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LRIZ BN T, A ESET L, RO IR A
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EROND, LILIRDG, RIZRIE R LS X
<, BRAE LI 3T DI R 2R E, 1RESE DML A
HENTND, DL, T 1T OIROBRME LIRS 5
T DH7-724r1-£LC, FPF (Fibrosis promoting factor) %
RHL, T7bb, B ZZNETITHRMELE 250
R ZEE T /L (FEREIRENIRDBRZENT) ~ 0 2% T, LA
To(1), (2) DR RE LT\,

F72, FPF 1%, EHEA ORISR EE T, DR
DFFHEC LT DI Z 33\ TR A 2RI L R B A L 2%
B HZ 0D, FPE X 7o A LI DBR RIS
I ORER oy 127255 2 Hivd,

ZZTABIIETIE, mIiEET L ~Y 2%AERKL, T D
~ U ADLNEFS L O BROFRHE T I T FPF 238
BIZBA G- T 22NN TR ETEA TV, FPF 2R & LT
B LV VRHELIBIRIE BSOS B LT,

2. iEAE
2. 1 EERHY

6 - 8 D C57BL/6J BF LRI~ AT H AR AT
N —RRRESAEIVE A LT, 72, v~V AOf B EREIX
TN KFOBE ST,
2. 2 BITKBIRERICLSEARMDBRETILIOR

DESH

6 - 8D~ T ADIKEZHEL, V)< TFIVES
% (50 mg/kg > b SLE X — )L NI L) Z BN % 5
TR, MBI TRIN B EE L, B K& OH D
ZHIEL, FINHBAMERBIE T CHEOIEFZUIFL,
[REEBHEET, hma— L 2REIHAL, —[BIEE
& 0.5 cc, MEZ[EI%L 120 [B1/531CC AN TR A1 T 572,
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Constriction) S fifri %, BugHEIIR & /2K BHEIR O OB T
KENR%E 26-gauge (WT ~7 2B LN MFG-E8 KO <7 A
) E72i% 27-gauge (77 /BEFEY ANV AE G~ 2 H) O
HEHEHEEBIT 7-0 OF A A& AR TR DI 7121
AR LTIV T o7, AL T T21%, AR T
UIBH AT ARE AL, BHIEMREBRAET D05 fEBL TA
TR g2 133 Uiz, DL EDALE & i L 7=~ A% AR
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8 - 10 B OREM:~T A% V=, 1L.5%AY 7 VT
A FREMHERR T CIIEANZ I TR B I E Lz, Tl A
PEMMEBEEEE T IO EFEUIBL, AIRE &% S,
JRE % 6-0 #7 L — g GR TRE SR Lz, £ D1k, I8
TahA =Y G EHRE 20 L i T L, fEA R T
P& AT &R & LTz, UL EDWEE L 7=~ A% [l R
EREER (UUO) BEEL, R ORSELIAME R D AL E %
i U7z~ A% AAALE (sham) BEE L 7=, UUO WLiEt:, 7 H
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JEL, BEERRENAROBIRIIZ I R ML 21TV, RO H
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TAC W& % D~ ANBHR LTz Dliga, iz F%
FWCGEC/ICHfES T, -80 °C 1277 L7=, -80 °C IZf#
fEL TV ZADiE)D Isogen (=y R —2) O
g R LIZHEVY, total RNA ZHhiHL7-, = D%, RNeasy
Plus Mini Kit (Qiagen) % Fi\ T RNA ZR5HIL, syt
Yt EEE DS-11 (DeNovix) (2L EE AP L=, f T,
High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems) & FiV T cDNA ~Difilin G a1 T-o77,
MRNA O 7E &%, TagMan® Fast Advanced Master Mix
(Applied Biosystems) D7 ha/LIZHEVY, 95°C T DNA
B REER DIE AL 20 FHTVY, 95°C 1 FHI2X% cDNA
DAENEL 60°C 20 DM KIS E 40 B A7 AT, N
AR HEL L C GAPDH Z W CRiT 21T o7,

TIA4~<—FBILW TagMan 7'v—71% Sigma-Aldrich
HDHUNE Applied Biosystems 235l A L7z, ZAUHIZEIL
Tl& Code FHFHaRCLIZ,
2. 5 MACS beads ZAL\=iDEND<To/RT7—D &

FrfR it SFHRa oD B B

TAC L& 1 B IC -~ ZAnD0IRERHL, LFEE
EOBR 1%, 0E% 15 - 20 NI EILT, Z0t%, Lk
Ji % Collagenase type Il #% % (0.1% Collagenase type
11/0.01% Elastase/PBS) H1°C 37°C 10 43D #E%% 10 [
1TV, dHEEE A & Tk 22 OFEE, [BIXL 7=,
% D%, Red Blood Cell Lysis Buffer (Roche) (Z LY 7R LER
B aEREL, 10% FBS / 1% Penicilin / Streptomycin /
DMEM THEfIARE L 721212, 58 7L — MMl ZHE
FEL7z, —Bl, CO, A Fa_X—FTEHRIET1LIC, I
PR OMM A PBS BEIC Lo THUV R,
Trypsin-EDTA (2105 LisfifaZz EI Lz, BisE —
RIS HL7= CD45 HiLfA T 30 sy &S, MS 77 2%
2 MACS BESGIIE /7 BV E 122D, CDAS(+) Tého~7
n7y—& CDAS(-)fifnzEnEnm LT, =D,
CD45(-)#fifld% APC THEFkS 4172 PDGFRo (7 2
M DR~ — 0 —) PR L BUNSE T, BxE —X
RS AT BT APC HUAR T 30 43 ISR SE, MACS RéA
HIRSY BRI 2 XD, PDGFRa (+) Th D i i - [a]
M7,

2. 6 In situ hybridization

In situ hybridization % Advanced Cell Diagnostics 11
RNA scope Z V=, MI &5 /L~ A5 H L 72 Dol
Z, HRNT 10% HH MERR ARV~ ARIZIR L, IR T
16 ~ 32 FRIEE LTz, Z D%, /3T 74 TEBL, 5 um
DAEFRG R 2 ER U7, A% )% 60°C T 1 IFfH] 2%
2 _N—RLT7RIS, FUL U RTN100% =% ) — & T
INTT 4B RELUTL, D%, MRS A ICEER bR REE
AT L, IR T 10 RIS, WEE~ VAT
H— B NELSE Tz, AR KICTHERTRE, SHIZHUR
WIS LR ZT T L, Ay L —hE VT 98 ~ 102°C
T 30 S RUGS BT, ZRFEAKICTH) — ERIR L1412,
Tar 7 —EBEKERE T L, HYpEZTM F— 7
(Advanced Cell Diagnostics) PN{ZT40°C T 30 Z3 fHRHS
Wi, Z0%, BIEE T 57— 7 2 A
(Zii FL, HYbEZTM A —7 128\ T 40°CT 2 B
IESHE, ED%, Amp EIRIZED T 7T RS ETT
ST, D1k, Fast Red 1RG4 K, £ 138 ik
Tyramide THUGSE THRYEG T D mRNA D27 F/v
R LT, 7 ARG D%, s v b g
AT 572, 10% BSAIPBS % L, =i T 1 K SUs
(Tuyx ) s, ~R$ikz 4°CTBRISSET,
FR, EOUERSN . ZIRGUAL =R T 1 R OGRS,
DAPI |ZEAE DY th 4T 72412, 60°CT 15 5Lk BA
V¥ a_—hL, HoEEH7, EcoMount & FVVTEALT
) 7 1AL HE U BE RS (LSMT00, Zeiss) IZ L0 k41T
7
2. 7 FiRHESFHRE~ D SIRNA DEA

DARFEIEET VALES 3 H B O~ 2Dl b B
L 7= f% % #E 3 M0 §2 1T Lipofectamine RNAIMAX
(invitrogen) D7’ 1 h= /L IZHE S TSIRNAZE ALTZ, 10%
FBS / 1% Penicillin-Streptomycin / DMEM TEzzEL T
LMK Lipofectamine RNAIMAX % VT, HHEIS
FIZxT % siRNA (Ambion) H5 W ix= ha— L& LT
Silencer Select Negative Control no. 1 siRNA (Ambion) %
LTz, sSiRNA OE AMND 72 K412, RNeasy Plus
Mini Kit % FV T RNA Z 8L T-,
2. 8 GONAD %

FPF KO ~7 21X GONAD % H\W\CTIERL 7=,
GONAD £ & I3 500 & (R SM I 3 2 L /e <,



CRISPR-Cas9 v A7 L& T /v /T Uh~T AER
L2HETHL, AMAICEHEERDOA A, AAST A
(C57BL/6N) DAZELEATVY, 777 MR CE =B AR R
A=Y X N T o7z, BRI, EIRAR~D A2
LA FOVERE (50 mglkg <> hLE A — LK)
U L)z fEEN R G, IEMIICEEL, 2 A s ks oR
EHTOINE R RINCE ST, £D%, TITAXYE
VU —% W CIP4E |2 CRISPR-Cas9 & guide RNA (FPF @
FEE DOALE T stop codon 245 A 35 L5722 Bd ) & [EHHE
AL, =L ZbhaRl —Z— (Zy /=) AN THRE
BIRIZHLT, BRAELEEIE LIz, T 0%, INEZIEN
(ZRL, YIBL7C R & B AT — 7 72 D TRER L
72o GONAD L& ML T~ T ADDEE ENTATF~Y T AD,
BB 7 K% FIILL, Genotyping #17Vy, BRET 54
J IREDIREN TNDZEE MR LT,
2. 9 HRETHHRMT

FERIT D72 et 3 BILL LIS U= [F]— 544 T Cf T
STZbDTHY, TN TR LARAERE TR LT, gﬁi
M O 8 121d unpaired t-test %, 6B O LR IZ1
One-way ANOVA (ZX% Student-Newman-Keuls test % /]
WTHIEZTTVY, PAEDS S%ATG DS G IR BN HLE
HIWT LT,

3. AERR

(1) &7, Real time RT-PCR £ W CEIEET /L
<D ADDEIZIITD FPF O3B EDOELEHIE LT,
a7 —5 e E O ER T ORBLEAREL, OER
DFEIINTCNDLZ AR LT-DOD, FPF OF8L &E4-
ELT2EZA, FPF ILDIERIC R THRBLEDEMT 52
AL NET T2 (K 4),

SHIZ FPF 3B B LIRF LI TH 2 D FEELE
EHF DM OWNTRMIRE 5% (UUO) EZ W
PRMEALET VE RV TRFILT, ZTORER, DIREFTL
FRHEILI P> CHRE R BU MO BT (K 5)

(2) BT, IEH RO~ A0S DU O ZE %
DAL L T2~ ALIRIZ 15 FPE O3 BMIEE in
situ hybridization 5% FI\VWCTHRFTL 7=, £ ORE R, FPF X
EF R~ ADBICB W TR ENRD BN T2,
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4%

STry FITRIZ FPE DI 7 LR, fkHE a0~

— 7 CTHDHaSMA (g Yuth) D\ i Periostin (in
situhybridization) %8 B9~ 2 ML ZFRD HAL D A FET
L7271, FPFIZaSMA %> 78 550 M Periostin mMRNA
ZABIT DA IZ O AFRD BT (K 6) , ZIHDRE Fehs
5, FPF [ 3HRAE L LB oD A 2 e |2 oD 20 5 SR A 1T
RETHEZ 2N,

Z 2 TR L L 7B iR 23\ T FPR 23l fRAE 25
FIEZ R B C R B DM Tlin situ hybridization
(XU T, Z O R, BRI I Th FPF I HE
R R RN RIS A ENHALNE -T2 (R 7).,

(3) FPF DA LR RE~ DB 52 in vivo T ~572
el /v 77U b~ ZERL D W] BEZR GONAD 122
(Ohtsuka M et al., Genome Biol., 2018) = Fv>C, FPF @
I 7T I AONERNE T LT, ~U A FPF 135J 500
TXEINOIERESIVD D, Tk 1E FPF OBAGa R 25
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# 30 TUBEDEPTNZANY T AR ISADINTT A BUEIZZO KO 7 AZBHEL TD, BIHIRE, i
L, Crispr-Cas9 v A7 L& WY ) AMREEIToTZ, & JEET MLEER L, WT w7 2E KO T ZADHMEHE(LIE
DFER, BRIDT ) LAOEREZFFO~T vy AORS BELKRTLTETHD,

IR EN LTz, 2D~ A% WT <7 ALAZELL, germline (2

Do TCWDZERMENDT=DG, FEFENT=~T D EFFE

+EZESHE, FPF O KO =7 AZESL7- (X 8: M48,

M52 75 H D KO v T R), EEE, 20D KO v 7 A5 Ll

DA S A2 BB, FPF OHUAZ VT western

blotting Z4T>7-Ft, FPF D/ RDIEKAFED SN, KO

SILTWDLZ LN TE7= (B 9).,
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*K1:298 bp

M M46 M47 | M48 | M49 M5S0 MS1 | M52 M

X 8 FPFKO <=7 ADST

marker WT KO
—
AT — 4 b 4 —
Anti-FPF
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of the Heart and Kidney for Developing a New Fibrotic Treatment Method
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Summary

Salt is essential for a delicious diet that enriches people's minds, as well as for the maintenance of human life.
On the other hand, excessive salt intake is one of the major causes of hypertension. Tissues whose function is
particularly impaired by the development of hypertension are the heart and kidneys. The main cause of this
decline in function is fibrosis in each tissue. Fibrosis is the excessive production of extracellular matrix proteins
such as collagen, which greatly reduces tissue function by hardening the tissue.

Hypertension in the heart causes hypertrophy of cardiac muscle cells, which release various factors that
activate surrounding fibroblasts. By these factors, fibroblasts differentiate into 'myofibroblast’ and produce
excessive amounts of extracellular matrix proteins such as collagen, leading to progression of cardiac fibrosis.
Hypertensive patients, on the other hand, are known to be at increased risk for chronic kidney disease. Chronic
kidney disease, regardless of its cause, is almost always accompanied by fibrosis of the kidneys. That is,
hypertension also induces tissue fibrosis in the kidney.

Therefore, if the progress of fibrosis can be suppressed, it is considered that the functional depression of the
heart and kidney at the time of hypertension can be suppressed. However, there is still no definitive method for
controlling fibrosis, and it is desired to establish an epoch-making therapy and a therapeutic agent for fibrosis. In
this context, we have identified FPF (Fibrosis promoting factor) as a new molecule involved in cardiac fibrosis.
In other words, by using a model of myocardial infarction (left coronary artery stenosis) mouse with fibrosis, we
have found
(1) FPF is rarely expressed in the normal heart and kidney, but is markedly increased in the fibrosis of the heart

and kidney.
(2) Knockdown of FPF significantly reduces the production of extracellular matrix proteins such as collagen in
myofibroblasts isolated from mouse hearts subjected to myocardial infarction model.

These results suggest that FPF is an important molecule that promotes cardiac and renal fibrosis.

In this study, we examined whether FPF is involved in the fibrosis of the heart and kidney in hypertensive
mice and aimed to establish the foundation for the development of a new fibrotic therapy targeting FPF.

At first, the change of the expression level of FPF in the heart of the hypertensive model mouse was measured
using the real time RT-PCR method. The results showed that FPF expression increased with cardiac hypertrophy.

We further investigated whether FPF expression is increased during renal fibrosis using a model of renal fibrosis



using unilateral ureteral ligation (UUO). As in the case of the heart, a marked increase in FPF expression was
observed during kidney fibrosis.

Next, we examined cells expressing FPF in fibrotic mouse heart and kidney by using in situ hybridization
method. As a result, the FPF expression was found only in the fibrotic area, and the expression was not detected
in the non-fibrotic area.  Furthermore, the signal of FPF was observed only in cells expressing aSMA or Periostin,
marker molecules of myofibroblasts, indicating that FPF is specifically expressed in myofibroblasts.

In order to examine the involvement of FPF in the fibrotic disease in vivo, we set out to make the knockout
mouse of FPF using the GONAD method (Ohtsuka M et al., Genome Biol., 2018). Mouse FPF consists of
approximately 500 amino acids, and we designed a stop codon approximately 30 amino acids from the start codon
of FPF and performed genome editing using the Crispr-Cas9 system. We succeeded in obtaining hetero mice
with mutations in the target genome. These mice were mated with WT mice to ensure that they were on the
germline, and then mated with heterozygous offspring to obtain FPF KO mice. Indeed, when cardiac
myofibroblasts were isolated from these mice and Western blotting was performed using antibodies to FPF, the
desired band disappeared, indicating that FPF protein was really knocked-out. We are now breeding the KO
mice. We plan to compare the fibrosis status of WT and KO mice by treating them with a hypertension model.



