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The evaluation of molecular mechanism of glomerular injuries by serine proteases
and its therapeutic application for CKD.
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We have previously reported that serine proteases were involved in the

pathogenesis of chronic kidney disease (CKD) and SP inhibitor (SPI) could have renoprotective
effects. We conducted this study to identify serine proteases (SPs) which could be associated with
glomerular injuries and to explore therapeutic effects of SP inhibition on glomerular injuries in
CKD model rats. Urinary plasmin activity and glomerular plasmin ware increased in CKD model rats
accompanied by massive urinary protein, glomerular sclerosis, and glomerular apoptotic cells. The
administration of serine protease inhibitors mitigated those changes. Our study suggests that SP
inhibition could be a new strategy for the treatment of CKD with glomerular injury/proteinuria.




8 1 (CKD)

2016 32 CKD
(RA)
(SP) invitro invivo
cDNA GPI / SP
Na (ENaC) (Adachi et al. J. Am. Soc. Nephrol 2001)
(Narikio et al. J. Clin. Invest 2002)
Dahl ENaC
(Kakizoeet al. J Hypertens 2009) SP SPI
Dahl (Kakizoe et al. J Hypertens 2009)
SPI ENaC
(Kakizoeet al. AmJ Physiol Renal Physiol 2012) SP SPI
SP 5/6 CKD (Hayata, Kakizoe et
al. Am J Physiol Renal Physiol 2012) (Morinaga, Kakizoe et al.
Am J Physiol Renal Physiol 2013) CKD (Ueda, Kakizoe et al. Nephron 2015)
RA
(Narita, Kakizoe et al. J Pharmacol sci 2016)
SP
SPI (Kakizoe et a. J Pharmacol sci 2016)
SPI SP
SP
CKD SP SP
CKD SP CKD
CKD ( (Mets) ) SP SPI
13 SHR/ND mcr-cp (0.3%NaCl NS n=6) (8.0%NaCl
HS n=8) SPl( HS+CM n=8) 1
(tail cuff)y 24 4 sacrifice CM
SP
SP SP (QAR-MCA; N-t-Boc-GIn-Ala-Arg-7-amido-4-methylcoumarin)
Double Layer Fluorescent Zymography (DLFZ) [1] PAS
TUNEL

Western Blotting

cleaved caspase-3
CKD SP



260,

DS

4501

4 Dahl —= NS
B 2400 g Hs . _400f ,
0.3%NaCl (NS) 8.0%NaCl Ezzo i HS+CM 3350
3000 #
(HS) HS+SPI  ( e v Lo
2000
HS+CM) (tail &1 s /l
100}
cut ow GO B e
W2 s aaw ° [} 2 4 W
NS HS HS+CM
7 sacrifice DLFZ
- I3/ R e o ESEBEDES — == a8
PAS R#Na/KLE: 0.41£0.04 6.61£044  7.25+0.70 p<005vsHS
p M E1. MetSETILIYMIEITBSPID R
YO-2
PAS : G ey
YO-2 [2] 4 Dahl : S ial
0.3%NaCl (NS) 8.0%NaCl )
nephrin
(HS) HS+YO-2(4mg /kg )
24 (tail cuff)
Tunel
SF'R/ND(HS ) 4 Cleaved . “ -
caspase-3
HS+CM
Nalk E2. MetSETILIYMIEITSSPID SR B {758 -
FTR— MR
CM
ENaC CM
(D
DLFZ SP 80kDa SP
SP
(1 Western blotting HS
HS+CM
podocyte 12 60
1 # ’ S0 #P <0.05 vs. Cont
[3] ’é 0.8 gs 40 tP < 0.05 vs. HS
CM %M gso #
= a t
8 0.4 g 20 ]
CM 0.2 10
0 o |l
Cont HS HS+CM Cont HS HS+CM
HS HS+CM Cont HS HS+CM
e
( 2 cM |
B4 & (DLF2) IR (DLF2)
Cont HS
R (DLFZ) RISRI/—H>
DS 3. DahlSvM<$1+5SPIOREB R -

Rep TSRSV HER




450 [
400

o= NN WWw
w o uw o u o u
o © o © © o o
1

o

El4. DahlSyhZEF BSPID R BRET SRS EFINHZE

5 (week)

E5. DahlSyZHBITAYO0- 20 %R

DLFZ
CM
C PAS
Cr
( 3 PAS
3 FS5R3I
TS5R2/=4F
REZXE
/
/ CM
( 9 CKD
CM SP 250 [ NS ¥
e 5 #

£ 200 MHs+Y0-2 >
E 175 - = # * g
tH 150 [ E
g 125 ﬂ
§ 100 [ 4 i

(YO-2) »r

50
DS 0 1 2 3 4 5 (week)
CM
( 9
CKD
SP CKD

SP

Katunuma, N., et al., Double-layer fluorescent zymography for processing protease

detection. Anal Biochem, 2005. 347(2): p. 208-12.
Okada, Y., et al., Development of potent and selective plasmin and plasma kallikrein

inhibitors and studies on the structure-activity relationship. Chem Pharm Bull
(Tokyo), 2000. 48(12): p. 1964-72.
Raij, L., et al., Podocyte injury: the role of proteinuria, urinary plasminogen, and

oxidative stress. Am J Physiol Renal Physiol, 2016. 311(6): p. F1308-F1317.



6 6 0 2

Eguchi K, lzumi Y, Nakayama Y, Inoue H, Marume T, Matsuo N, Hiramatsu A, Ono M, Kakizoe Y, in press

Kuwabara T, Nonoguchi H, Mukoyama M

Insufficiency of urinary acid excretion of overweight or obese patients with chronic kidney 2019

disease and its involvement with renal tubular injury.

Nephrology -
DOl

10.1111/nep.13553.

Nakagawa T, Kakizoe Y, lwata Y, Miyasato Y, Mizumoto T, Adachi M, lzumi Y, Kuwabara T, Suenaga 315

N, Narita Y, Jono H, Saito H, Kitamura K, Mukoyama M

Doxycycline attenuates cisplatin-induced acute kidney injury through pleiotropic effects 2018

Am J Physiol Renal Physiol 1347-1357
DOl

10.1152/ajprenal .00648.2017.

Miyasato Y, Yoshizawa T, Sato Y, Nakagawa T, Miyasato Y, Kakizoe Y, Kuwabara T, Adachi M, lanni 8

A, Braun T, Komohara Y, Mukoyama M, Yamagata K

Sirtuin 7 Deficiency Ameliorates Cisplatin-induced Acute Kidney Injury Through Regulation of 2018

the Inflammatory Response.

Sci Rep 5927
DOl

10.1038/s41598-018-24257-7.

Yamaguchi E, Yoshikawa K, Nakaya I, Kato K, Miyasato Y, Nakagawa T, Kakizoe Y, Mukoyama M, Soma 19

J.

Liddle"s-like syndrome associated with nephrotic syndrome secondary to membranous nephropathy: 2018

the first case report.

BMC Nephrol. 122

DOl
10.1186/s12882-018-0916-3.




Miyasato Y, Yoshizawa T, Sato Y, Nakagawa T, Miyasato Y, Kakizoe Y, Kuwabara T, Adachi M, lanni 8

A, Braun T, Komohara Y, Mukoyama M, Yamagata K.

Sirtuin 7 Deficiency Ameliorates Cisplatin-induced Acute Kidney Injury Through Regulation of 2018

the Inflammatory Response.

Scientific reports 5927
DOl

10.1038/s41598-018-24257-7.

lzumi Y, Inoue H, Nakayama Y, Eguchi K, Yasuoka Y, Matsuo N, Nonoguchi H, Kakizoe Y, Kuwabara 12

T, Mukoyama M.

TSS-Seq analysis of low pH-induced gene expression in intercalated cells in the renal 2017

collecting duct.

PLoS One e0184185.
DOl

10.1371/journal .pone.0184185.

8 0 3

Iwata Y, Kakizoe Y, Nakagawa T, lzumi Y, Kuwabara T, Adachi M, Kitamura K, Mukoyama M

Serine protease inhibition attenuates glomerular injuries in salt-sensitive hypertension

International Society of Hypertension 2018

2018

22

2018




54

2018

54

2018

23

2018

Yasunobu Iwata, Yutaka Kakizoe, Terumasa Nakagawa, Yuichiro lzumi, Takashige Kuwabara, Masataka Adachi, Kenichiro Kitamura
and Masashi Mukoyama

The effect of serine protease inhibition on glomerular injuries in salt-sensitive hypertension

Renal Week 2017

2017 2018




60

2017 2018

Yasunobu Iwata, Yutaka Kakizoe, Terumasa Nakagawa, Yuichiro lzumi, Takashige Kuwabara, Masataka Adachi, Kenichiro Kitamura
and Masashi Mukoyama

The role of serine proteases on glomerular injuries in salt-sensitive hypertension

ISN (International Society of Nephrology) Frontiers Meetings 2018

2017 2018

(Adachi Masataka)

(Nakagawa Terumasa)

(lwata Yasunobu)




(Tou Shingen)




