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Al

BEERARAMEIE (X, B L M. B Colgigs st~ B Y 7 ANREFE L, W R e E sl
SEILFHETHD (1) (Fig.l), BRI, Ol Ic Lo 2mEThy . &
FENZNNCHBEDL LT, AR E A EFE L2 WVE) D unmet medical
needs DEVVEBEIK TH 5, ShasfiEiElZ N T, @OV A M1 v HHER O
B ENHE SN TWDEND, JREHRMEE DO FIE « #E (21X common pathway DTFE(E D
AEEINTWD, TGF-BI%, FEFITHR D Iefifast~ U 7 ZFEAFEIER ZH L, #MEE
FIE « ERED key player LB X 6 TW5 (1,2), TGF-B1%, IMMASZFIKICHAEZ, 1
Wk (ALKS) &AL T, ¥ hniET % (3) (Fig.2), ALKS FHEHIIZ ALKS

(TGF-B I US43 1K) DO FF-—F8 FA A ITHEE LT, TGF-B 0O 7 F /L2 il
DS FIRERTH D (4), TGF-BIZ, FOMEBHEITICHED > TV L HENMSIL TR
V. BIfE. Galunisertib (Eli Lilly, & % #)i-iC Phase II). Vactosertib (Medpacto.
[E e % i 1 Phase 1), PF-06952229 (Pfizer, FL¥a. B e 4 )i 12 Phase I)

. B ALKS [READEZES L LT, BRRRPETTTH L (5,6), ALKS FRE
FNE, N ARAEIE 22 )5 & U2 BRIRERBR IR I CTh 5 F, A 1 = X LI A B
KHHEND, ALKS [HEA|ONRARFRHERE ~ D@ S [ 72 B3RS0 2 B dG L7-, ALKS [H
FHAIDRIFERFFENZ 10 T T2 ARFFE O RERANG 2 Fig.3 (R ¥, MRS fiiEiE CEM I LD 2
Mgt~ bV 7 2%, TRaZ =5 Than, 1 Mag—r 0 OEMICITREEZEST 5
L. BEASARHEIE £ 7 LSBT DI FHmI IR MM 2 235, AISEME A B < D 5
221, FHH in vivo FHli RN ME L Z X DlcEND, [ MaTd—F v LR—2—F Y
M BEO, U ZOMFERUCERD MHATE, WRIC, XEF, ALKS FHEHRIBIR CThEE E-> T
Wiz GSK HDRFFHE AW O T 5 | invivo TOMEM HWIFFTE 5 SB-431542 2 V) — |
ke UCHERERZIER L, TNo0FERIC LT, [ Had—FrLiR—%
—Z v & HWEH in vivo screening & S L 72 /55, #7172 in vivo FiARMEILIEH %
A9 % RHI-3255 (W98 =— RFE5 : R-268712) %1% L7, Unmet medical needs D5
WRRHEERIE R B & LT, BRI R T T x4 % R-268712 O AR 2 F2 fi L
7o R, BHEREUGEEN EBRRIG. s v F =8 . B LT WELTR
NI A =2 —OWEEMN CRERBELINS, R Y1 MEEdE) 26T 5F oL
Too WZIT, BIRME R ERHEICEET 5 A 7 = X A EHE JEE Lo, R
myofibroblast (aSMA 51D =27 — 7 L pEAMINL) @ origin & L Tidk, JRMIE FRZHE
fel, JE BRI N R, VBRI . RS o8, AEERI L TR S T —
TFoVR—2—F v RO RERBILFREOMEN S RME LRGN ERa T
— VA TH D FE AP BT LT,
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Fig.1. Fibrogenesis and Major Organ Systems. (Rockey DC et al., N Engl J Med 2015)
Fibrosis is a pathologic feature of disease in virtually all organs. It has protean and
often lethal consequences and accounts for substantial morbidity and mortality.

Selected organs and associated diseases are highlighted.
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Fig.2. Summary of Smad-dependent and Smad-independent signaling following TGF-8
binding to its receptor. (Wrzesinski SH et al., Clin Cancer Res 2007)

Following TGF-B8 binding to an example of a heterodimeric receptor for this cytokine
[activin-like receptor kinase 5 (ALK5) and TGF-BRII], several molecular signaling
cascades occur. The Smad-dependent and Smad-independent pathways as well as
negative regulatory feedback pathways through Smurf and Smad?7 are shown. TF,
transcription factor; HAT, histone acetyl transferase; HDAC, histone deacetylase;
FKBP12, FK506 binding protein 12; TRIP-1, TGF-BR interacting protein; PP2A,
protein phosphatase 2A; elFs, elongation initiation factors; JNK, ¢c-JunNH2-terminal
kinase; Erk, extracellular signal-regulated kinase; PI3K, phosphatidylinositol 3-kinase.
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BEERARMEIE (X, AR ZRIBFRIENZ & AV EBOWENS | FIHERIEOBRE N FF 2T
Do LML S, AEENICEIT 2/t~ ~ U 7 ZOERITITRH D005 FN 6 #i
MEREE 7 VBN 2 AT BRI Z R I 2 22 L. AR Z PR SR & e > TV D,
HALDOBRICEE SN 2 EBE M~ P 7 23 1T a7 = Thd, 27— 3R
HERR S BN, FHRIIIRM 2 2T 2, o T, 27— /7/%\%33%% N7 =27 —ET
BEWR T —7 U VR— % —8i e FRT 5 . BRHE(E ORI FEAI 28 FTRE & &
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R T D, - T, IMag—rraldl, BLO, W27 —7 2 a28{0 5 Lk
Wy 7 27 —BREFEBRVWEBRFa VAN MEEALIL N VAV 2=y T T
v hEA e ERL | BRI D HOIRE & ik L 7=,
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ETCOBYERIT, F— =4 BF) OEBRBMAIA T4 o Te, PTv AT ==
v 77y NOERIL, ZREINCBR a2 A NT 7 haefA Y=l a3 5 FETHEM
Lz, BABETE2~T a#ARIORKET, Bis LY & BhEiRs L=, BT imns
12 FEfH A 7 VORI, =i 23+ 3C, XLy MEOH BB, BHHEKORIET, 7
EFLT.



Collal-Luc Tg 7 v F OfEHRL
PCR primer /X, 7 v haZ—5 2 al =2 V> 1 (GenBank no.J04464) OELY| %
ZHBICLTCT YA Liz, Wistar rat ®7% 7 & DNA % #5812 L C, forward primer
(TGACTGTCCTGGAATTCACT) . reverse primer (TAGGAAACTCTGAAGCCCTG)
T, PCRZHEMm L7, WIZ, 1t PCREM A #HAIZ L T, forward primer
(CTATAGACCAGGCTAGCCTC) . reverse primer (GCTTCTTGTGGAATGTAGGG)
T. nested PCR % 3Zfii L 7=, 2nd PCR FEY 7)Y 860 bp T 5 F & EXIKEN CHEREL., v —
JX AL ST, Ty bad—bFrad#H s Y o 1 RBETE TV D HEa2MERE LT,
20d PCR BEW) % 7 XY > 7% v | (PCR DIG probe synthesis kit, Boehringer
Mannheim) TY aX¥ 7= #E# L, DNAprobe & L CfEMA L7z, WIZ, 7 N7/ A
74 7 7 U — (MoBiTec, Géttingen, Germany) 5, ko 7ve—7%FHL T, 7 v
k=7 —%" al #i® 5-flanking region (from - 14,269 to+ 371 bp) #7/ nrn—=27L
72, pPS vector (2 automatic subcloning %, 7 7—=1272 L7 DNA ® 5|z, Mlul
site # & A 72 forward primer (CCCACGCGTGCCTGGTCTACATAGTGAGT) & Aatll
site & & ATZ reverse primer (GACGTCCACAGGTATTGGATATCTCC) TPCR %3 5
FCHIREER A2 EA LT, RUERIZ, 7r—=27 L7 DNA ® 3filiZ, forward
primer (ACAGCTCTGAAGACGGCTGT) & Xhol site % & A/7Z reverse primer
(TTTCTCGAGCTAGACCCTAGACATGTAGA) T PCR % L T, Xhol site & /1
L7z, Mlul, ECoRV, AatIl, Xhol Oil[REFZHALZHMMPL T, 7> haT—7 v al #
@ 5-flanking region (from - 14,247to+ 113 bp) Z N 7 =T —F L R—F —_J X —
(pGV-B2, Toyo B-Net, Tokyo, Japan) (Z recloning L 7= (Fig.4A), ¥XIZ. Notl/Sall 4L
B L C. bacterial replication origin X° drug-resistant gene DR/ RNE /R E &2 BrE L
EHL, BABLE AT 27 MLz, DNAaU AT 7 M 233 [HOSH
Eﬂ AV va sk, 8ILDBIEIRT v MIBM LT, b9 VCOREFOFEY 7 /WIT
LT, w727 =B IE LR, 2 [k (453-5 %it, 455-2 Rit) T/
7 =7 —BIEERRO LN, 2O 2 %% Founder (FO) & LT, Wistar 7 v b &%
BLT, Yoo my Mt L7z, Rl g Resxrnl) vy 7 =7 —8i%
PEEEEE, B XN in vivo FEERIZIEL, 8HARLL b, ABLAERF L7 453-5 Rt & -,

Colla2-Luc Tg 7 v F DfEHRL
PCR primer (%, 7 v ba 7 —5 2 a2 {7 v E—% —fHilk (GenBank no. X66209) ®
Bl & 2B L CT YA v Lz, Wistar rat @4 7 & DNA #8582 L C, forward
primer (AAGAAGCCCTGTAGCCACGT). reverse primer
(CAACAGAGTTCGCGTATCCA) <., PCR #=%jfi L7z, PCRE¥) 350 bp TH HH
EEKUKEN CHERE, > — 7= A ZL- T, HBEEBETFPHEIETE TWD AR L
7o PCREMZE TR T Xy hTYVIAX T =425 L, DNAprobe & L TfEM L



77 WIZ. 7> 87/ 5T A47 7 U— (Stratagene, La Jolla, CA) 76, Lito7m—7
PFERALT, 7y hag—5r a2#H® 5-flanking region (from - 9,217 to + 4,520 bp)
7 v—=>7 L7, Notlsite T pGEM-T Easy vector |Z automatic subcloning #%. 7

—=>7 L7 DNA ® 3liz, forward primer (GTCACCCTCCACCTCTCAC) &
HindIII site % & A 72 reverse primer (CACCAGCGGAGGTATCACCTAAGCTT) T
PCR % 3&fifi L C, HindIII site Z 11 L7-, Kpnl, Xhol, HindIII O #l|FREESE BN 2 F]
HALT, 7v ha7—5r a2 #H® 5-flanking region (from - 7,585 to + 89 bp) Z/L v 7
=7 —PLR—F%—~_7 Z— (pGV-B2) (T recloning L 7= (Fig.4B), &XIC
NotI/BamHI #L¥E L T, bacterial replication origin <> drug-resistant gene DR/ N5
Ry ERELT, BEEML, ARG AT bE L, DNAV A RT 7 b
Z 323 EDZKFINCA P =27 2 a Ak, 11 IEOBIEIRT v MIBAE LT, 88 DL pET

DRV T MK LT, 7 =7 —BiFE 2 E LICRR, skt 7 =7 —F
EMENRD bz, b@mvy 7 =7 —BiEME 2R L2 R # % Founder (FO) & LT,
YT my MENIER L7z, Wistar 7 v b ERZRL LT, 640072 F1 8 & igss il v
7 = T —BIEMRIE ERICAE L 7,

UUO model (unilateral ureteral obstruction: f{fllJR & fE%kE 7 /L)

Collal-Luc Tg 7 v h&ME FCRIE L., UUO A& %EhE L=, LRE% 2 7T, &
¥ L7-, UUOALE, 0,3,7,14 HHIZTZ v b % sacrifice L, UUO &, FERES OB DL
72T —BEE N FeXoTal) o IRaT—5 0 al . BRUL a2 mRNA
EREL, FEHEOBIKT 2 UUOBOLY 7 27 —BDfEE I L7-, Day0Z4T
fitr % Iz hte L 7= 8 2 iz,

YTy MET

pGV-B2 vector 726, N7 =T —8% 2 — NT 568k % Neol/Hincll il FREESEALEE L
TV H L%, 7V 7% > b (Megaprime DNA Labeling System, Amersham
Pharmacia Biotech, Piscataway, NJ) % T 2P ik L, /LT 7 =7 —F DNA (T3
L7m—7L LI, 7/ 5 DNAY VR, IR, £7203, REBO T A B— b2 &R
BEEAPLLC, JAR L7z, 7 A n— RS VBRI, 0.25 N HEE i7"V LAk Lz,
WIS, TNHVEEG ANy 77— [T, GEmE LT A 2 5 (Hybond-XL,
Amersham Pharmacia Biotech) |ZERB L7z, A TV XA B — g 1%, a2 EBEIE
L. X#~7 1V (BioMax MS, Kodak, Rochester, NY) (2 4°C. 1 #EMEIZE L7,

N7 =7 —BIEHEEE
N7 = Z—FIEMEIL, Picagene BrillianStar-LT Luminescence Kit (Toyo B-Net,
Tokyo, Japan) & W CTHIE L7z, FiEEx vy MIRMO 7 a haiiito 7, ks AT



Ux— hME, BOSBELTZ, 5uL @ EEICX LT, 100 Loy 7 =T —FBHED A5
7-REEARINL, v~/ 7 a7 L— bk (B&W Isoplate, Perkin-Elmer Wallac,
Gaithersburg, MD) Ti)izf%. Wallac ARVO HTS-1420 multilabel counter

(PerkinElmer Life Sciences, Boston, MA) T, Bt &4 E L=, Vv 7 =7 —EhEHE
AL H—1F (Toyo B-Net) zMWItE#RNL, V7 =7 —PEARZRD, HREA
wECMIEL7, EAEIZ., BCAHIES ~ ¢ (Micro BCA Protein Assay Kit, Pierce,
Rockford, IL) THlE L 7=,

RNA flifti & real-time RT-PCR
7 v NEl#2> 5 guanidinium thiocyanate 1% & silica membrane &% f A& ¥ 7= ik
(Nucleospin RNA II, Macherey-Nagel, Diiren, Germany) (ZC., h—% /L RNA % H
BEL7-, RNAREIX, WoREEICT, &Lz, h—%/L RNA % Prime-Script RT
reagent kit (Takara Bio, Otsu, Japan) % H\\T, 55 %, SYBR Premix Ex Taq II
(Takara Bio) &. SYBR green PCR 17’7 A ~—+t v bk (Takara Bio) Zi¥RINL 7=,
ABI PRISM 7900HT (Applied Biosystems, Tokyo, Japan) %\ T, &% PCR % Eli
L7z,

NA Favrxral VAE

NA FurFxTFn ) dad = UICRRNRT I BRTHL%, 27 =7V ERICH
WHEND, N Rrvrxrael) JHER. 7 r T v TikaE TE L7 Bergheim %0
ik (8) (T L7z, #Miky 7 (50-100 mg) OFF&EM%, 1 mL @ 6 N HCL % ¥k
MULT, 100°C, 24 FffH]A > FaX—h LT, BIUKSGME LT, ERETHAR, FEO
6 N NaOH (2 THFi1L 7z, 13,000 g T 12 53l L0 L7z, 40 nL @ EI% % microtiter
plate ® 7 = /LIZ AL, 25 uL ® 7 v 7 I > TR [1 part 7% chloramine T and 4 parts
citrate/acetate buffer (pH 6.0, 695 mM sodium acetate, 128 mM trisodium citrate, and
29 mM citric acid, with 38.5% isopropanol)] Z¥#MM L. =i, 10 /00, 4 > F=2X—
L7z, WiZ, 150 uL ®=—/L U v b i (1.4 M dimethylaminobenzaldehyde with 20%
perchloric acid and 67% isopropanol) /12T, 65C., 20 /fl. 4> F=~— kL7,
IR E TWEI%, 560 nm OWSLEZRIE L2, 1 Rr¥ 7 r Y (Wako Pure
Chemicals, Osaka, Japan) DM ERIC L > THEZE %I, MEEEECTHIEL,

PR EEE

M X, K> 12 #E D Collal-Luc Tg 7 v F O G, = T 7 —BREAIC &
STHEEL7Z, THag—Fra—hLlz24 7=V 7 L— MM L, hepatozyme-
SFM i5# (Invitrogen) TH;i#E L7-, h5g 24 BERILIC, B/ lo gtk X512 24
RefElRE 2 L, MRz [ U7z, /8 i fnMifle (Vascular smooth muscle cells



VSMC) 1%, #Htd 11 o Collal-Luc Tg 7 v ~ OB KENRD S | explant 51 T HEf
Lz, MEZ 2-3mm UGIZYIVERY, EF9Fra—bT 1 vyiad BICEELE,
DMEM/10%4+ 5 Y2 % & 55 (100 pg/mL kanamycin, 1 pg/mL amphotericin B) Tk
a2 L, MW 5 outgrowth L7l (P1) Zf#(t#%. 60-80% = 7 /LT
> MZEE LT- passage 2 O Z B L7, #RMEEFMARIE, B 11 8#ER® Collal-Luc Tg
7y FOEEEN G, explant EIZ THEEL7Z, BEWTA 2 DMEM/10%4 8 Ve s &
F:it (100 pg/mL kanamycin, 1 pg/mL amphotericin B) TH:# L. outgrowth L 7-%/)
RAf (P1) 28 60-80% = > 7 /b i L7 R Tl L7z, B ofifaicxt LT,
N7 =T —BIEMERIE AT LyEXL buffer (Toyo B-Net) TZ A &— k&% L 7=,
mRNA 47 F1Z1% Nucleospin RNAII kit {24 J& @ lysis buffer T7 A &— &30 L
7o

W ST

2 FEM O E 121 Student’s t-test, ZHEM OFE 1T Dunnett test & AV 72, HEEHIF
Br> 7 R, SAS System Release 8.2 (SAS Institute) %\ 7=, P<0.05 Z#iat%M
WCHEEZH Y &l L,

BRBLIUEE

TTZAIRarA N7 7 FoOERXXE Fig.d lIZn-d, [HaZ—5 0 al SHOERE BRLA A
FiiE-14.3 kb 2> SEREBAERE FO+04kb 2T v TP ATAT T —Inbra—=
7L, D%, -14.2 kb 7> 5H+0.1 kb Ol % pGV-B2 vector (V¥ 7 = 7 —EBREL~Y
H—) YT ra—=27 Ui, Aatll L2 K5 192kb D7 T 7 A b, BIOY
AatIl/EcoRV ZLFLIC L % 11.0kb & 82kb D7 T 7 A2 b3, T Hu—AF )VEKIKEID
Ny RE LTSN (Fig4dA), _OD%UBEE%ﬁ&LLfE/W»A:/b% H 89S D pGV-B2
vector ~DH T 7 a—= 7R HEGADICE T TCETCWIHEDPMHETE, [HaT—
7 a2 $H B AERIC LT, $RERAA R _EE-9.8 kb 2> R G BAAGAE F D+4.6 kb % 7 » bk
FIETATTZ V= ra—=v71L, D%, -7.6kb H»5+0.1 kb OfHEEk% pGV-B2
vector [IZH 7/ m—=27 L7, &I, HIREERLE 2 — L LT, KpnliZ X5 124
kb 7 Z 7 A, Kpnl/Xhol LBEIZ L % 7.1kb, BEWN, 5.3kb DT T 7 A kA3,
T a— Xﬂfk(ﬁ%ﬁ@/\/ KE& L THERTEZFENE, pGV-B2 vector ~DH 77 1 —=
VUM, TEBYEITINCEEHR L (Fig.dB),

‘EE%: YA N7 7 FoEAX % Fig.5A 127753, Collal-Luc Tg 7 v k@ DNA =
VARNZZ ME, Ty b1 EIaT =42 al SHOERB B 14,247 bp /> 54113 bp
OFEE OB T RERE TNy 72T —BBETZEE L2 THY | 5 fE
\Zi%, 14 ﬂﬁl@ CAGACA %, 3725, Smad binding elements N & FNTWD (IRE
Btk E | -18,821, -13,531,-10,702, -10,468, -9,487, -9,271, -8,796, -7,283, -6,624, -




5,157, 2,256, -2,226 bp O#R1), —F . Colla2-LucTg 7 v RO DNA I A RF 7 b
X, 7y IR aZ—4 2 a2 $SHOERE B AR S _EE-7,585 bp 7> 5489 bp D FEIR DB 5 15
HHEE TNy 7 =27 —REiar2EELEb0THY , BEREERICIE, 5D
CAGACA 2%, 725, Smad binding elements 23 & £ TV 5 (BRGBHAG S D
4,985, -4,636, 4,371, -2,455, -2,451 DHL),

W), Collal-Luc Tg 7 v "W ¥ 7oy MENTIX, 453-5 R D FO, F5, F7 1t
BLON 4552 %D F3HACDOFIEY T ERHWTENE L7203, AR T 7234 — T
7o CLFEW, BNV RidfER R 2> 7= (Fig.5B, lanes 1-7), G RIEH I
TIVIRG R LT RTREMEAN R S 7o . 8 HARLL L, REl A KL T, B 453-5 Rt
DO, BLO, REY > FAEHNT, ¥ ¥ 7y %ﬁﬁﬁ%%ﬁ@ L7z, Asel/Hpal 4L
BHZ XLV, 15.2Kkb OALEICT/NY RinA B AL, Xbal LERIZ 5.4 kb OALEIZ/ NV RN
Aol (FigdC). HIREERAIOFER, P L@ Sy RBRRLNTZFEND,

BEFIIHREZE X THERF SN TV A EPER TX 72, Colla2-LucTg 7 v hOHH
7y MENTIZ, FO RO EY v 7V W T E L7z, Bglll/BamHI ALEE 2 X 5 8.1
kb D32 K, Hpal SLERIC L% 5.6 kb D 3 R, L, Hincll LFRIZ L 5 3.6 kb D
YRIZ, Wb, ABEB VAN NOTHA b TPHISNILEDO NN BT
HHHENDL, Colla2-Luc Tg 7 v M DNEABER T EZRFFL TV D EXfER T 72 (Fig.5B,
lanes 8-11),

MBI ANA R rr ) vg&l Ny 7 =7 —BIEMEfE% Table 1127779, Collal-Luc
Tg 7 v b, Colla2-LucTg 7 v b, WITNDORHLAECMcEDaT—Fr 58050
ik, T7bb, a7 —FUIRRNRT I VBETHLI N Ko 7r ) v EDOZ W
e, My 7 27— BN EEZ/ R L7z, Collal-Luc Tg 7 v hTlx, n~A Faxv 7
nl LY T =T —BIEEEICEWHEBEARD b (r=0.99, Fig.6A),
Colla2-LucTg 7 v MZBWTH, ~Af FrFv7al /E&/lw/7:7~ﬂz{§‘$1ﬁ i
WHERI SR B2 (r=0.94, Fig.6B) . 2172y 7 =7 —8iEMEIEL, Collal-Luc
Tg 7 v bl 5L, KETHoT2, o T, ZHNLBEOFIEERIZOWTIE, Collal-
LucTg 7 v & HWTHE L7z, a4 OMBEAFELTEBY ., Ml &8
BOUHIREE S B 72 5 %, whole Dfifigi 2 W ZiHlClX, Ly 7 = 7 —EEME L mRNA
OFIBRIRE ERECFEM T 2 DIXREEE B2 b, o T, a7 —F U EAMIE L
T, MG, RERRMEEERIR, = 7 — 7 CIFEAMM (b L <IX5RBMm) &
LT, MMz @R L, 2o 0Mins K4, HEEL TP ERE L. al(D collagen
mRNA &7 = 7 —BIHEHOMBEZ R Lz, Z OfKICE— 72 ifatg R chiied 5 F=ic
X V. al() collagen mRNA & /vy 7 = 7 —BIEMEITE VB 2 R THENMERTE 2 (r=
0.97, Table 2, Fig.6C).,

BB, REODHP T DHHERET T L ORI 2 8 TE 2008 9 D ERGEET 2
A, BT L LT, IWHEN TV A UUO model #FHWT, /A K7l

10



VE (27 —7UEA), mRNA, LAR—Z 3G Ly 7 = T —BIGEE) oA
ZBEE L7z (Fig.7), B A Fovd 7ol Uoid, Mo LT, UU03
A% CIXOd 0 1.3 FOHMEIEN, 7, 14 BRIZIIHFFHFAEEICHEM L (Fx, 2.1
. 8.41% Fig.7TA), A FuivdF 7o) vEEHL T, Vo7 =7 —PiEMix, b7
M3 HHETHARFICER L, 7,14 HR L ReHREICE> T EF L7 (%%, 655, 9.5
%, Fig.7B), —7#. al(D) collagen mRNA (X, 8 HH T5.7f#IC EH L, Vo7 =7 —F
EELFEBREDO EAREARLEZN, THHTE—ZI1CEL (19f%). 14 A B TOHEMEFIX
125 C, THEHLY bIKEEZR L (Fig.7C), 1B a7 —7 03, al 24K L a244 1
AR CEZEHBIEME 2 R T 54, a2 85D mRNA FBH G FEM L7228, a2(D) collagen
mRNA (%, al(I) collagen mRNA & {Ll7= 5Bl "% — > %R L7z (Fig.7D), #Hli#ifE % i@
LT, M7 =T —BiEHEE N, Fexv 7 al) U BEO EFRIITEOHEBENRD S
7= (r=0.91, Fig. 7TE), L2>L722 5, al(D collagen mRNA (X, A X 7l v
EEPREOHBE LR E o7z (r=0.62, Fig.7F),

A. DNA construct of Col1al-Luc

B. DNA construct of Col1a2-Luc

Collal Lambda PS Lambda DASH Il
i Automatic subcloning Nod Col:la2 Notl
________________ N eI subcloning :
S s e
PCR 4 ’ PCR .
Y Hindlll
Miul LAatt P, Xhol Kpnl  Xhol "
14.3k_, EcoIR\.I' Aatll +0.4Kb Notl P i N:t;kb
- ) +4q,
123 J 9.3kb
“LTA cloning TA C'°“i"9,-""'-. ™ cloning.]_‘.-"
N Kpnl v o
Ml ECORV Aati E Xhol Xhol Hindlll
- Aatll N Xhol :
Xhol
i Kpnl | Hindlll -,
) N
' “: uc .
5 1 recloning
Miul Xho! h j Y K
Xhol "y : ? Xhol Hindlll
: % Kpnl
Miul EcoRV Aatll yp,q) ; H Kpni
'—”C —H— EcoRV; iXROl e g
__________ Aatll } J
) recloning:;" ue
uc Crecloning [kpnt  YXhol Hingm

% - (kb)
Aatll ypo1
T

12

3

Luc a4

2

) uc 1

Fig. 4. Schematic diagram of the procedure to construct plasmids containing the 5’-

Miul EcoRV
T

flanking region of al(I) collagen or a2(I) collagen with luciferase.

A construction of 5-flanking region of al(I) collagen-luciferase (Collal-Luc) plasmid.
Lane M, lambda HindIII DNA markers; lane 1, no digestion of the constructed Collal-
Luc plasmid; lane 2, Aatll digestion of the constructed Collal-Luc plasmid; lane 3,
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Aatll/EcoRV double digestion of the constructed Collal-Luc plasmid. B: construction of
5-flanking region of a2(I) collagen-luciferase (Colla2-Luc) plasmid. Lane M, perfect
DNA markers, 0.1-12 kbp (Novagen, Madison, WI); lane 1, no digestion of the
constructed Colla2-Luc plasmid; lane 2, Kpnl digestion of the constructed Colla2-Luc
plasmid; lane 3, Kpnl/Xhol double digestion of the constructed Colla2-Luc plasmid.

A  Coltal-Luc (16.5kb)

Xbal
Notl Mlul XholNcol %all
(V7777777722277 A [ |
GCCTGGTC GGGTCTAG
14247 +113
Asel Hpal

Xbal AsellHpal pggsitive cont.
#HMO# O#M #® (copies)
k)M TLTL TLTL 31030100

10 .
2 ,
3.

-

B Col1a2-Luc (9.8kb) . Neol. BamHI
Notl Kpnl Hindlll Xbal

GGTACCAA CGCTGGTG
+89

8.1 kp Balll BamHl

3.6 kb Hincll _ Hincll

Positive cont.

: Bguy __{copies)
(kb) M Hincll Hpalg b 3790 30 100
10 ;

73

Fig. 5. Diagrams of transgenes and Southern blot analysis.
A: DNA constructs of Collal-Luc transgenic (Tg) rat and Colla2-Luc Tg rat. The solid

box, the open box, the hatched box, and the cross-hatched box represent the luciferase
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gene, the vector sequence, the 5-flanking region of rat a1(I) collagen, and the 5’
flanking region of rat a2(I) collagen, respectively. B: Southern blot analysis of Collal-
Luc Tg rat and Colla2-Luc Tg rat using the samples of early generation. 453—5 and
455-2, 2 lines of Collal-Luc Tg rat; FO, founder; F3, F5, and F7, 3rd, 5th, and 7th
generation of FO, respectively; #1 and #2, sample number. C: Southern blot analysis of
Collal-Luc Tg rat using the samples of late generation. T, tail sample; L, liver sample;
M, NEB 1-kb ladder (New England BioLabs, Beverly, MA); positive control, Ncol/HincII
digest of pGV-B2 vector; #1 and #2, sample number.

Table 1. Tissue hydroxyproline content and luciferase activity

Tissue Hydroxyproline Luciferase activity (pg/mg protein)
(ng/mg tissue) Collal-Luc Colla2-Luc

Heart 0.96 540 2.0

Liver 0.29 68 2.1

Kidney 0.64 580 1.5

Lung 2.7 4,200 39

Tail 9.9 59,000 990

Values of hydroxyproline are expressed as the mean of 4 female Wistar rats at 6 wk of
age. Values of the luciferase activities in Collal-Luc Tg rats are expressed as the mean
of 3 female rats at 7 wk of age. Values of the luciferase activities in Colla2-Luc Tg rats

are expressed as the mean of 1 male and 2 female rats at 5 wk of age.

Table 2. al(I) Collagen mRNA and luciferase activity in primary cultured cells

Cell Collal/ B -actin Luciferase activity
MRNA (pg/mg protein)
Collal-Luc
Hepatocyte 1.0 990
VSMC 1,300 55,000
Fibroblast 820 25,000

Values of mRNA expression and luciferase activity are expressed as the mean of 3—5
replicates. Hepatocytes were isolated by the collagenase perfusion method, and the
experiment was performed at primary cultures (P1). Vascular smooth muscle cells
(VSMC) and fibroblasts were isolated by the explant method from aorta and skin,
respectively, and the experiment was performed at P1 (fibroblasts) or P2 (VSMC).
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A Col1al-Luc Tg rat B Col1a2-Luc Tg rat c Col1al-Luc Tg rat
VSMC
= 6 = 3.5- _60
2 & . = =0.0408 x-1.60 *
2 5 s 3.0 oTail 50" =007
o Tail 2 s .
: 4-// 5 2] =40
3 Lung = 2.0 =
= Kj J = E30
< Kndny Heart 5 1.54 ung =y + Fibroblast
2 Liver 21 y=184x+288 — Kidney 10/ Y~ 1.92 x t%gl,; E 20
14 r=0.99 . 0.5 r==u = 10
Liver 4 1 Heart & Hepatocyte
T T T T 1 T T T 1 ] 0 T T 1
10 05 00 05 10 15 -1.0 _6'_5 0.0 05 1.0 15 3 T 500 1,000 1,500
Logsp (Hydroxyproline) Logsp (Hydroxyproline) Col1al/p-actin mRNA

Fig. 6. Correlation between luciferase activity and hydroxyproline in tissues (A and B)
or mRNA in primary cultured cells (C).

A: Collal-Luc Tg rat. B: Colla2-Luc Tg rat. Detailed values and experimental animal
data are described in Table 1. C: primary cultured cells of Collal-Luc Tg rat. Detailed

values and experimental data are described in Table 2.
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Fig. 7. Correlation between hydroxyproline and luciferase activity or a1(I) collagen
mRNA level in the unilateral ureteral obstruction (UUO) model.

Male Collal-Luc Tg rats at 10 wk of age were subjected to UUO or sham operation and
killed 0, 3, 7, or 14 days after UUO. A: hydroxyproline. B: luciferase activity. C: al1(I)
collagen mRNA using B-actin as an internal standard. D: a2(I) collagen mRNA using B-
actin as an internal standard. E: correlation between hydroxyproline and luciferase
activity. F: correlation between hydroxyproline and al(I) collagen mRNA. Values are
means + S.E. expressed as the ratio of the obstructed kidney to the contralateral

normal kidney of 3—5 rats. **P < 0.01, ***P < 0.001 vs. day 0 (sham-operated control).
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B a5 — L LR—F—EF <7 ZDIER

Zy FEHEBELT, vV RTBBEFREBMOFEN L, TN6DO~YT X LLZRT S
FIZK Y, BHEIED A T = X LEHTIGHTTRE Ch HEDOFENH D, EEE, [HaT—
o 2805 BN —F R T VAT 2=y s L LIR— 4 —~ 7 ARBRICHA
INTWD(M, LnLARs, BEFOBEREERF ThHLT A=t Lo —
X, B EWRBEIRLSMC, A Fr VEICBFIET O ERHON TV DLENDL, K0 AKRN
DEEGIEMZ KR LT VAR —F =7 v A Re T 51213, REREO 6 DR T %
ZTOFEEFHTHIERLEE LWV EEBZX LN, £22C, ALK LD IR T =50 3-
UTR (untranslated region) (Z IRES (internal ribosome entry site) &/ 7 =7 —F
ZEWIZDNA 22 N7 7 M EMEREL 2 L7 knock-in ¥ 7 A (Col-Luc KI v 7 X)
ZERL L7,

EBAE & EBRITTE

B

ETOBYERIIE — =4 ) EBREWITA KT A > TERi L7z, Collal-
IRES-Luc KI ¥ 7 A I~T m #EA M CHABR 72 /iR L TEIE L 7=, C57BL/6N v U
Z8EILLE, RIREZEL, 2 Y=y 7Ll 7 LA ~A > U RiRMEE O it
Wi, 5 14 Bl oD KT~ v A& Az, FHlfkick T oy 72T —BEE A R
X7 m ) EOHBICET 2 MFHIIE, 14 8OO KI~ v 2% iz, B
12 BEf YA 7 VOMRATF, =|iE 23+ 3C, XL v MICHHBBE., BHBKOIRIET, fidl
BHLT,

KI-targeting construct

~ U A Collal ® 3-UTR, $7abH, A by 7a NroOE TIZ, IRES2 (Clontech,
Mountain View, CA, USA), BX O, /L¥ 7 =7 —+F (TOYO B-Net, Tokyo, Japan) %
HiE L3 A N7 7 M AR/ T 54, IRES-Luc-targeting construct = 7 %1 > L
7= (Fig.8A), Embryonic stem (ES) #ifidd " / A DNA #8812 LT, 5-GCTAGC
TTT ACA CGAAGC AGG CAG GGC CAATG-3', BXUV, 5-GTC GAC GGC TTT TTC
AAG TCAAGATCTAACACACT-3D 774 ~—& > N TPCR #Hji 5% T, 2.5kb
® PCR EEW %157, = @ PCR EW % pBluescript-MCA/DTA (2% 7 /7 n—=227 L CH
5| % 8 1% . Kl-targeting construct @ 5 arm & L C. construct @ 5/{Z ligation L
7=, [FEkIC, ESHfaD s 7 A DNA ##8i2 LC, 5-GTC GACACT CCC TCCACC
CCAATC TGG TTC CCT-3', BL U, 5-TCT CCTAGG GTT TCA CAACTT CCT TTA
G3D7T7A4~—ty FTPCR % ET 5HE T, 8.0kb D PCREMEHIZ, ZD PCR
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FEY) % pBluescript-MCA/DTA (2% 7 7 v —=" 7 L TEAI % #Eg8 % . Kl-targeting
construct ® 3 arm & L T, construct @ 3T ligation L7z,

Collal-IRES-Luc KI + 7 2 D E#Y

129S6/SvEvTac ~ 7 AH 3k ES #ifid (PhoenixBio, Higashi-Hiroshima, Japan) (%. &
IERRHE AN 2 feeder & LT, #l#t 2 leukemia inhibitory factor % & A7-—#&1 72 ES
FHAELS s ¥ L7-, Kl-targeting construct # =L 7 frARl—2 a3 I TRT AT
=7 varl, GAI8IED 7 m— 2B L7, B L7 Y (ISARRIIR 2 238 2 - T
WHIDERT D%, K7 a—rhb s 7 A DNA ZHEEL, Kpnl ClllREEEQLER, Y
Y7y T e Le (Fig.8B, M), A by 7= Funb ki 3.5 kb IZAZE S
HiEE 77 A ~—% > (5-CTA GAT GAA GGC TAA GTAATCACT-3', 5-ACC TTT
AAT CCC AGC ACT AAG GAA-3) T L., 5 5417- 848 bp O PCR lEW & 7
Ry T 4707 —7L LTHW, ELWHERBX NRTE s m— Tk L
C. phosphoglycerine kinase-neomycin marker cassette Z =3 5%, Cre H~7 X
—& NTU ATl varth, GAI8 RERHITH#E L=, &iZ, C57BL/6N ~ 7 2 D
M ESHIRE A >y =2 va L, BIREE CD-1 ~ U AICBHE LTz, FEFOX
AT TANE I IPOPEITEATERM L, B0 7 v— @R EFEROFIEICT, #E
PO RS T VD 7 7 - DNA Z Kpnl U8 L T, HHFEKAHE 2 OMERZ1T 72, £70.
neo cassette 2RI SN TV O HLMRT 5%, 7/ & DNA % Pstl/Hincll 8 L 7%,
Luc probe CTHH o7 av7r 4> 7 %iT-7 (Fig.8B, flX), a2y ==y 7{tD%,
FO~ v A% 8 titfRLL L, C57BL/6N v o A & & LASK & ol L7z,

Time course of luciferase activity in the UUO model

20D ) v 7 A = U AR W TRREZIT o7z, FHE N=5-6 TEJE L7=, UUO
FNIEREE 2 7 P, fES S LT, UUOALE, 0,3,7, 14 H HIZ~ 7 A% sacrifice
L. UUO B, FHHiSOBONY T =7 —BIEMEZHIE L, i S OBICx+ % UUO B
DIV T =27 —BOMERE Lz, Day 0 13&TH Liz8yz Hviz, oz o
Collal-Luc Tg rat ®fElx Fig. 7 # &% L7z,

FBRBLUOELE

[ aZ =5 al HORBLZ RE R < FHlivge/s~ 7 A 2{Fil4 2%, IRES ©
Knock-in #fiZFH LT, IRESOHNZ [T —7 al $H, ALY T =T —EE
BT ERE LAY —7y b X —%TH A Lz (Fig.8A), IRES #HW\5% &, ZDH]
BIHESNTCEBLRTFEZ M YA r=y 721250 mRNADGRERS D%, [F Ui
BT, fiEOBEFPBEEINDIFIIRD, A~ A ¥ UIEEE 7 OIERER ~ —
H—J1ty NeE A2 IRES-LucDNA 2 A N5 7 &~ A Collal DA kv 73 Ry
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OE FICHERHZ Uiz, Z OFRERRIR~ — 7 —%, T 286 - BB R L2 &
FETEWVIHHRE (9) BHDOT, MM ZICBREHKDER, A4~ A v U mittEEs
FDIFFIZ LoxP L2 BliE LT, BRI N7 ESHIZ Crex N T AT =7
Tar T LHET, xAYA VUMMERBEFERELE, Cre 2 N7 AT/ va Lz
ra—rEWERIIZA Yz aryl, 77 rF— (FO) L LTHDODX AT~ A%
iz, B FUEBN A TV OB - TEE SN D FN D, AFEMIRS~Es
T Z STV D HEEER LT, FOEMOS ) 5 DNA Z%¥ 7 vy M L7k
£, IRES-Luc AL 2 S TWAHH, w7 X Collal locus BRFINTWHH, B
FO A~ A U UMMERE T2y MBRBRESR TS FERMR S (Fig.8B),

e OFAME (B, B, KREMR, Ok, BWE. IFIED IconW T, v 7 = 7 —BiEHEHE
Eng FrFxora ) oEEFE LSRR, ESCKEIRE, 27 —7 U E@omm Ok
T, MWWy 7 =7 —BEHEEZ R L7z (Table 3), F72, V7 =7 —EIEME &
A ReFr 7ol CEICEWVHRB NS 2 F 2R L. (Fig9)., ZHOLOMENL, A~
VALBFTHNVY T 27— BIEEEX, 27— U EAORIEE L THEHAEE X b,

AT EAE, ATEO B CTH HMHMIET T VORI 2B CX 208 2 EREET 5
2. UUO model ZfAWVT, A Faxi 7l & L7 =7 —BiEEEOREZEL
ZiBbr L7= (Fig.10), s, %77 7 O4MIZ Collal-Luec Tg 7 » k& W =EED
EZzrL7= (Fig.7 M), Collal-IRES-Luc KI v~V AD /A FuXx 7l &0 LR
L (UUOB /= hr—)L8) |Z, Day 3, Day 7. Day 14 T& %, 1.2%. 1.8f%. 2.5
fECho7 (Fig.10B), —JF., Vv 7 =7 —BEMEDO EH3%, Day 3. Day 7. Day 14
TH L, 13115, 25.6f%, 5lLAf5THY, NA FrXo 7l VBT, BEICH
W ERREZRLE (Fig.10A), AHOFFENS, Collal-IRES-Luc KI ~ 7 2% H\\ 55
L0, B LOBEMEMENAREEZEx bz, KI~UAE Tg 7 v h T, A Fafy
7l B0 FFMERIC, EUEE, EiFAHonkroe (Fig.1l0B), Vo7 =7 —8
EED ERRIL, Tg o7y LT, KI~ 7 XA THEICHEA2 =L (Fig.10A), KI
YURE, EDOVAT LR, VIR—Z B FORBEGEIC, [Ha T - al Ho®
TofEEk (5L, 3T, =7V, A buy) OEGEHENT (Faet—F—, =
o= AL t—) BRIET 5%, ARFHOERITIIVARITENEEZLND
. Tg 7 v MI, BaFEALRL S LREO O GIEMZ R L T\ 5, SOk
mo, 13T —5 0 ol SHOFBHIENCIT, 5 RSN b BB EFAICH ST 55
NSTFAET D FEDRIB ST,
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Targeting construct loxP IRES-luc
1
Wt gene [Stop]
HHHHHHH
| |
K = 5' probe K
¥ e7m "

Recombinant gene l homologous recombination

x 1
neo
I I u
K P K H
Cre recombination
Knockin: gene [Stop] IRES-luc l
1
HHHHEE
K P K - H
B T TR =
4.2kb

B SIL SIL #f% 4]% o4 4L L ST S/L w4 )% w[4 4L oL

67kb )

3.7kb ) a2k p

v

Fig. 8. Homologous recombination scheme of the IRES-Luc construct into the 3'-UTR of
the Collal locus.

(A) A linearized Collal-targeting construct was transfected into mouse embryonic stem
cells. The circular Cre (encodes Cre recombinase) expression plasmid was transiently
transfected into homozygously recombined clones to remove the phosphoglycerate
kinase-neomycin marker cassette. Through Cre activity, the floxed neo (encodes
neomycin) selection cassette was deleted, resulting in the knock-in Collal allele. (B)
Homologous and Cre recombinations in FO (first filial generation) mice were confirmed
by Southern blot analyses with 5" flanking and luc probes. The 5 flanking probe (left
panel) detects the 6.7-kb wild-type and 3.7-kb targeted fragments. The luc probe (right
panel) detects a 4.2-kb targeted fragment.+ indicates wild-type (Wt); L indicates the luc
knock-in allele. K, P, or H represents the enzyme restriction site for Kpnl, Pstl, or

Hincll, respectively.
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Table 3. Luciferase activity and hydroxyproline content in various tissues of Collal-
IRES-Luc KI mice.

Relative luciferaseact. Hydroxyproline

(Lung=1) (Mg/mgtissue)
Liver 0.018+0.0019 0.39+0.016
Heart 0.10+ 0.0087 1.4+ 0.064
Kidney 0.078+0.0045 1.8+ 0.098
Lung 1.0+ 0.099 7.0+ 0.32
Aorta 1.4+ 0.10 18.5+ 3.8
Skin 3.4+ 0.31 19.3+1.5

Data are calculated as the luciferase activity relative to the lung (Lung = 1) and then

expressed as means + S.E. for five female Collal-IRES-Luc KI mice aged 14 weeks.

1 .

"
2 i Skine
|
-
a3 Lung/o Aorta
g L 1 ‘ ]
E -0.5 0 1.5
=
[&]
-
-
S
E -1
Q
x
g [ R* = 0.96
|

Liver

2L
Log,, (Hydroxyproline, pg/mgtissue)

Fig. 9. Correlation between luciferase activity and hydroxyproline content in several
tissues of Collal-IRES-Luc KI mice.
Five female Collal-IRES-Luc KI mice aged 14 weeks were used. R2 is the square of

Pearson's correlation coefficient R.
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Fig. 10. Time course of luciferase activity (A) and hydroxyproline (B) in the UUO
model.

UUO operation was performed at Day 0. Luciferase activity is shown in the left panel
(A) and hydroxyproline content is shown in the right panel (B) at Day 0, 3, 7 and 14
after UUOQ. Values are shown as the relative expressions of UUO kidneys to
contralateral kidneys. Values are expressed as the means + S.E. of five to six male

Collal-IRES-Luc knock-in mice at the age of 20 week-old.
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o LA EHEHMEFREREMET L E LT, AT U LR —F —FEA L
Collal-Luc Tg 7 v b, BXW, Colla2-Luc Tg 7 v h&/ERL L 7=, &KHfkICBITS
N7 =7 —ElE%I Collal-Luc Tg 7 v N E L, EEHE NS Collal-Luc Tg
Ty MNeFHiET L E LTERA L,

o ML AFEHRHMERTREREMET L E LT, 27— U LR — X —EEA LT
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o B#EET AL (UUOET V) HWTC, LROETALEYR, o vafn
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% : ALK5 FREHI ORI FHFE

PEIRIAVEBE & BM R ERIAE R I, BITEARKEEDOE L LHE M TH Y BEENR
ZWRBTH D, PERPIPEBIEISHERFIC > TEZDBRETH D%, FERWEEZIERT
D E WO IR ZRIERIER & D05 1BMRERIEE RITRE DS ZILIZHE Y . A7 653D
DIRNENS | EREORBNEEN TV DHEEHEE TH D, EBHRERARERIZIL, IgA
EORE, MRPRREFE, MREMEEGEMERE I8 . SOHEITADRERIKE R ERA RBR P B D, K%
JRENE R A2 203, SRERIROBRHELIRZ CTh 2 R ERIREEL 24 U, SRERIAHEREDMlGHE L .
FROLH 72 AIRFSIE . RS PRS2 = LT, AR RS E MM L & v D 3
OIFRREEITIBRE 2L 5, ML EANT, @S2 7 = o O RERIREE(L & RN [ R
HAL DT TIZEN 2 R AlREVED D D 2. ARIMERHIfF SN D, ZHE T, ALKS FHEH
DB D HPRMELERICBI L T, UUO T L COWEILH D28 (10), /& Thyl B
RET IV (BHRIREBFRET V) CORETLRINTWRY, 72, BEFOHURHME LA
& L CiX, Pirfenidone <> Nintedanib 73 FifHERE 256 i & LU CHGR SAL TV DA, HKA)
i, RVERTTE D OFRE S 2V, TGF-B 1L##Et. key mediator T %%, TGF-B % [H
ETLH T, BOFURMEER DRI CE 2, U EO#ENG TGF-8 D> 7 F /)L Z ik
3% ALK5 (TGF-B type I receptor) FHEAIDAIHMZE A Fha L 7=,

F—fi : R-268712 (ALKS5 FHEA]) OfiE, in vitro &k, PK 7 —#

EBM B L EBRT

B

YO EEIL, il OFEEIZE -7, WKY/Hos 7 v b IXEEKERENM R E T
(Saitama, Japan) 7»HEEAL7-, Collal-LucTg 7 v M., iz TER L=H 0% Hn

72

ALKS5 ¥ —EEHERIE

t b ALK5 filaiN 5 —+F¥ K A A > (ALK5-KD; amino acids 200-504) % pGST-PSP
vector (generated from commercially available vector with CMV promoter) (27 12 —=
7 L1z, ALK5-KD/pGST-PSP vector % Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) ZHWT, 293-TH#ilC hT > A7 =2 a2 LT, Whole cell lysate 7> 5,
GST /%% v b (GE Healthcare, Piscataway, NJ, USA). ¥ L0}, PreScission
protease digestion (GE Healthcare, Piscataway, NJ, USA) % H\ T, ALK5-KD &H

FR® L7, EE LT, & b Smad3 % pGEX-6P-1 vector (GE Healthcare,
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Piscataway, NJ, USA) @ GST iif#ic7 v—=r7 L, TOP10 = &7 &/ (Life
Technologies, Carlsbad, CA, USA) |[Z 7 A7 =7 a v Lz, KIHEE% 0.2 mM
isopropyl B-D-1-thiogalactopyranoside (IPTG) % & A72 LB 5T, 28°C. 8 FEfilks2E
T 5HF T, GST-Smad3 @l A EHZ KB W72, GST-Smad3 flHE H % GST Flash plate

(PerkinElmer) (2 4C, —WiA > F2~X— KL THE IE7%. Tris-buffered saline

(TBS) THeip#fE% Fhi L7-, ALK5-KD &{b&a#)% Ktk (50 mM HEPES
containing 5 mM MgClz, 1 mM CaClz, 1 mM DTT, 1 mM NakF, 2 pM ATP, and 0.005
nCi/ul [y-38PI-ATP) (2 AT, 30C. 150 31 v Fa— MRIZ, yBPEZ T L—
var v Z—TCHETHET, ALK, ¥ —BHEIEMEA RN L7z, GRS LT
X, 82P LR LT, B RAAF =X T LLLTER, M2 10 ARE V- 33P 2
W,

TGF-beta reporter assay

p3TPvector # F 7 A7 =2 h L7 MvlLufifii%d 96 7 =/ 7 L — MNMIHEREL |
DMEM/10% FCS £5H1C confluent (2725 F T CO2 4 ¥ F 2 _X—F —Ths& L7, i
15 DMEM 5 HUZERHLASHA U, (LB A2 RN 15 53712, TGF-beta & #4J2 £ 1 ng/mL &
AR WINL7z, 6 Refik5#E1%12., DMEM/10% FCS K HIIZ K5 HIZZ#HL L, steady Glo %
wntg. BICEZRE LT,

p38682 MAP ) —EigHHlE
p3862 MAP %+ —YPLEEMEIL, filkd* >~ ;b (MolecularDevices) % W CHIE L
7

R-268712 ©7 v k PK (E¥BHHE)

R-268712 I 0.5% sodium carboxymethyl cellulose (CMC) (28 # %, 0.3, 1, 3, 10
mg/kg DHET, Yo7 %MW T WKY/Hos 7 v MG Lz, #5 05,1, 2, 4, 6,
24 RIS, A Y 7T R T CL SERIRD DRI 2 20 U 72, A SR B 1T
API4000 liquid chromatography—tandem mass spectrometry (LC-MS/MS) CillliE L 7=,
PK /XT A—%—%, fi#Hr> 7 b Biobook (ID Business Solutions Ltd.) % FV TS50 L
7=

MRB I OB

JRHEE T VORI ARV E . D) RERMMEMENR LD, 2) HFRO T 4 — FA
> Z AR 323000 | FFEREB 2N BT 5 OB T D 4. FHRHEE T L &5
fili7 v —ICHAAA T FiE, AISEAFZE 2 PHRICHEIT T2 E T E B o b, Z Okl
BnG, ARl 27— UiR—%—%HWEHEHEE T VA EE L, ALKS [HLEHRIO
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BIZERFZE ORI 7 v —ICHAA A TS (Fig.1l), REET VIEBE Ao o A3
% Thyl HUEIZ %9 250 Thyl Hifkz#5 L T, REREBRERIESELET L TH D
D, ¥ TAAY X T AMIRICIE Thyl FURSRBELL TV 72, < 7 AZHL Thyl Hifk
ZRELTH, REREERITIBIE LR, £/, 7y e~ TR EEROKRE I DR B
0. FEYOREH - PR N R 5%, FEET TV EEM in vivo ET LV OENMREIL, [F
CICTHENREELNEBZ DN, > T, F—ETTI v FevTVRADVR—F—T v
AW EER LN, i invivoET /L E LT, Ty FLR—Z—T v A @851
A L7-, ALK5 [HEANL., £4 . p38MAP kinase [HEHIH HIRE LTRSS HEAW TH
D . TGF-beta type I receptor (ALK5) O#ifaN Ser/Thr domain @V gl % [HE 3
LDEMEHRT 5. GSKHED3Je1T L CRIBEFE 2D T e GSK thbrar ke o i
5. KNIREED RAF T, in vivo TOFZNHIFFHRZ 5 72 SB-431542 2 V) — NMba M &
LC, s8R % I L7, R-268712: 2-[4-[2-fluoro-5-[3-(6-methylpyridine-2-y1)-1H-
pyrazol-4-yl] phenyll] pyrazol-1-yl] ethanol %, SB-431542 » 5 BEMRER L CTE O
pyrazole FHEALTH 5 (Fig.12), R-268712 ® ALK5 FLEEM (ICs0) 1. FEFITE <
(ICs0=2.5nM) ., FHEMREFD Y — MeEW & L THWZ SB-431542  (ICs0 = 96
nM) KV 40 F5. BAORIMEHEZA T 52F 2L L7 (Table 4), ALKS5 FHEAIIX, p38
MAP % —VPIHER 2 B4 L - li 28> % . R-268712, B L1}, SB-431542 Difi{t,
G L B9V p38 MAP ¥+ —BIEEMZ AT 25 (ICs0 134 4. 12.1 pM, 15.3
pM) . R-268712 1% ALKS5 FLFEIGMEN TR 72 o724y, - —B& PRI E L7 (Table
4), R-268712 OFEWENREAFAL T 2 2. RUFEDFHEE T v (A% Thyl BRET /L)
DR TH 5 WKY/Hos 7 > M2, 0.3,1,3, 10 mg/kg D 4 F &% HERRO#&SE L,
i P B A R HIE L7 (Fig.13), ALKS FHLEEME, BE O PKT—#7 5, R-
268712 13 1 mg/kg OR ARG THAOREDEZRTEEZ LN, ZOMRIPWE LT, R-
268712 O HEHfER TD in vitro IEMEIL, AR D ICs0 = 2.5 nM TH S 25, MvliLu (X &~
7 ) MRz AWz p3TP LiR— 4% —7 w4 (TGF-beta reporter assay) T ICso =
17nM Toh >7- (Table 4), 0.3 mg/kg # 7 v MIEEFE L7ZBRIZ, 17 nM & HEFFHIKR 5 FF
X, K6 TH LA, —HO U4 L EZRSRWEEZ BN, —F. 1 mgkg
OIEFE R TIEL, 9 20 K<, 17 oM MRtk 2%, +oRdiEshz2 "4 B2 6N
77
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L& MERETO—

Kinase:Z R4 (ALK5/p38)

TGF-beta reporter assay

!

ZvkPK

!

55 #in vivo screening

Effin vivolEEET L

Fig. 11. Assay flow for development of ALKS5 inhibitor.

Fig. 12. The chemical structure of R-268712.
R-268712 is a pyrazole derivative and a specific inhibitor of ALKS5.

Table 4. In vitro inhibitory activities of ALK5 inhibitors.

R-268712 SB-431542
ALKS kinase 2.5 96
TGF-beta reporter
(Mv1Lu-p3TP) 7 200
p38MAP kinase 12100 15300

Data shown are ICso values (nM)
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== 0.3 mg/kg (AUC: 0.075 ug-h/mL)

1 mg/kg (AUC: 0.28 ug-h/mL)
=+~ 3 mg/kg (AUC: 1.6 pg-h/mL)

==10mg/kg (AUC: 8.2 ug-h/mL)

Concentration (V)
N

0O 4 8 12 16 20 24
Time after Admin. (hr)

Fig. 13. Pharmacokinetic profile of R-268712 after a single oral dose in rats.
R-268712 was suspended in 0.5% CMC and dosed at 0.3, 1, 3, and 10 mg/kg in male
WKY/Hos rats. The plasma concentration of R-268712 is expressed as the mean = S.E.

for data from 4 rats.

B BRAE R ERMELE T ISR 5 ALKS BLEH O IR

EBM B L EBRT

N7 27 —BESHEIE, "M Fedr7rnl) VER
A B (ZFEd D 7RIS T3 e L=,

7 v b UUO (Unilateral ureteral obstruction) €5 /L

Figure 14 Tl¥, 13-14 BEDOMED Collal-Luc Tg 7 » b & 10 BEIZ0), 1BEHT-0 5
VD Z v b &M, Figure 15 TiX, 10-14 HsDHED Collal-Luc Tg 7 » k% 4 LI
S 1EEHZD 5-6 LD T v M & MWz, UUO LEIXRTED FIEICE>T-, {LAaWiX
0.5% CMC TE#E%, 1,3, 10 mgkg ODHET—H—FfR&O&EE Lz, &58EIZUTUO
A_ETHND, EHFTH O 4 A& Lz, UUO ALE 3 HEZICAEAI L, B>~
= 7 —BIEMEEZFHE L7z, Vehicle B£1E 0.5% CMC % $¢5- L7z, Control {Zi%, Vehicle #%
DI EEE & T,

WREHAEAT
RITFEICREH D 7B IS TNz L 72,

26



MRB I OB
In vitro {ftE, L, PK 7 —4 H D&k SNz —#OFERICK LT, FHFEmET
JUZ X % in vivo screening % % L 7=, Collal-Luc Tg 7 v MZ UUOALE L., 3 HLIZ
iRl L C, By 7 =7 —BIEMAZRE L, SUSHERIER 23 L7, Y — FMea o
GSK t: SB-431542 & i L T, EHEOMEWTY — Meaz LR 5392 R L
(Fig.14), RHI-3255 (%™ R-268712) (X, —1#® in vivo screening T b iR HLHRAE
LVER %R LIz, AEEE-> T, SOICEHAETERZRT 0 MRE L7z, R268712
1%, 1, 3, 10 mg/kg TH %, 45%. 57%. 62%DMEIWEM 2R L, W EEAIHIRHE
fEH %~ L1z (Fig.15),

Luciferase activity
(ng/mg protein)

Cont. Veh. 10 30 10 10 10 10 10 10 10 (mg/kg)
SB-431542 3235 3239 3252 3253 3254 3255 3275
RHI-

Fig. 14. In vivo screening of ALLK5 inhibitor in a short-term assay of Collal-Luc Tg rat
UUO model.

A series of ALK5 derivatives are evaluated in the short-term assay in the UUO model
using Collal-Luc Tg rats. UUO operation was performed on Collal-Luc Tg rats. After
3 days, luciferase activity of UUO kidney was measured and corrected to the total
protein concentration. Compounds were administered orally once daily for 3 days from
a day before UUO operation. Vehicle group was administered with sodium
carboxymethylcellulose. SB-431542 is an ALK5 inhibitor developed by GSK. RHI
compound is a series of derivatives derived from SB-431542. RHI-3255 is identical to R-
268712. Values are expressed as the means + S.E. of five female Tg rats in each group
aged 13 to 14 weeks.
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Luciferase activity
(hg/mg protein)
[+ ]
—
*
*
*

(0

Contra- Veh. 1 3 10
lateral (UUO R-268712
kidney kidney) (malkg)

Fig. 15. The renal antifibrotic effect of R-268712 in the UUO renal fibrosis model.
10-14-week-old male Collal-LucTg rats were subjected to UUO and sacrificed 3 days
later. R-268712 was orally administered 1 day before UUO preparation and every day
thereafter. Vehicle group: obstructed kidney of vehicle-treated rats and other groups:
obstructed kidney of compound-treated rats. The contralateral kidney of the vehicle
group was used as the comparator value for calculations. Values shown are means +
S.E. for 5-6 rats. The symbol ### indicates the statistical significance of P < 0.001
compared to the contralateral kidney. The symbol of a single asterisk, or two asterisks
indicates the statistical significance of P < 0.05 or P < 0.01 compared to the vehicle

group, respectively.

B BMREREB T T KT B R-268712 DIELNFAR

EBE L EBRGYE

EBIT IRETICD 4 FECTEfE LTz, 48 OREM: WKY/Hos 7 » MZXF LT, A4 Y 7V
T OB TR AR Lc, BRI 1EERIC, Y 7T U T T 5 Thy-1 6t
{& (clone OX-7, Millipore, CBL1500-K) % 1 mg/kg D5 & CHERM L& G LTz,
Control FEIX[FIA & D saline 5 L7z, R-268712 1%, 0.5% CMC ([Zf&#1%, 0.3, 1
mg/kg DHETRAOF L L7z, Control B, 3K U*, Vehicle #EIZIZFAIZAED 0.5% CMC
kO PG Lic, (bEWIE, LB G Y ANOMEAF A £, ARG EZFEm L, KT
oA DY T T DA, PLThy- 15 H% Day 0 & LT, Day-3 (7 Lff), Day
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5. Day 11, Day 21, Day 2812, 7 v M &/ — 1T A L, 24 IFRIEE IR & it L 7=,
7 v M, HiThy-1 Hifki5 33 ARICMEI L7z, 4 Y 70T VRBEF T, 7 v MBliEE
PBS Ci#pi L7z, 7 v MNBlEE 10%F /v~ U AREE GREEEIRH) . F70%, miRER
THRE L, AR E T-80°CRIFE L7 (Bt i),

SRERRE{LFEE (Glomerular sclerosis index: GSI) D FEAf

T~ U UHEE LB E T 7 4 e L, MO AER L, WEICRES T
PAM (periodic acid silver methenamine) ¥:f4 L. JHEEFEAMA 5806 L7, GSI A= 71k
1%, Raiji &0 HiE (11) 126V, 50 [HOAEREDO LM THEE Lz, 1EOARRKICEH
W, BEIRZED ED L HEEE LT, B{LRAERRO bbb DE A a7 0, LHE
DHEFEN 0-25%D b D& A 27T 1, WLHREDHFED 25-50% Db DE AT 2, HLHE
DHEFED 50-75% Db D% A =7 3, W{LHEDEFED T5% U LD DEZaT 4 L L
77

RERSHHEDORIE

JRPEAYEESEOFNIX, e b7 a—a 141y ME (SysmexCorp.) (2 T3HEfE L
Too YT NERIELROSSHE, WHELEAY X 241 7L I 7 A (Tokyo Boeki
Machinery) THIE L, AZ X — R —7ZHWTEIEN LTz, 4 Y ZAOFMEE (B
) T, JREZFLC T, 24 R ORI R L L OR LT,

mEs v7 F=VE

MY T, FESIREZ A Y 70T CRREE T CREFR) HEM L, 0B K-> T
ik % #57-, fMiEY 7 /L% N-Assay L CRE-K (Nittobo Medical) DK & Kt &+,
AU & 241 7L 2 7 A (Tokyo Boeki Machinery) TillE L7,

N Faexorral AR
ATEEIZFLE D FIEICWE- T, FEhe L7,

g ik A (e

BG LIZ B Z 6-7 nm OJESIZHYI L, BERIC 4%/ 37 AV LT VT e RTEE L
7o WIRIPED VA X —BIEMEIL, A%/ — /LT 3% b /KHEK & BOS S 55
THRIE S 72, 2.5%D normal horse serum (Vector Laboratories, Burlingame, CA) T
7u v X%, Pl desmin HUIK (clone D33, Abcam,Tokyo, Japan). F7=i%. il aSMA
Piik (clone 1A4, Abcam,Tokyo, Japan) ZiRIM L. =i, 1A > F=2X— L7, ¥
% #E?% . horseradish peroxidase %k 2 IkHi{A (Histofine Simple Stain MAXPO,
Nichirei Biosciences, Tokyo, Japan) Z# ML CTA > F=2X— L, WEEHEFRIEEZIT- 72,
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iz, DAB (3,3-diaminobenzidine, Nichirei Biosciences) TH S H%x 1T 72,
Haematoxylin TE; & xfbbirtatt, =& /) — /W KD MKERE, 3L I K DB HME
ATV, B AL, 20 ORERIKIZ W T, GSI & REED FIEIZTA a7 ka2 %k L7,

HESRHRIET v 241

5 IEDOHEME Collal-Luc Tg 7 » h7x6 Misra D 5k (12) (2L - T, SRERIRZ HEEL
7oo 7w NEBREET CHUMIZ X o TREFEI 7214, BlAE il Lo, KA RER,
PBS (2 Ty Lz, &I, —#HOY A D4 JE R sieving mesh (2 L7z, H£E 250 pm,
180 um, 150 pm D A v aZ @ L7k, 53 um DA v ¥ = BT - Tk Z RERIR & L
oo BMEITC. RMEOWIRIMNEE A LS RERIEDSER S QO D FA MR L
7z, SREKIKZ DMEM/0.2% FCS EiHUICRE L, 1 7 =L H72h | 150 725 200 SRERIK L
mBHKE, 96 V= LT L— NI LT, (LEWA DMSO T L, &7 =/LIZHEINL
7=o ALEWESHN 30 /3% 12, human TGF-81 (10 ng/ml, R&D Systems, Minneapolis,
MN) Z¥#ML7Z, 5% CO2, 37CD CO2 A > ¥ 2 ~\—H —T 48 el %, PBS Tt
# L. 50 pl ® GLO lysis buffer (Promega, Madison, WI) TRERIKZEME LT, 74 &
—MIH LT, V7 =T —BEHEIEZIT- 72,

HERHARAT
EIEANETE AW RS e q=Sy T By i

fo ks L OBE

ar Xy ya Sl Thyl BRET VI, BEARD—E@PETH Y, Thyl Hrisixs 18
M%ICIZBRIBE T 2 2R EKEBRET LV TH D, LU I+ U —RRiHERNS, 7
v FOFRF AR, ANV SBR TV D Wistar 7 v b2vS, WKY/Hos 7 v MMCZEFE L,
BICABEERMET2HEICL->T, 17 AL L FREARE 27 2 @MHRERIRE &£
FNOERLZEZh L 7= (data not shown),

ALK5 [EEME, PKT—4%, BLO, UUO T VOFEEMNS, R-268712 D5 &
Z. 0.3, 1mgkg ® 2 HEIZHEL. I8 Thyl BRE T MR 2 M 2 S hE L
7o THOHORETIE, AEREEEMIMGEZ 7733 (Fig.16) . IEEIEOMK T, 3
WAL REFTENMERIN 2 HORIERITRD bl o7z, Vehicle #TiE. Thyl
PUAE G 11 HBICEARNBE —ZIZEL, 28 HA TR EHRMBIEINT, R
268712 % 5-8f (1 mg/kg) TiL, Thyl Hulk# 5 21 HHS 28 A BIZT T, BAERE
FURDOIHIER 2B bl (Fig17), BEROEED 1 > THH M7 V7 F =i
I%. Thyl fuikiz 5 28 H H O Vehicle H# T, AEZR LA Z/7R LA, R-268712 58 (1
mg/kg) 1T, I ZFEFEHYH L~V E Tl L7z (Fig.18),

Thyl Hui# 5 33 B BICAER L C. SRERIKOMBRAOIMENT 2 50 L7, PfeRECIX, %
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< OAREETHIIAN~ R Y 7 AL Z D AT X0 AR O¥EFEGZE D Hiv, WD
MORERIETIL, S DITHEAEIT LI A BERARO b, £, RMERE T
. AR A 0 5 IRAESAEM HER O HivTo, R-268712 & H5.8F (1 mg/kg) Tik, 24
OB E IEFIICSE L TV A ERER TE 72 (Fig.19A), SRERIREE(LIREK (GSI
glomerular sclerosis index) % HW T, A= 7k L CHE mAYIZ ERBNFTEAM 2 Skt L 7= 5&
H. R-268712 %k%uﬁi (1 mgrkg) 13, FRERECHEAL U7 RERIREE (LR A /) 30%¢fnﬁéu
7= (Fig.19B), ¥|Z Whole O 7 A4 & — MEHTTH . R-268712 & 58E (1 mg/kg) |
%%’Eﬂ:@?ﬁi‘%f‘%%%/w’ Feforml) ez GRS 2E52 MR L7z (Fig 20) k
\SRERIRN O 2 DFIRIZ DOV T, T T 5 2, SafE et 2 i L 72, Desmin (34 K-
A MEE~—I—L LTHLILTEY , JWEBHETIE, RERERENICH > TH GO INE
RUTZA, R-268712 8 H58f (1 mg/kg) Tix, Yefalliomd 5o bz (Fig.21A),
GSI L ARk F A TR a7 b LG R, WERRC KD 2 a7 oine | R-268712 & 57
(1 mg/kg) & X2 MHEMA PR X7z (Fig.21B), aSMA (%, — %Iz
Myofibroblast DfSiE Toh v | KRERIEHN T, IEMHEL A% WA#HJH@@?EI*%k LCTHW
5D, JREERETIE, AV XU AMEEKIC aSMA Yk OB Z2 R L7243, R-268712 #%
53 (1 mg/kg) Tid, KOO NED 57 (Fig.21A), Aa7{LofEETH, R-
268712 # 5-8f (1 mg/kg) 12X 2 RERIKN aSMA 2 27 OMIfHER RS 7z
(Fig.21B), S deta DR 5. ALKS HEANL, BIERERARR RITx LT, kBRI
FRANE T 2 A Y o 0 SAMIAOTEMACISIER ., B X O R YA MEFOBBEIEN %
AT DENRINT, SRERIRIZRT 2 ALKS BLEAIOEH 289 5 4. Collal-Luc Tg
R BEERER IR 2 AW ot &2 320 L 7=, ALKS FHEHI (SB-431542) 1%, TGF-B
iof%%éﬂé [ 3= F — 5 HRBIE M 2 R R AR 0l L7 (Fig.22), Z o)
5. ALK5 EANL, invivo IZBWTH, TGF-BILE L W) A H =X AT, RERIEDOHR
HEAL T & 2 SRERIRRELRC, SRERIRAE BB O TE ML 2 1 3~ 2 FAVRme S vz,
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Time after administration (days)

Fig. 16. Body weight changes over time for various treatment groups in the
heminephrectomized anti-Thyl nephritis model.

Male WKY/Hos rats at 4 weeks of age were subjected to heminephrectomy and injected
intravenously with an anti-Thy1l antibody 1 week later. R-268712 was orally
administered on the same day as anti-Thy1l antibody injection and each day thereafter.
Control group: saline injected heminephrectomized rats that received an oral dose of
0.5% CMC; vehicle group: anti-Thy1 antibody injected heminephrectomized rats that
received an oral dose of 0.5% CMC; and other groups: anti-Thyl antibody injected
heminephrectomized rats that received oral doses of R-268712. Values shown are

means + S.E. for 7 rats
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357 == Control
-2 \/ehicle
### | - R268712 (0.3 mglkg)
07 -8~ R.268712 (1 mglkg)

i

r Urinary protein (mg/day/100g b.w.)

0 5 10 15 20 25 30
Time (days)
Fig. 17. The antiproteinuric effect of R-268712 in the anti-Thy1 nephritis model.
Values shown are means + S.E. for 7 rats. The symbol ### indicates the statistical
significance of P < 0.001 compared to the control group. The symbol of two asterisks

indicates the statistical significance of P < 0.01 compared to the vehicle group.
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Fig. 18. The protective effect of R-268712 on serum creatinine levels in the anti-Thy1l
nephritis model.

Serum creatinine was measured as the aggravation of glomerular filtration function in
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the heminephrectomized anti-Thy1 chronic nephritis model. After nephrectomy, anti-
Thy1l antibody was injected at day 0. Blood samples were collected after administration
at day 28. Values shown are means = S.E. for 7 rats. The symbol ## indicates the
statistical significance of P < 0.01 compared to the control group. The symbol of two

asterisks indicates the statistical significance of P < 0.01 compared to the vehicle

i
1 ilen l
h 0.3 1

Cont. Veh.

group.

N
PR

Glomerular sclerosisindex
—

o

R-268712 (mg/kg)

Fig. 19. Pathological analysis of glomeruli in the Thy-1 nephritis model.

(A): Periodic acid methenamine silver (PAM) stain. Rats were sacrificed 33 days after
administration of R-268712. The kidneys were removed, fixed in 10% formaldehyde,
stained with PAM, and examined histologically: (1) control kidney, (2) vehicle treated
kidney, (3) low dose of R-268712 treated kidney and (4) high dose of R-268712 treated
kidney. (B): The inhibitory effect of R-268712 on the glomerular sclerosis index (GSI) in
the anti-Thy1l nephritis model. GSI was assessed in 50 glomeruli per rat. The extent of
glomerular sclerosis (GS) was graded from 0 to 4 by a semi quantitative score: 0:
normal; 1: mesangial expansion / sclerosis involving < 25% of the tuft; 2: moderate GS
(25-50%); 3: severe GS (50-75%); and 4: diffuse GS involving > 75% of the glomerular
tuft. GSI for each rat was calculated as the mean value of all glomerular scores
obtained. The symbol ### indicates the statistical significance of P < 0.001 compared to
the control group. The symbol of three asterisks indicates the statistical significance of

P <0.001 compared to the vehicle group.
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Fig. 20. Hydroxyproline content of kidneys from treatment groups in the anti-Thyl
nephritis model.

Rats were sacrificed 33 days after administration of R-268712. The kidneys were
removed and dried, and the hydroxyproline content of the kidney was measured.
Values shown are means + S.E. The symbol ### indicates the statistical significance of P
< 0.001 compared to the control group. The symbol of a asterisk indicates the statistical

significance of P < 0.05 compared to the vehicle group.
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Fig. 21. Immunohistological staining of kidney sections from treatment groups in the
anti-Thy1l nephritis model.
(A): Immunohistological staining against desmin and a-SMA. Rats were sacrificed 33

days after administration of R-268712. (B): Staining are as of 20 glomeruli in each
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section were assigned severity score as follows: 0, very weak or absent staining; 1, <
25% staining of the glomeruli; 2, 25-50% staining of glomeruli; 3, 50—-75% staining of
glomeruli; and 4, > 75% diffuse staining of glomeruli. A staining score for each rat was
calculated as the mean value of all glomerular scores obtained. The symbol ###
indicates the statistical significance of P < 0.001 compared to the control group. The
symbol of a single asterisk, or two asterisks indicates the statistical significance of P <

0.05 or P < 0.01 compared to the vehicle group, respectively.

] T

Glomerular luciferase activity
(ngfmg protein)

]
Cont. Veh. 0.1 1 10
SB-431542 (uM)
TGF-beta [+)

Fig. 22. In vitro assay using isolated glomeruli of Collal-Luc Tg rat.

Luciferase activities were measured 48 h after the addition of transforming growth
factor-81 (TGF-81). Compounds were added 30 min before TGF-81 stimuli. Values are
means + SE of six biological replicates. The symbol ### indicates the statistical
significance of P < 0.001 compared to the control group. The symbol of a single asterisk

indicates the statistical significance of P < 0.05 compared to the vehicle group.

FHIUE : /NE

e HF - TIERL 7= Collal-Luc Tg 7 » k% A\ 7= in vivo screening (2 &> T, SB-
431542 % U — R & Lo —EOFHEROF G | bV in vivo BRRHELINHITES %
AT 5164 R-268712 % HLH L7z,

¢ R-268712 Z W\ T, 1BMERERIKE R E T /VICKT D ALKS [HEHI O3 2 5L CH)
TR LT,

o MERREAORRATRE RN 5. R-268712 OSRERIREEALIIHI DO A I = XL & LT, AP oF
U LAl OTEMEL («SMA BiE) BdilER. B LN R YA MEEOBRBIEHN 2 A
THELZHLNIT LI,
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BoE  BRERMELCRS T OREERRME (27 -7 EAMR) ORE

IEARARAHEIEIC W T, Mifast~ R U 7 A& FEA L, B L% 5] &k 2 3 FIR M % [F) @
T HEIE. AWEREGE & Vo T RIZEOES |, FEFICEE CTH D, JRME M E L
(UUO) EF /M, B MEIRICBWT, S LEBOFEIE L L TRRBINLTWD ELY
2= RUR= VT X =T RN B R TERBET L THLE (13-15), B, BiEbos
fiE « HERIZ, TGF-B A EICEG L TEBY, AN=XAMIZH e MNERIZEBL TS L&
ZBN5HENG (16), A, HEREF/LE LTHEM L, RMERERMEL (UU0) &
TINZRWT, a7 —5 VAL 2 MR R AL, JRAE B (17), JB
#MAE (18). resident fibroblast (19). fibrocyte (20) %%, F&Eaid V. H— A& SN
TWewy (21,22), BUR%E Fig.23 (22) ([ZHRAMIZRT, Mlast~ MY 7 2 T5WERT
oz, M~ b 7 ADREYE T, FEAMEZ FE T 5 IR, L L7
WNE, BADFHIER LT a T —Foicsd oLy 7 27— L R—4—F v
(Collal-Luc Tg 7 v k) TiX, 27 =7 U RELFEIf o THEASNDILY T =T —F
ITHIRNER TH LA, Vo7 =T —BafEReT 55T, a7 =7 U EEME, 372
bbb, B E 5 & 2 T RRM A FE T 2 FNARETH 5, 4lEl, Col-Luc Tg 7 v b
ERAWT, RMEMEGEZ2ERL LT Yy NOBYR 2 0ERad2FIC Ly, JREE E
B HARa S RS TV DR LA 5| S Z T RRMR CH 2 F LB LN LT, 774~
—t RS LRI (RPTEC) % TGF-B THIIKT 2 &, 1Mo T —4 U NREFHES
D EWVIFICHRE (23) 225, B MERICBW TS, JRME EEMiN a7 — 47 L pEE
WG LT aFER RIS, TxORFITH, 774~ U —t MNR#E LRHI
(RPTEC) % TGF-B A% L7-fE5, 18 27—~ mRNARBHEFENEZ V), ZOfE
M, ALKS5 FREAI SB-431542 |2 k- T, REKRFMICHHI SNz, ZORENS,
ALK5 BREANL. & MRRIZISWTH IR LRI IER U, R R 2 J0iH)
5B ATREME DS RIR S T,
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Fig. 23. Diverse origins of fibroblasts. (Kanasaki K et al., Front Endocrinol 2013)
Kidney fibrosis is a well-coordinated event originating from various sources (1,
interstitial cells; 2, pericytes; 3, fibrocytes; 4, tubular epithelial cells; 5, endothelial
cells) and processes (recruitment, activation, differentiation, epithelial-to-mesenchymal
transition, and endothelial-to-mesenchymal transition) that contribute to myofibroblast

activation/formation.

B RS RERELET VBT B a5 — S U EEMBRORE

EBM B L EBR5 R

YU TRy FEE

VU ALy R, Lépez-De Leén ZED S5k (24) ([T~ CTEE Lz, 7 v hElE
IR E R TRBEAE L, OTC =237 K (Sakura Finetek, Torrance, CA) T L
oo ZUVAAZy R THum OEIITEHETIL, MAS 2— 77 AAF 4 F (Matsunami
Glass, Osaka, Japan) ([ZHED 15 7-, YR &2 B, 4%/ XT KLV AT VT B RI0.2% 7 /v
ZAT AT FERT T, =i, 16 04 o Fa_— M LT, MkEEZIT-72, KIT,
v 7 U UEREAFIKEEIE T L7 0.1% U 7 A Ly FEEH#R (Direct red 80, Sigma-
Aldrich, St. Louis, MO) 2, #fkZE LT, 1EHA o F=2X— K L7=%. 0.1% fast
green FCF (Wako Pure Chemicals) Txkftb4etaz17->7-, 0.01 NHC1 T 24V > &
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LT, RO7aFrRESR, 7 a— T XD MAKBIE, ¥ L X5 RiriEE2 1T
VN, Mount-Quick (Daido Sangyo, Tokyo, Japan) TH A L7z,

S B RR L EY

HAEEI A (5 nm TG ) OEEMICE LT, aSMA fRE @ & [ Rl a T — 5 5
PAB\TIT A% ST RNV LT AT e R, Vo7 2T —BREREIITIMT ' P EEETT-
Too WRIME~VAF o X — B4 3% /KR LB CATE{L% . 2.5% normal horse
serum (Vector Laboratories, Burlingame, CA) T/ mr vy X7 L7z, 1 RPUKE LT,
goat anti-type I collagen antibody (Southern Biotechnology Associates, Birmingham,
UK). rabbit anti-luciferase antibody (Medical & Biological Laboratories, Nagoya,
Japan)., F721%. mouse monoclonal anti-aSMA antibody (clone 1A4,
DakoCytomation, Glostrup, Denmark) # fV>, =R T 1 RIS S 870, HEEEER.
PVET e o X —BiEik 2 IkPLIK  (Histofine Simple Stain MAX PO, Nichirei
Biosciences, Tokyo, Japan) % <)t &t 72, PBS CTH:4%. DAB (3,3
diaminobenzidine, Nichirei Biosciences) TYEIEEZITo72, V¥ 7 = 7 —BRELRE
IZ2W T, anti-horseradish peroxidase antibody (clone 2H11, Abcam, Tokyo,
Japan) % 2 RPURICIRG LT, v 7 z8& LT,

b o n )

HAEE A (5 um EYIEIF) A&7 b CHEEE%. Image-iT FX signal enhancer

(Molecular Probes/Invitrogen, Carlsbad, CA) T7 1 v%. 7 L7-, LiRkd rabbit anti-
luciferase antibody. ¥ 72/%. mouse monoclonal anti-aSMA antibody (clone 1A4) TIX
B S, PEEHERIE®. . Alexa Fluor 488-labeled goat anti-rabbit IgG antibody, 721
Alexa Fluor 555-1abeled goat anti-mouse IgG antibody (Molecular Probes/Invitrogen)
A Fa_— L7, WEE#ER. Fluoromount/Plus (Diagnostic Biosystems,
Pleasanton, CA) TH AL, #tBAMEECBlIZE L 7=,

FBRBLOEBLE

—HECERIL 7= Collal-Luc Tg 7 v b %2 UUO L& L., R, BLO, E/BEZEO
FARR Y 2 FE0 L 7= (Fig.24), Zflo3xv (A, C, E, G) 23 FEFEEE  (Control
). Al Sxr (B, D, F,H) 23 UUO L& 1HEM#ZOMEEE (UUOR) Ok
BThsd, YIUALy AT, 277 OREICHWONIREETHYD , Jall
FREEET S5, 3 hr—bOIEFF TR, NEMBIIRU Lo R E S OBRE PHIZ @m0
U ALy FYLEMEDFEO BV, ZRLISMT . RAE JE P & 59 Ge g 2378 &b%ht

(Fig.24A), EEEICR T D 1M a =7 e, vV v ALy FRERJR LT

[ERE DYt R H — 2 ZRx L= (Fig.24C), EFBICBIT VY 7 =T —B et g
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/NERBIRCA E K & S QBRSO G, RS ERARIEIZ 3O G 580
biv, a3 =5 Rl oirFIcdh 2 Mlariia I Tcuniz (Fig.24E), —JF . IE#

I D aSMA AL, BRI TR < RO IR HIIIC b YB35l b
7z (Fig.24G), UUO B CiL, RN MEEBIZTRV\ Y U2 Ly YL g

(Fig.24B), B X, W\ 1827 —4~ o 4utafg (Fig.24D) RO LNTZ, Vo7 =T
—BRagE, UUO BOIRME LG, 6 KO0, RS ME MR Ge g 33
b7z (Fig.24F), aSMA %0 Cix UUO B O JRAME ML, B IO, JRMERE D
JRELZRGEIR T, RV YA TE Hivs (Fig.24H),

Wy 72T —FEE aSMA O “EHEREGIZE->T, a7 —FUpEEMRE (L7 =T —
PYEGERRD) & el (aSMA BtERER) 23 —d 2 2MEf L7z, Fig.25 @ Lk
B xxn (AB,C) Nary ha—/LOEFEE, TEO %L (D,E,F) 7 UUO BxEr
7, IERE TIX, Fig.24E v G ORE RIFER, RE 0006 T b RME LGz 950
FREDEIGNFRD bz (Fig.25A), ME Vi L aSMA BEMEORWE B EZ R L
7= (Fig.25B), IEHBTlX, V37 =T —F & aSMA O IBIE Sh o T

(Fig.25C), UUO & TlE, —#o/RMEMAE, BELO, IKMEMEMET, rv7 =T
—EGMEE R T IROEREOE G2 EO bl (Fig.25D), aSMA Bk & m 3R O Yetats
WL, JRAREMAE, JRAEREME, BXO, mEOMICEWTERD v (Fig.25E),
—EORMEMIE, IO, JRMEMEMRTIE, L7 27 —EL aSMA DY E IR
?‘E@@(ﬂ@%# WO BT (Fig.25F), b OfEFIE, —H D aSMA BEED R e #i
fa, B LN EREMEAN I R =27 —5 o zEA L, UUO T /MICET DRk
Jﬁi%ﬂﬂ@f‘&;é%%mbﬂ%k%z%ﬂto
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Fig. 24. Renal histopathological and immunohistological staining in the UUO model.
Female Collal-Luc Tg rats at 14 wk of age were subjected to UUO and killed 7 days
after UUO. A, C, E, and G: contralateral normal kidney specimens. B, D, F, and H:
obstructed kidney specimens. A and B: Sirius red staining. C and D: immunostaining
for type I collagen. E and F: immunostaining for luciferase. G and H: immunostaining

for a-smooth muscle actin (a-SMA). Original magnification, x100.
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Fig. 25. Renal immunofluorescence for luciferase and a-SMA in the UUO model.
Female Collal-Luc Tg rats at 14 wk of age were subjected to UUO and killed 7 days
after UUO. A—C: contralateral kidney specimens. D—F: obstructed kidney specimens. A
and D: immunofluorescence for luciferase (green). B and E: immunofluorescence for a-
SMA (red). C and F: merged image (yellow). V, vascular cells; T, tubular cells; I,

interstitial cells. Original magnification, x200.

- e i

o EWE GEERE) Tk 1 B= 7S raEResgix, EREBIR EOoXRE o)
WREPHIZ SR G g 2558 0 Hav, FRABE EPHIC bW REgRNBO bRz, Vo7 =
7 —BREREBRIE, EOEFICHET DM, bbb, NEMBRU EoRKE S
DOENARF AR TR Gt JRAME RG89 W GRD bivlz, T OFE)»
%\w/7:7~ﬁ%ﬁ®lﬂﬂ7 TUBEAMRNS W ESN IR a T —F

. TOMIEDEFICERE L TWD EFZ 2 b,

« UUO7 HHDOEIETIZ, V7 =T —BR@EivEfgid, RME LG, 8K, R
A EVE IR W EaNBO D, ZOFENG, JRME EEME, B XU R
BRI MARS, B OIRIRMIE &35 2 bz, FREREMRO Origin IZ-2W\ T
L. SEIOBRENLIIARHTH - 72,

o BRHE(L DOJRIKA AL Myofibroblast (% aSMA THfta SN ¥ = A3 5, - T,
aSMA LV 7 =T —BTEREA LR, UUO BTiE, R ERMIE, &
O, RAE M EMIE S By A S, 2 b OMIE2Y Myofibroblast £kAfifid & 72> T
WD ENHER TET,
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FRHE(LTRHERDAERIIZED R ML % v 7 D 1 O, KBET VOB A EVF
Thd%A, ETRIICZOFEL WIRT 5%, in vivo BEHIFHIE T /L OREGLIZEY A
72, RAMEILIZ, MifESt~ R U 7 ANER LR Eg A R, MRS~ N 2 2T
WMag—rrThbd, 1HMad—ruilal#i2ARE a2 8 1 R T HIREHIEZ AL T
W5, 1Bas—4F  Z2BHKREDOEWLY 7 25— CHEEXHZ I L - T, ik
ZEMICHREHTE 2O TIERWNEEZ R, a7 =7 LR— 2 =@ /ERIZEY A
72,

Ty b RaZ—Fral$, B, 2o 5 i ve—2—@Ek%x 7 ) L7747
TV —=mbru—=7 1L, BERGBENG, %4, 14.2kb, 7.6 kb LiiiH HEREBHAG A
FCEFOHEEE N 7 27— B EEFICBVWEER AV A NI NEMEL, Tg 7 v
N EERIU 72, B T LDy T 2T — BIHEEE iR U725 R, Colla2-Luc Tg
Ty NOFR, BIRIAREZ R LTz, VYT =T —PIEMEEIIR R IS 5 7 7
7 B —"Tohs%, invivo HHFHEET LOMEHAE E LT, Collal-Luc Tg 7 v k & 3R
Lz, WISHEEBE LT, BRHIELZ BfE L T\ D4, BT T L E LTS T
% UUO T V& HWT, BEFIC Collal-Luc Tg 7 v b A FurXdv 7ol & (2

— 47 U EAOERE), mRNA, BXIO, Vo725 —ViEMEEZFME L7, A Faxy
Tal e, EREICRMEZE L, mRNA XEHIC ERNHR T8, BN —EM:
ThY, EBRHIHAZELCTHET 5 &, BEREOMBIXE o7, L7 =T —BIF,
mRNA FIFRICHEINCHE EHT 2503, 2 ORBULREHEREICHE-> T EF L TR,
MazmL T, BAEOMBIETEmN-7, R, EALOMEAL VI BENL, LT
=7 —BIZXDFHmIX, FEFICEHEEZELAONT, Vo7 =T —EIX, mRNA L EHDOH
MR EZ > B2 bz, 772056, mRNA ORICEIICHE LR R AL D03,
ZO%BLE, mRNA O —BME TR < EAORICKMBEIZ > TRAT 2538
H— 2Ry, 2T, REEHEOREBIZ L0 TlERnwh B2 N, DED, L
77 —BITEATHDHDOT, mRNA XV IIHHEEED BN, AREEATHL A, R
WHEATHLI 27 —7 v I IIREBEEA RN EEZ 2 b7z, UUOETVICEIT S 1
MaZ—4 al 1L a2 8{ mRNA O3 BibiX, 211 ThH-72 (Fig.6C, 6D), Ziuix 18
aT—7rNal i 2A L a2 8 1 AT EREREE 2 PR T 2 FICERT S EE X DR
<, &AMl Collal-LucTg 7 v h® /N7 =7 —EBIEMHEIX, £H9IZ Colla2-Luc Tg 7
v b X VEEEZ R LA, TORKNE LT, EA L ZESHEEEOR S PSS, *@%
BN AL TV D AR R STz, 20 211 ORBILLEZBET 5 &, Bimmic
BWEHhTT L8 E L, al OSFREL TS EEZ LR,

~ 7 A% ES a2 72 AR 2 S AT RECTd 5 %, knock-in technology ZF|f] L 7=
IRES-Luc EA~T AZ{ER L7-, UUO EFT/WMIZEBWT, Collal-IRES-Luc KI ~7 & &
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Collal-Luc Tg 7 v M & L7125 H, A Fexo 7ol VEEFFREBRE Th 720, v
U7 =2 7 —BiEED EFRE, Collal-IRES-Luc KI ~ 7 AD H 3%, @fiz r L=
/5. Collal-IRES-Luc KI =7 23, BEHRMET LE8 L LT, FEEITHAHTHLF
PR TE T, £io, 7y MR aZ—F v al H101E, 5RO 14 kb LSMNZ S, 5%
EMALT 2538 D D HIRBE SN2, LHLARRS, FEEWHIBL, BXO, 7y b
WCUDMFELRWRIBET VUAFET D%, 7 v b, U A Wi ORBEHEET LB
ERIZ CBSFTHRELEZZ DN, $o, vV AETAVEFERTHFHICL->T, T b
ETIINOZEBEERGET 2 FHNA[REL o7z, T OM, JEasiR#EAEIX TGF-beta pathway
EWVWSHAD AN = AL EH1T D%, MISIERDBFAEEEE X Db, MfRHEETT LV & L
T, RUART LA~ A UMBMIEET AN IH S D, SEER L7z~ A LR —X
—EW VLIS &Y FHEIR N ERE TRE 2 F, BB LT R-268712 2%, EHAHELEE
TTT T, MfHEEET L CHENEDZ R THEP LT Lz (R 3),

FRHEALIC BT 2 BT T L OSEBhRHMIL, WH ., 17 AREZET 22, 4, ¥zl
WELI-a 77—y LR—%—8maE AT, D7) 3 BTl fTEE7e in vivo B HIRE
MHET NVEREST D ERHRC, ZOFBRBEICE > T, Z2<OEWZ in vivo
screening 9" A FENA[REL 7p o 70, EEE. 90 /LAY D in vivo screening % 350 L. B
RO PIRMELER 2 " b & & LT, R-268712 % HH L7=, In vitro ALK5 LG
W< . PRKIRFGE S BAF /L AWFE. in vivo (31T 2 3ahidss < 22 2 M IR bz
. T LS PRINZEY DONER THEDDR 72> TV > 74, in vivo screening
X DMLEHOBBNIEE L B2 bz, TOEME LX, MBI, MlRNET
P EHRGIC L 5 REIBRFEENE 2 LT,

FEIRIPEBE & BM AR BRI R 1T, STEANREEORE 1L 2/iix HDTHY | &
FEOLEZOEND, BFEOBRBNLEEN TV D, BHRFBIEBIEITHERE 218575 &0
D IRARBIRIRIEDNAFAET D08, BHRERIRE RITER A 2 FEN L < BARIRE S 15
LW ENDL, LV unmet medical needs 3@V EE 2 vz, BHEREREERET L E
LTHWHN D GBM BERET VT, BEIEENE L BHEAETT HRNEC LTLE
IETNTHDHL, LV~A NV FRETNLELT, Thyl BEETVEEA LT-, Thyl &
RET I —IBEORAROE, ARIBHBLTLE %, BIREREERETLELTCH
WD ZITIE, R E AR Z BT 58RIC, RBCREZEMT2LERDH D, T v PRI
DOWTHRF LR, WKY/Hos 7 v MR B HAEZ T 5FICL - T, FfiREd
REFIET HETVOMERIZKRL) Lz, ZOFT/MICH LT, R-268712 1%, Pt bk
A (Boa Faxvral M), BL0, BEEGEER (EARmE., mh s v
T F = EISD) 2R LT, SRERIKEE(LD A 1 = X L ERRETT 5 4. MRS IR 2 52
L7, R-268712 1L, AV v ¥ v AMIOIEMALMK, B L0, A M9 MEERR
TERZAT 2ER R S,

DRAMAE [V ERRAHEAL O JRIRIAR L, Myofibroblast & & 2 LTV AN, FORIFIZOW
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TiE, @DV Mo > TRy, BHEHEOHKWE TH D 1 il= 7 — 7 135
BEATHDA, 1HMaFd—r a2 mERa L ThH, ZOEAMBIZFAETE R, 4,
ER L2 9= LR—2—8mid, 1= 9= RBRTLy 7 =7 —E 258
FTOHN, AT 2T —BIIHRNTRAT L8, Vo7 =7 —BaEikad Rk
V., 27— URBMAEZRET S ENAREE B X oLz, IRMERERMELET L E L
THHENZ UUO ET v EHWTHR L7z, EFRETIE, v 7 =7 =B
PHIC TR = T =7 U RBLBRBO bNIZHEND, VT =T —BREREOFERITIERIC
BREL TV D L& X b, aSMA IR FEAMILO~—T1 —Th 27, MO
HAEC & 5 Myofibroblast OD~—ZF—& L CHHE BN TWS, UUO BEiZHoW\WT, L7
=7 —FB & aSMA TIYLE LICAER, —HORME LG, 3o KO, FRE HEMians
THREGINDFELHER LT, SEIORKRND FRE R E RO RR M RAE
RGBS L CW DR SN o7, 272 L, TE YA S AU R RV R o
EIIZHOWTIE, A REIOBE 2L RIE KRR 27,

JRAE Rl Y Myofibroblast (228{k 3" %5 EMT (Epithelial to mesenchymal
transition) 1%, invitro TIXR< RO LGBRETH 575, invivo TOHREFZIZE AL
2, ZOFMBD 1oL LT, BEIZ Myofibroblast (272 > TV A #liE D origin &7~ 5 F
MNEEL W E W HEIMZREASH D28, 6 ) 120k, EMT 28 2 L7-#iiass, MEmEEkIC
migration 52X, TBM (tubular basement membrane) & 9 ¥ELf) 72 REE 2 Bl %
DUMENDDHING EBZEZDND, ARIOBRR RS, IRME EEGMIIE, RAE DR

(= OFIRE DT TIZ/e < . BAKE LCORMEDIFIR) % H HFLEE, HeRF L7z ikeE
C Myofibroblast [ZJFEHiAHE L TWDH Z EBRBOLNTZ, ZOFENSL, TBMIZX - T,
migration BLE I N TV & LTH, JRHIEICAE LIIRIET, EAESh =7 —F v
A, TBM % Bz T, FEOMMEIIZEL3 5 AT ‘ﬁi))mﬂﬁéﬂfc (Fig.26), F7-1%. pE
EENTZa T =T m, RMEEREZECET, RMEBEZMEL, RCBEINT
TBM 75 migration Z5| &L I3 L9 ﬁﬁb‘fﬁ%mﬂﬁéﬂf:o
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Fig. 26. New insight of tubular epithelial cells on the interstitial fibrosis.
Red arrow: conventional theory of EMT. Blue arrow: new insight according to our

results.
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