HAERMERBIEE EEREIFHAREEBHEE
EFHBERA /JX—a AT A (ACT-MS)

ERMmEREE
VNS
I EARFEH
FZeERs a4« (AAE) SR BIBIERAI O D, 25— U SR EEMA 7V —=2 T AT

A@%%
g ZE) Development of a screening system for collagen secretion inhibitory compound

for the therapeutics of fibrotic diseases

TFZ2BE %8 MR - 2016 4F 10 H 1 H~20184-3 A 31 H

WFIEBR R EE K4 - (HARFE) KH ik
K4 (& 3 Kazuhiro Nagata

WFEBRIEARESE PrEikEs - 8 - Bk -
(HAGE) HEEERT # o7 EBERENIEHT. e EmBlyi ik, %
(3%  FB) Kyoto Sangyo University Institute for Protein Dynamics, Faculty of Life Science,Director

and professor

II MR OME

a7 =7 U ORFEERE R L T OMMLREIL. RZRIBIRIEN 2 THROMD TEVWFETH 5,
ITREZE, R MERTRRMERE . BB 7 & %%&@ﬁ%kf$iﬁ@f%< BN IR 23 R D HAu TV
b BAFa T URRNS Yy Na  HspdT 2R A L, 37— U OIEFRA/ICIE, Hspd7 & 7m a7
— SV OMAEERAPRMEATH S Z L, BHLICHED, Hspd7T BEIMICHEE I NS Z L ERA LT, 61
Hspd7 OFEHLZ RNA THIEIC L > T D &, a7 —F L OE-NED L, B’ mElshs Z L2 ®mE L
ZIEHEIT HspAT &RRHEILICRE T 2 BFZE 3 R A K & < 88 L7z, FLIREFR RS & B HE TSI
HspA7 IZ%19 % siRNA % KIS B D 2 IE ML 2 MR ARV IAEE, 2T —F 0% M%Wﬁ#é%ﬁ
EOBFICE A TS, HspdTsiRNA SEDHZWMEITBEIZSERE S U, Bristol-Myers Squibb %R — kD
& . K[E T Phase ITHFZENEM SN TWD, Z DX 912 HspdT ZHEH) & U= B LR B ORI B O CTHSE
Th b,

Hspd7 1T/ MO enTTrad —F o LG LT, TOZE LB AUBEEREZIT 208, BxixZ0okia %
HET LIRS HEamae i, 27— O aHETELS 2 L 2%EGE L7 (Ito et al J Biol Chem),
Hspd7 & 25— OMEEMZHET K0 HLEMENA AN—T >y N TAZ V) —=U T TELHBTIED
BIYE & T E TGz HspdT ~DILFEEZ FF K FbaWmE v~ M e LT, K BREEMEDR
m%%%%%iﬂ@ B2 st . B ERICHET 2 2 L 2B OB & Lz,

ARl ALEWFHT DY — & LT, Bl =20 HEEZRIE LTc, —D2I% in vitro THEIZ Hspd7T-2 7 — 74
COMEERERET A ETHY . ZivE TIL SPR % Biacore) # AWV C, FHAEEREZ KL L T =58,
INA Z—"T > "MEIZHEEDN B o 7- 7= Alal, Hspd7-GFP 2458, =29 —4~ 22— L7296 well 7L — |k

1



LCHAEFERZBRHT 2 5EEE L, ZOHEITZNa A N T/HAA AV—"T"y MIHEFEREE in vitro TH
H32oZ ENTE S,

ZoRIIE, MilCkIT LT = O ZEH L AME LT 5 iEEZ B L, MlRICB T 2B ORE
iz~ 7 A~OELEOFIEE L L TEX b TEETH D03, Hspd7 BEFEFEDOMIBIZ T 2 5HIEIX Z v E THer
SNTWierole, ELW=ELEAMBEELK LT a7 —7 I MY 7V UEiEick U, ik E 3253,
Hspd7 REBHIIA B3 S NTea T —F NI =EHOE AMBEDRA TWNDLTZOIZ, MY T Al K0 #EReIT
fREND, ZOEWEZFIMA L, Hspd7 BERZFHET 52 LN TE 5, AR BHERMEEZ NI, U7
YUHICED 27— OBEEET HZ LT, a7 =S U OZELEARKE 1 7 L — b L CHATEE
BRI EBRE U, HTRIET LN, awIShicad—rr a2 ) 7Ykl MkShieholzad—
7% 100k Da LR O F 2 BRSO N T v 752 L2 FHE LI-FIETHDH, ZHIUTE S THET
HbaT—FUBINU TR T T NESEDLZ LIRS L, o,a—dipyridyl EWH 2T =S D =ZEOLEAE
A PRLET A 3M 2 545 LRI Lz, Z0F%%E T HspdT [LEFIRINED 25— D=8 5
VABR ARSI 2 A, T FAORPBRGI, FHliRE LTAEATHL Z RS, TOHIEIZE
HHIEN DM SN a7 =7 O =EH O AFRKOFHIEIFHO LD TH S,

ZOHMN, MENTO X o7 BRI AR (PPD) O > AT AOWL T 5, FoxlEHspdT & aF—5
C OMAAER Z I ET 2B DEER ZITV, in vitro CENOMHAEAZILEL, Ml —4F 0 =5
LR AMED RELENE G & ZTIRG FHEEME G TV D, _@MA%ﬁ£W:m%%W?:?—€V&
Hspd7 O EAEH ZTHE L TWA I RHTH - 72, PPI BLEAIOEE . M To PPI BLEDKIL in vivo~
D LIERTIC A A R 723 HMEHHE TH 5, A, \LEWORMEBRE L, 7‘5%5‘3% L 72\ BRET (Bioluminescence
Resonance Energy Transfer) DR ZHEIEL7=, HWVWARE N TR EBMETH Dm0, X 7-HlaN T PPI %
BHCT& 5, fix OFRMRFTER T, HspdT-2 7 —7 U O BRET DR EEK LTz, TOFRT, 27— Lok
BICEHE R HspdT7 EOT I VORI LK Y | BRET &7 FANRED L, 61T, HspdT 1 Ea T =7 D =HEb
FAMEIAEST 50, —EOEAMEEREZHET L 7T ANRRD Lz, 2OV AT A&EHWT, Hspd?
m%m%%@ﬂM%ﬁotoﬁhmﬁﬁ%wwimm&%@fé:&ﬁﬁ%hf%@\:@HﬂK?%ﬁ%&
7L L TCTHWE, HspdT7 BHEHZ MBI TINS5 & pb3-MDM2 [ BRET OB IXIZIZZAL L7 hr> 7243, Hspd7-=2
7 —77 MO BRET & 7 VO BB Sz, TRHORERED mm7m£mA%ﬂd%%WT%ﬁ
Hspd7-22 7 — 7 U HHAAER ZE L T DH 2 & Z7r LTz, BRET Z W CHIEN T PP Z i35 Hikik 2

K%w<o#®$%ﬁ&éﬁ\m@%ﬁ&wﬁ%ﬁéhkmeﬁﬁ(ﬁwﬁ*?>T@ﬁﬁ@%%#mb

DIFHDTTH D, ZOFEF HspdT-a 7 — 7 VORI ST /IMaRIZEBIT 2 0WH v 30 B L2 OfEA
2Ry EEDOHAEERORBICEMFTRETH Y . ZOWEEIRIZE DD TRE,

FEEE OIX, Hspd7 & 27— U OMAEMEZHET L2 L8> T, 27— ropwzElEL, 27—
VRHEDO RIS~ DERE M2 D IR LA E T TG TV, RMEAMITIBEDIR RS 5 Z L I13EFETH
DR WD LEDRELRENS, KVROBMEEM ZRRT D LENH T, &y MEBGHOFHEY R
BEITO. ZVSROEMEEMERBETH L2 HNE Lz, 7, (LAEWRHEIMOEREFD 1201,
FERER AL (N\MR) V£ 21T o 72, HspdT @D Val & Leu [IZZEFRNAAKER 21TV, 2T —7 2 _X7F K (CLP) Iv/Nig &
Hspd7 fAE & » MEGWIRINEEDO NNR D> 7 F VB EBEE L& 2 A, CLP &t v MEAWMD T 7 diAd—
NT T LT Z Enb, Hspd7 IRELEWIT 2 7 — 7 v O EAAHEIC B A HENICHEES L Tnd Z &n
Do lz, ST, HspdT OEREZFHNT, NMR DY 7 F DR Z17\, ALEH D HspdT ~DFEEERAL D
WAEINE L=, TOE,. by MEAWHN HspdT DT —F ATHER LW 1 7 3 e E#ZE SR D 25 BLER AT
IFCHEE L TH o7 BRMAERREEEZ R T2 L 2B LN L, LA OB &K O3 EE M
DipFEatED 5 ETCOEERMAZG., TN oDOFHREZLEIC, By M7 vy 7 REORVKASHOH IO b
2



&L BEREHEZITV., in vitro CINE TRV EEEN 1 A —F —@WMbEMEEDL Z LI Lz, &
512, HUBERSHIcBW T, EWREERER, ANEERBRZEE 2. BEAROMEZUE L, &Mz, 4
72 < & B IR 512 K 0 BHEE TR D 3L 2 R BBV £ 7 L CE BB CX 2L e TG 5 =
TR LT,

AR FESEERTFOXBEE & B UERAS L, BAVICRE B2 R 5 2 L2k > T, BT
BONRPOTZRERMREETD Z LTI LT, miFIEL, E& LTHREICBWTEMNICEGEZR/R L, £h
ENOT —FE2FLTF ST, TNDICONTHEEGmMEZIRD, WEREAER LN G, BEWOEEZHIZZE ST
WROFEERERET D728, AR EG5 2 ENTE I, ELEPGEEL, ERFPEOFEMIZOWVWT, HL2b
WRFEZIGE L. K FEERFICB W T OERFHAMR L, MBEBOFHLHELZ BT LIk
T, A%OT—ZOEEEEZEDDEZANDLAZ— R LT, SHICEMEERFZCB O THNL L, iy
AN == VAT M, RUIEEL, HLUICBWTZIAOLDOFEEZHANT, HLVABFOFA L TWAH1L
EMNTAT TV DAY ) == TERATIRZ DREEAERE X T, F T RERFEERFITIB\NT Hspd7 DR ESIR %
RO TWHILEMOFERE T LM TIER L, ZOIEEEZHID & L b, EEOH D7FEERE RN 7 4 —
KXo 7 L, Ml L~V COTEEREZ{To72, ZhICE - T, Fie{b&EMmaHms LN TE, ZOLEY
ERUVICRET ZLIZE T WRET = v 7 O1F0, EYEiEiHh 217 - T, fHEARZ2MEEMITHON T, B
YRR o 7o, TIRBIT — 2 2036 SHEEET L~ 7 AT T HspdT BLE LG I ARAE Ll 2)
REFFELTEY, ZO7m Y =2 MIACT-MIZH| ki, BIR~DICHZ BT & &eoTz,

PLED X1z, T ICBW TR TE=TEL2 ] R LEDIRHIZEETH 2 LRl DV A
T LERNT, 3] P CIERBARATRETH o 72, T RBFEAROBRRE & V) RERBRENEONTZEEZ T
b\éo



EETEEY

A fibrotic disease is characterized by abnormal accumulation of collagen. Many patients are suffering
from fibrotic diseases, such as cirrhosis, idiopathic pulmonary fibrosis and renal fibrosis, and an effective
treatment strategy is required. We discovered collagen-specific molecular chaperone Hsp47 that is essential
for collagen synthesis. Hsp47 interacts with procollagen in the endoplasmic reticulum (ER) and is induced
dramatically with onset of fibrosis. We reported suppression of Hsp47 expression by RNA interfering
method reduced collagen accumulation and suppressed fibrosis. Since then the research of Hsp47 on
fibrosis greatly developed in the world. Sapporo Medical University and Nitto Denko Corporation developed
a therapeutic method that suppresses collagen secretion by specifically incorporating siRNA against Hsp47
into activating stellate cells involved in fibrosis. Thus, Hsp47 is very promising target for treatment of
fibrotic diseases.

Our fundamental concept in the ACT-MS project is searching for small molecule compound that inhibits
the interaction between Hsp47 and collagen. Based on this concept the first objective is to establish a
highly efficient screening system of Hsp47 inhibitors. The second objective is to find more efficient
compounds from derivatives of Hsp47 inhibitor we already discovered.

The protein-protein interaction (PPI) of Hsp47 with procollagen is essential for collagen synthesis. The
SPR method, which is a conventional method for detecting the PPI, is not suitable for comprehensive
screening of large amounts of compounds. Therefore, we tried to develop an evaluation method of the
inhibitory effect on binding Hsp47-GFP incubated with the candidate compounds to collagen-coated 96-well
plate. The purified recombinant Hsp47-GFP was added on collagen coated plate in a concentration-
dependent manner, and a calibration curve was prepared using a fluorescence plate reader. We also
examined the wash conditions and succeeded in establishing a method for conveniently detecting the
interaction between Hsp47 and collagen.

Verifying the inhibitory effects of a compound at the cellular level is extremely important as an
intermediate evaluation before animal experiments. But, currently there is no way to screen the
compound's ability to inhibit Hsp47 at the cellular level. We established a novel evaluation method that can
investigate secretion of collagen molecules correctly forming triple helix because in Hsp47 knocked out cells
the triple helical structure of procollagen is not correctly folded. We succeeded in detecting a little amount
of triple helix of collagen resistant to trypsin digestion as a luminescence.

We have verified whether Hsp47 inhibitor inhibits the interaction between collagen and Hsp47 within
the ER. Previous methods for detecting these interactions are irreversible, thus, correct PPI dynamics
cannot be detected. Considering the use for fluorescent compounds, we applied BRET for the Hsp47-
collagen interaction. After some optimizations, the BRET signal of Hsp47-collagen was reflected the state of
interaction in the ER. Hsp47 inhibitor treatment reduced the BRET signal. Thus, we detected the
interaction dynamics of collagen and Hsp47 in the ER for the first time and confirmed the inhibition of the
interaction by the hit compounds.

To find more efficient compounds from derivatives of Hsp47 inhibiting compound we obtained the
structural information using nuclear magnetic resonance (NMR) spectroscopy analysis, which revealing
that the compound competitively binds to the collagen-binding site of Hsp47, which could provide a basis
for designing more effective therapeutic drugs for managing fibrosis. Collaborated with our set up company,

TORAY, we obtained the more specific derivatives which has good in vivo mouse pharmacokinetic



parameters. Finally, this project is continued as ACT-M, those goal is to produce the drug for many patients

with fibrotic diseases.



