEUMFMA 2305 L7z, Study 2 K ON3 TiE, —IREEIZ, (KE, KE.

%

BBEER. BMD, #f. KERE M OWSE OFF BB A 2 3206 L7,

)

1 —fRReRi%E
FE I L OEHE I IR 1 B 1R EEREZE L ESEOfERR K UM LEMW O KRB A BI4E L

775
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2. ML

TR MR A BREL L CL 1870 x g C 10 4y filiz L4 BfE L CIfiiE % 15 7=, Total protein, albumin, A/G ratio.,
total bilirubin, asparate aminotransferase, alanine aminotransferase. gamma glutamyltranspeptidase, alkaline
phosphatase . lactate dehydrogenase . creatine phosphokinase (CPK), total cholesterol . triglycerides .
phospholipids, glucose, blood urea nitrogen, creatinine, inorganic phosphorus, &% calcium [T4E1b5: B &)
RTEEE (HSL 7170, #RUSth B S8 UERT) & VT, sodium, potassium, M ON chloride | X FEA#E 7T

HEE (EA07. A&T #RAEt) Z2HWTHIE L,

3. ALP isozymes M TF osteocalcin

MR IR L7258 0 OInjg ¥ > 7 v % ALP isozymes K (8 osteocalcin DHEIZHV Tz,
ALP isozymes OHIEIZIX, BEIESKEI > A7 A (Epalyzer 2, Helena Laboratories Co., Ltd.) % v 7z,
Osteocalcin OJIEIZIL, Z » b osteocalcin IRMA % & (Immutopics, International, LLC, USA) % H\TC

S R E TR 2 L7z,

4. KRR OREERORIE
BRIZ FAZHMNT, &7 v FORENOBIIMETORIZME LI, RKBEFREITVZL 7 X

AW T, FIRRERC BRI L7 KRB (2R 2 10E Lz,

5. KEREBEE

FIRRIFIC BRI L 72 RIS () OFEE (BEE R OVERE) (2o0 T, EREWA Xt CT &

Z v—4 (Latheta LCT-200; HIZLT7 v 1 A5 ¢ HVBRASH) 2 WCllE Lz,

6. JHELHR AR A

H U= 20 OMiR % 10% R E R L~ U ARIZEE LT, 2XT 7 ¢ el - @R, ~~ v
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Ve A Qea o U CORBIBEA 2 ERL L. 8 L7, KRIBE R OSHE OEAIERTTE KL O

EHIEORIEIX. 52

i

2 7 HE FERICHENE LT,

5. WEHFHIRENT
SEHERE & ASB20123 #5-8f & O T Bartlett D HIEIZ KV 3 EBOE)—VEIZOWTRIEZLITV., 0
D56 1% Dunnett test, £ H T2 WA 1T Steel test Z1T o 72, DOFE. p fED 0.05 Kiili DL A ITHFHF

WA B RN H D Ll LT,
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553 . FEERAE R
% 1TH. ASB20123 D@77 7 A L
ASB20123 # 7 v MZ 0, 0.5, 1.5, % T¥5.0 mg/kg/day T 4 BBER THRE5 L, 2o@EE7n 7 74
VR LTz, —MOREBBIZECIL. 4 ASB20123 & 5-HEICH VT, # 5 3 UARRIC IR 2 1 5 21T
FE PO BV, BITRE DO DT EEIT BN Uz, £72, KRG O RE & & OV
fiE @ BMD fEIX, 42 ASB20123 #& 5-HEIZFHB W TxRE L i L THEICIRME CTH - 7= (Fig 22),
HELHRF IR A OFE R % Table 6 (2, KB OITALERIZ I B #HkER %2 Fig 23 127~ L7z, ASB20123 (2R
L7=Z{biE, B - 8k CoABIE STz, 2 ASB20123 £ 5-BEIZ 3B\ TR O UTAL i &3m0
DT DORREMRICIERFBD b, I TEVIEE L TEBY . —RE X OB FMROEMZ £ > T

Too ETo, REEEEASSG CIEEE « B0, FEE O OMME L, RATIEE E TR0

HE

bz, JEE TH4 ASB20123 &GRSV TR DIEIE K O E OHNSFE D Hiv, 1@ T &
VIR EBEEICERD BT, Eio. I & OSSN OB SRR O RN, EALI O B i, E G O
BB, K OVERD AR D RAENE D ZALDTRD H LTz,

{KE. CPKIEME, ALPJEME, ALP isozyme, M (N osteocalcin DA% Fig 24 (2R L7, (KEIZHED 5.0
mg/kg/day FE, MED 0.5 mg/kg/day DL EORETRBREE & i L THEICEME TH o7z, CPK {EMEITA
ASB20123 # 5 CHEICHEME, & L IEmEMm 27 Lz, ALP {HMEIX, #Eo 1.5 XV 5.0 mg/kg/day
HTHREICHEETH Y, HD 0.5 mg/kg/day BE, W ONTHED 1.5 KT 5.0 mg/kg/day 123\ T b B fEMH[ &
s~ L7, ALP isozyme fraction 3 (%, WEMED 5.0 mg/kg/day BET, *HRAEL Ll L CTHEICHEETH O | I
® 0.5 O 1.5 mg/kg/day ., A ONZHED 1.5 mg/kg/day BET & [RIEROMEA 23580 LTz, O it
RATE B M O osteocalcin (2 DWW THEL W FHLOREIZI W T b6 IREE & bl U CEITRD bR o 72,

ZTofh, KE, BifE, FKE, REPIOMRE., REE, MBERA, Sk, lsE &I ASB20123

F GBS 2 2T bR o Tz,
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A (mg/cm?) B (mg/cm?)

1200 - 1200 - m Control
*F gk gu ® Control _** ok 0.5 mg/kg/day

1000 A 00.5 mg/kg/day 1000 - @ 1.5 mg/kg/day
— :;g Egj‘;gﬁzz s o 5.0 mg/kg/day
600 - 600 -
400 400 -
200 - 200 -
0 - . 0 -
Cortical Trabecular Cortical Trabecular

Fig 22. BMD of both the cortical and trabecular bone in the femurs of male (A) and female (B) rats treated
subcutaneously with ASB20123 for 4 weeks in study 1.
Each value represents the mean = SD of 5 rats, ** P < 0.01 vs. vehicle-treated group by Dunnett’s multiple

comparison test.
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Fig 23. Representative histopathological findings in the proximal femoral bone in rats in study 1.
(A) Vehicle group (x 40). (B) Vehicle group (x 100). (C) 0.5 mg/kg/day group (x 40). (D) 0.5 mg/kg/day group (x
100). Bidirectional arrows indicate the width of the epiphyseal plate. Arrows indicate the necrosis of

cartilage/osseous tissues. Scale bars represent 200 pm.
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Fig 24. Effects of ASB20123 on the body length (A), CPK activity (B), ALP and ALP-isozyme fraction
activity (C), and osteocalcin value (D) in rats treated subcutaneously for 4 weeks in study 1.
Each value represents the mean £ SD of 5 rats, * p < 0.05, ** p < 0.01 vs. vehicle-treated group by Dunnett’s

multiple comparison test.
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Table 6.

Histopathological findings in rats treated subcutaneously with ASB20123 for 4 weeks in study 1

Sex Male Female
Group Vehicle ASB20123 Vehicle ASB20123

Organs / Tissues Dose (mg/kg/day) 0 0.5 1.5 5 0 0.5 1.5 5

Findings No. of animals 5 5 5 5 5 5 5 5
Temporomandibular joint

1 1

Thickening, cartilage - - - ) - - - (G3)

Sternum
1 2 1 1 2 2

Thickening, cartilage
Femur (Proximal)

Degeneration/necrosis, muscle fiber, peripheral
Necrosis, trabecula/marrow, epiphysis, head
Necrosis, epiphysis/metaphysis, head

Increase, osteoblast

Increase, primary bone

Thickening, epiphyseal plate
Chondrogenesis/osteogenesis, ectopic

Fibrosis, marrow, head
Femur (Distal)

Increase, osteoblast
Increase, primary bone

Thickening, epiphyseal plate
Tibia (Proximal)

Increase, osteoblast
Increase, primary bone

Thickening, epiphyseal plate
Tibia (Distal)

Necrosis, epiphysis/metaphysis, head
Increase, osteoblast

Increase, primary bone

Thickening, epiphyseal plate

Inflammatory change, peripheral

) () )

1
- (+) -
2 2 1
) ) )
3 5 3
) ) )
2 5 5
) ) )
2 1 5
) ™) )
5 5 5
() (FHAH) ()
1 3 2
) ) )
2 1
- ® ®
2 5 5
) ) )
2 1
- ® o
3 4 4
GO I G B L)
1 2 2
) ) )
1 2 2
() ) ()
5 5 5
() (D) )
2 3 4
) ) )
1 2 2
() () ()
5 5 5
) ) )
5 5 5
() (H+H) (H+H)
2 2 4

*) *) *)

* ) *

2 3 1
™) ™) )
1 3 4
™ ) ™
3 4 5
) *) ™)
5 5 5
(HH) () ()
3 3 3
™) ™ ™)
2 2 3

*) ™) *)

1 3 4
OO B
1
: - )
2 3 3
®»m

2 3 2
) ) Q)
2 3 1

(G) ) (G)

(G) ) (G)

5 5 5
() ) ()
5 5 5

2 2
- *) )

Grades: -, normal; +, slight; ++, moderate; +++, severe; +/+, sligth to moderate; +/+++, slight to severe; ++/+++, moderate to severe

The numbers of animals with pathological changes are listed.

Vehicle: 0.03 mol/L acetic acid buffer solution (pH4) containing 10 w/v% sucrose and 1 w/v% benzyl alcohol
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B2, H - BRI OIS R

57 H BIZ 5.0 mg/kg/day BEDOHE 1 13561 TH R Sz, SECHIIE+ I I & o 7 K&

DFRMEILAFRD DAL, ASB20123 OF b & BIE O 22 WEBEE O ER E L TEZ LN &N,
PO R & LT,

12 % Al 7~ M2 ASB20123 % 0, 0.5 &V 5.0 mg/kg/day O 55T 4 BREKER S Uiz, <HIREE
EHEPEZ > b 2 BIDEE AL TRERPBIE SN b DD, ZOMO 4 TOBEHLIZIBW T, AL
RO BIZE S 72, ASB20123 #GHFIT. HIREE & i L T &0 % < DR THERDIFED
W&o, EWRZA T 2 O TE ML L O—RE OB, T ON B s M OV i D2/ 52
NI STz, 2O OFTRIZ, BEEWRD S L 725 Tl S o7 (Table 7), —fXIRAE
BIEIZHB T 0.5 mg/kg/day BED 1 BNTHRITREDNRD Bz, T OMIT—IREE, (KE, KREE.

BMD (2 ASB20123 (2B L 7= 21T bz no 72,
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Table 7. Histopathological findings in the femur and tibia in study 2

Sex Male Female
Group  Vehicle ASB20123 Vehicle ASB20123
Organs / Tissues Dose (mg/kg/day) 0 0.5 5.0 0 0.5 5.0
Findings* No. of animals 5 5 4# 5 5 5
Femur (proximal)
Epiphyseal plate closure 5 4 4 5 3 0%
1 2 18
Thickening, epiphyseal plate
- @) - - (+++) (++)
2
Increase, osteoblast and primary bone
- - - - ) -
Degeneration/necrosis, 1 5
epiphysis/metaphysis - - - - @) (H/A+++)
Femur (distal)
Epiphyseal plate closure 5 5 2 5 2 1
2 3 4
Thickening, epiphyseal plate
- (+++) - (H+H) (A
2 3 4
Increase, osteoblast and primary bone
- - *) - ®)
Tibia (proximal)
Epiphyseal plate closure 5 0 0 3 0 0
5 4 1 5
Thickening, epiphyseal plate
- ) ) - () ()
3 4 5 5
Increase, osteoblast and primary bone
- ) ) - () )
Tibia (distal)
Epiphyseal plate closure 5 5 5 5 5 5

Grades: -, normal; +, slight; ++, moderate; +++, severe; +/++, slight to moderate; +/+++, slight to severe; ++/+++, moderate to
severe. The numbers of animals with histopathological findings are listed. Vehicle: 0.03 mol/L acetic acid buffer solution (pH 4)
containing 10 w/v% sucrose and 1 w/v% benzyl alcohol. *: No test article-related changes were observed in any animal without an
epiphyseal plate. #: One animal was found dead on Day 7 due to the formation of a tumor in the duodenum. $: The findings of

epiphyseal plate were not evaluated in the proximal femoral bone of 4 rats, because the specimen did not have the target tissue.
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3. F - HE RSB 23 A — — O L [BIE O FEA

ASB20123 % 0, 0.005, 0.05, 0.5, J}U5.0 mg/kg/day D& T4 BEBKERL FHE L, KR, ERK
JE, KifEE. KOKRBEDO BMD ZHlE Lz, EREIIHERTFOICEEL TBY ., Bimea L <X
B O FEET AT RERIE D 200 pm UL EOEIRIZ ISV TOHBIEE S 47z, KRS BMD OIK T & 73
AT & B TRD iz, KRR, B a0 Bl & R R L <IXKRRRE R OMICHBEILRD i
- 7= (Fig25),

ASB20123 ¢ 5421580 b I F # O RBRE 12 361F 5 BMD OARfEIZSWT, £ DRIEN S 13 38
M ORFEH R (RN U7z, 4 ARG 7RSI 2 — KRB, AE, (KR, KiRERE. BMD,
FRET B I ONZ R BRE M O DL BB O R 1T, study 1 & [AEETd > 72 (Fig 26A X U Table 8) ,
[ I O T REOFLRR FRRR A Z B\ T BB R SO —H oMk (145 L <32 8178 12K
JhB SN s D i, i O R AE M OIS i (i O BAE D BT A BigE S viz (Table 9), #5544 T
BMD (3 FE . WEfE & B2 0.5 KON 5.0 mg/kg/day BETHBEEEL bl L CHEIKIE TH - 7228, 1]
IR TRECIE, BB B 1L 5.0 mg/kg/day #EOD A WERE 1L 0.5 & T 5.0 mg/kg/day #F TxfRRE & Hlg L
THRIMETH o7z, —F5 . xHRBE, BB R GRE L b IRt - 72 BMD fEOBMNAZE D &

7z, (Fig26B),
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Fig 25. The correlation between bone and cartilage toxicity and several parameters in study 3.
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BMD of the cortical bone (D) and trabecular bone (E) in the femurs is shown. Bone toxicity observed in each
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red indicates severe toxicity. Each bar represents the mean of 5 rats.
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Fig 26. BMD of both the cortical and trabecular bone in the femurs of rats treated subcutaneously with

ASB20123 for 4 weeks followed by 13 weeks recovery period in study 3.

(A) At the end of administration period. (B) At the end of recovery period. Each value represents the mean = SD

of 5 rats, ** P < 0.01, * P <0.05 vs. vehicle-treated group by Dunnett’s multiple comparison test.
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Table 8. Histopathological findings of the femur and tibia in rats treated subcutaneously with ASB20123 for

4 weeks in study 3.

Group  Vehicle ASB20123
Organs/Tissues Dose (mg/kg/day) 0 0.005 0.05 0.5 5.0
Findings No. of animals 5 5 5 5 5
Femur (proximal)
1 4 5 5
Thickening, epiphyseal plate
- ) ) (+/++) (+H/+++)
Increase, osteoblast and primary 1 3 4 4#
bone - (") &) ) ()
4 5
Degeneration/necrosis, epiphysis/metaphysis
- - - ) (+H+++)
Femur (distal)
4 4
Thickening, epiphyseal plate
- - : ) )
Increase, osteoblast and primary 3 5 5
bone - - H ) ()
Tibia (proximal)
1 2
Thickening, epiphyseal plate
- - - () )
Tibia (distal)
5 4# 5
Thickening, epiphyseal plate
- - (+/++) (+++) (+++)
Increase, osteoblast and primary 2# 4#
bone - - - ) ()
3# 3
Degeneration/necrosis, epiphysis/metaphysis
- - : ) )

Grades: -, normal; +, slight; ++, moderate; +++, severe; +/++, slight to moderate; ++/+++, moderate to severe.
The numbers of animals with pathological changes are listed. Vehicle: 0.03 mol/L acetic acid buffer solution (pH
4) containing 10 w/v% sucrose and 1 w/v% benzyl alcohol. #: The findings in each one were not evaluated

because the specimen did not have the target tissue.
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Table 9. Histopathological findings of the femur and tibia in rats treated subcutaneously with ASB20123 for

4 weeks followed by 13 weeks recovery period in study 3.

Group Vehicle ASB20123
Organs/Tissues Dose (mg/kg/day) 0 0.5 5.0
Findings No. of animals 5 5 5
Femur (proximal)
1 2
Degeneration/necrosis, epiphysis/metaphysis
- (+++) (+++)
Femur (distal) - - -
Tibia (proximal) - - -
Tibia (distal)
2 2
Deformation of tibia distal end joint*
- () ()

Grades: -, normal; +, slight; +++, severe.
The numbers of animals with pathological changes are listed. Vehicle: 0.03 mol/L acetic acid buffer solution (pH
4) containing 10 w/v% sucrose and 1 w/v% benzyl alcohol.

*: with discontinuity of articular surface and minimal focal degeneration/necrosis of cartilage and osseous tissue.
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ASB20123 (%, CNP/NPR-B 7 F/L-Z 41 L CHRE Ml O #5E K& Db 2 i k32 2 L2 K v iR
e 2 [13], AFETIX, ASB20123 27 v M2 0.5, 1.5, 5.0 mg/kg/day O & T 4 BEKEL T
L, 20osE7Te 7 7 A Ve L,

AGBRSAF FIZIB VT ASB20123 DI - IUFHMRICI W TORBIRE S L, T O oOFHRE
(MR B L 7o B Bl S e o 7o, MRRFAIA CIX. ASB20123 G- RE D24 TRERE KO

JEF TR DILEDZRD Hiv, 16 D% IF—WE L OEFMIBOIINZ - Tz, sREROE

HA

JEIT AR B 2B T H RIBRICER D AL, ASB20123 OREBMERICE S B E B2 biviz, B~
DORET 52 k& LT, ASB20123 &G HETHREZMHR L, BHdD ALP T % ALP isozyme fraction 3 O
HEINRER® BTz,

AT & UCiE, RERE OO ICISV T BB Rk DAL, H I O BB OMME L, AT
DF AT TO ASB20123 £ 5-#E TR® Hav, FHEEMOE R « BB, RIETHHHEDZ
P« BEREIEMICRD DL, E CIEEm - BEIROEEE, Ak EPRMRIC 1T 5 REEZ(L
MRD BTz, T HOZEITNT IS RO BRI S SR E RIS L > THE U E L <
TEAEPRAYRITIC K D RIELCHEMIC KX D PUSHEDZETH L EHERE L T\ 5D, B - 80 BB E 8 &
OIS OBALHHZIR < BB L CTE Y | BITRFCHTEIEHN DI E —H L TN D Z &b E%E~DYH
A N LADE - UEICB T 2 A 2B L STV D TR RIE S v7z, —CIRIEBIEIC I
THRROFEAITRRD Hiv, ZORERIZIEEEMN I 2 R 22 8E ORMR A & HEL L Tn
%, CPK O, B2H B ORIERMRIC K DHRA OB E T2 ITEEN RO —2 L LTEZHLND D,
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NS % B < RN CROEBUEBASE L Tz, ASB20123 £ 5-BECld, SR GREL L TLV £
< OEERTHRERDAFAEDHER TS, ASB20123 &EIZ LV ERAEZIESE L Z &R Sz,
ZORERIT, B 1 FETO CNP-53 HHIC X HFRLLHTOM|mE 2718 —8 L TW5, ASB20123 #& 512
K 2B HMIA K O E O, W ONT B K& OVE i O VST, Rl R EH L 725007 C i g2
SN e D, B ROEEMERI T 28R, ASB20123 OFEH/EMIT IS < |72 pL
FRIREFEHICL > THEEZ ESND Z ERRB T,

X 52, ASB20123 % 0, 0.005, 0.05, 0.5, M O5.0 mg/kg/day D FET 4B ERL FHRE5 LT v
MZFEOT, B ROEE OFMEI L ER, KRR, KIBEEICET 2MEHRIE, O KB OB
BN OMERE 231 5 BMD & OMBEZ B L, SFEMIE LZHAD 9 b, KRG ORRHRIE K OB
E D BMD 3 K OHCE O MERBICHKR S B HBE L T, flEMUE, BMD ERIZHRIZENTS X
PR, 2V a—ZMERE. KOt FOBKEREGBIELZ N TE=Z =N THDL T &b,
BROCEIZR T 2 mEEE TT 2 B2~ —T—IZk 055 LEZ2 65 [79,80],

HCE T RUE O JF TlT BMD EOIR T2 #E S TH Y [80]. ASB20123 % MW 7oiR#IZH U T

BMD O FIXEEICHR VLI LENH DL EEZOND Z LG, F - #UEHEME RO BMD O FiZoW

E

TEEM 2 Lz, EESHIFEK TR, ASB20123 #5-HO —HOMEIRICIB T, KRG I I E

Q‘l

E

/B DESE K O F 1B A BB OB TGN A BTz iy, KRG R OIEE 23T 2B @ DI B
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