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To elucidate the effects of salt loading to the Iivin? organism, we started
with investigating the WNK signaling system. Since the WNK signal is a recently discovered, novel
regulatory system with most of its functions unknown, we first sought to elucidate its roles in each
organ, to clarify its regulatory mechanisms, and to identify downstream target molecules. As a
result, we have revealed that, in addition to its role in renal sodium handling, the WNK signal
plays important roles in various tissues such as regulation of blood pressure via tonus regulation
in vascular smooth muscle, adipocyte and myocyte differentiation, and control of immunological
response. Next, we have shown how its dysregulation can lead to pathological consequences in
response to salt loading or kidney injury. Moreover, we have established a unique chemical compound
screening system and obtained promising drug seeds to regulate WNK signaling, paving the way for
developing novel therapeutic intervention.



B X C—19, F—19—1, Z—19, CK—19 (Gm)

1. WFEBRAE SO &

ARFZE IR, A N U ANME « ARIREE
PEHERFERE DRhE D 2072 53, 25 O sk
EEFIEE T TREAMIA L, Tk
DWIREIEORFE 21T 5> FE N E T 5,
ZORE, MFEDRO L2 D DN, BIGTEE Y
S L E O SRR R 1 WNK % —8
Thd, Fxrld, BERMTH -7 WNK F
F =V OREEREEE DT POy 7 s
ERAHATIICOTHIA L, i Tl Bk
OFEIK T2 52 < FE L TE T2, TOREE,
Z D OIS O E 7Y B 72 2 i if R IE O
7257, FIESHIB W THESAMNIZ L D7
RBIZRICE D D HERHALNE o TE T,

2. WO ER
AWFZETIX, SRR TIEZBRE L C L&D
DOIFRELZ AL, JWEEICHK S\ T A L
—va Y —F L RREIED,

3. WD ik
(1) B FHE~ T ADRHTIZE D WNK > 7

TIVRHME D 25l TORE 2 R 5,

(2) ZoOFEHRAES EIZWNK T —FOFH O

R OHAHIAF & FIROFER 2 R 5,

(3) BB o T K lgias TOEEIN, Bl
TO WK ¥ 7 F VR X 2D a5y
DX, WHAMIZE o THEE 252
TWAMWEREFT 5,

(4) WNK FF—EEFHIIEE L SN E
B E~ 7 AR T LVEW C, 1
OB NSRRI 5] & i 2 TR RE & A
(2B W THIE L~ L Tt %,

(5) BHEREFEE A FRRETVICAR L, R
RBIC G- 2 D ER T 5,

(6) WNK 7V niER (%) ORLEEKORR
EBIh0,

4. HF7ERE
BARTF®E~ T ZADNTIZE D WK > 7 v
SN D g C O E O fRA

WNK4 2 >~ 27 77k (KO)~ 7 ADFFHTIZ LD |
WNK4 7238 fio> NaCl FLHge (A oD i o il Al 7
ThorEEHMIIR L, BEFEORFITKEIERT
Z¥T -7~ (Biosci Rep 2014), —J7. EWIE
IZBWTH, B~ o 22k U CIRmIZ 72
DIZKWZ EIZFER L, Z0MF%2BR LT,
BRI FIZHW T, B 5232 WNK4KO OIRE
HAMTEAICE LTI b TR Y . Bk
MTRONDA LAY ARFIEDEMN S 75
NZpinotz, ZOMFE LT, WNK4 23 IRHAM
JAIZFEEL L TV D, 3T3-L1 #llfaz V725
W5 LB IZ BN T, WNK4 FEER DN bl
244 1 PPAR v <2 C/EBP o 72 & DEEEN DS /5
sy fb~ A X — 1L ¥ 2 L—Z — DRI &
LI b2 I L TV D FE2 AL
7= (EBioMedicine 2017), WNK4 %I —¥ |3
DE TR R ERE S D Ao
TWVHZEBRE, UTF TRz Dy
FTOROEFEIEN, ATEEERIGRICAT

WNKA4ZHTH &

bk}
(C57BL6/ITY™R) (WNK4J v OF7IRIDR)

St

BaRs ReRs#RaIC
HURRMERE  AMELIC<LY

v
- 7

. BIEBRTADPI< - BIRBRTEADICC <

ENEBIBNT 3 SME LS EIERICHERL,

BIECREDIESW
[WNK4(¢>‘97ﬁU‘y09>FD—A@%&EH‘J%C@D’}% ]

HHLFETRTET AN ESNT- (EX),
WNK3KO <~ &7 2 % FHV T, WNK3 AHE/EEUIC
i U7z D b — X AHERFIZ BT, i T
AEH RN Y 7 IGEEA S TV D HE
Z R L (Hypertension 2013). & Bz D
TR IZ DL ISR WNK R e A — 7 7
U —DBAE % fi#HA L 7= (JASN2015)

BRRG L ICH L at=TF L OEGE T —
ANESNT-, WK FF—FPRTHIE SN
Na—K-C1 J:#igigsfk 1 (NKCC1) 23, ‘BRAHICEH
N EEREIR D 43S0 B A K 0D il A1 K] 1
ThHI ERFEXIED, FLaX=T DfEkE
iR DO—Bh & 720 (Sci Rep 2017), BRAHIZE
2R — M EIEAK L TITW  RIBRAME F A3 CKD
BEO L axX=7 LENH L F &R T
W8 T L7z (PLoS One 2017),

WNK 7 —-F OBl sl A 1 & T itiEm
DFEA

WNK 3 F—E OHiIEEERE ORIz I T,
—ODT L —7 AN— AR A LT, &
£ T, FlAx OIRMERFH WK > 71 % %l
LTI EE2WELTCETN, 2001
MFIIZ < II R TH 72, Xk, WK4 D
B TERTEZAEMET VAT e UfE
I1 %Y (PHAIL) . WNK > 2 F L Mas iy iE
MAESN TS HFIIH LT L TE TV,
WNK4 DERE DT DR, il =D X 5 7
EHALZ BT 0N LWV BRME 2,
B FRENERINT 10 £ EEZ-TYH
B 622 TldAe o 7z, 4Bl PHATT (T 72 72 it
KEE 2338 R & (K1h13 L Culling) . WNK
5 HT 3 ODERI S T-58IET O BAE B
MMZ L ClE—® PHAIT LW ) JREEZ S &2
TOEfEHE L7, KLHL3KO = 7 A, KLHL3 J&

Normal PHAII
mutant WNK4 mutant KLHL3 R
@8 @ § 57
! ! I e /@%
& & g° e% e%e
Thee Yok L ‘:-:3 DD

WNKL
degradation

decreased degradation
of WNK1 and WNK4

WNK1 and WNK4
degradation

decreased
degradation of WNK4




RRETN/ v 74y (KI) v~ TR, 25N
CUL3 JREEE TV KI ~ 7 A DVERR & fifhT % 3
U T, WNK %7 —F % KLHL3 & Cullin3 3¢
9% E3 X F LU AT —POREETHY .
WRFEREIZ LD 20 WK O4RREE L i
NOWNK BEOEINAS, PHALT D4k L7=45yF A
B2 AL THDEEZFAR L 7= (Cell Rep
2013; BBRC 2013/2017; Hum Mol Genet 2014;
Biol Open 2015; Mol Cell Biol 2017) (k
),

F 72 KLHL3 & FEFIT & O FEE 2 F£F-> KLHL2
W26 EHE L, 2o KLHL2 % KLHL3 [Al4% Cullin3
LA IRZTER LT WNK 12xF9 % E3 U H—
YL L CHERET B (BBRC 2013/2017), Z D
KLHL2 23 L& VB AR 31T 5 WNK3 DT > 4
Trvy 11 I X AHEEREIZBE D > T\ b
= (JASN 2015) Z#HH/MZ L7z, F7=, KLHL3
EHOD WK & OfEGEMNIIcH DY VL E
A LAY RN TSN VL.
UZE Y WNK EOfEARRES L, MaNT
WNK ERHEINT D LN AT =X LG L
7= (BBRC 2015), 2F ¥ . PHAII OJFHEIZ T T
72 A FE TR TH - iR FIC BT
% WNK > 7 FVEIEAS . WNK D4 iRk g & v

BIARNE| X Z TR RE DOfiFEHA

WNK4 23MEF IR L S N8 n A~ v
AT, WA E S BITITV., T0H%ICES
HEEZRNA S —T A TaTFI T A,
AAROITA, REOYNLNFAI v 7 AR
Fric Tt L7z, OSSR, BtEARmICKY
g CRIEMIAZFE ST 2 1ER R 77
EHA L DO—FETHDH CXCLI- 10 &, Zh b
\CRIEFM LD N D T2 OB 7R S AR
Th D CXCR3 NHIH SN TWD Z & &2FHA
L7z ZOZ IS ARIZEL - T IRyHE
M DRIEISE NN THIH S, Z O &
LTl IR o b 52N UTL bR A J e o>
P Eizk T2 IRy BIRO B %
726 L. Fiid JAKL/STATL 3 27" F /L Z 44
% &) AL 1Z X DT A Bk
ZFER, L7=(Sci Rep 2017), MImir. WNK1 23
/BTy =B RIEEY A M A v
FEAEZINHI LTV D5, WNKL SEBN Sy AfT
WCEVIERTTAZ 06, WKL 2Lz~
07y — BT S A B LRI L D
DERZFSINNCL TS EFEHERT)
AR T O Sy Am, KA b [ERHCE 2
TZeehb, FoT BonRk—

I TITbN TN L aEX Dz, &5
(2. KLHL2/3-Cullin3 12 &% WNK D4y fifiEes
WX, BEOTaT T ) — ARG TELL, &
—h 77 V=B ELTWAELHLMNCL
7= (JASN 2015, Biochem J 2015), Z O,
GWAS 12 & Vs STz, WNK DEHE DL
B Thb SPAK ¥ —PEEFHICHEET S
—IEFEL (SNP) & & £ & DRIz SV T,
F % 13 CRISPR/Cas9 ¥ AF AZHWTID
SNP % HEK293 FHfEIZ A U2 D528 % FRGE L
72o Z D SNP % SPAK =Dt D DI HE 2 HE N
SH, WK 7 EEM L E TS Z EIT L
D ARREME R IEDOFRIEICE D D F & L L.
% < OARREM: @ ifn E ST T WNK o 7 LiE i
1RO F D —H &2 > T2 AIEETEIC D
WTHRE L7z (Hypertension 2015),

WNK o 7 AR EE R DR B SRR

LREDOBIIERR IS KL O OBFZEE DA 6 |

R 7 FNHEIRKT, BEEE L TORRD
T, PUiR, PUACE, PO, R X e
eI E S, fix OFIDNH S, A X
RY v 7 Ra—AJREH, KD 00
R e SR LS IS ) e 38 & 7n D EA IR S
Ni-, Xo>7T. 2507 7o —F (WNK-SPAK #
APLESK, SPAK ELEEBHESK) TWNK o 7 v
[HEOHERENRZ L, TOART ) —=2 Tk
R L. HRERERKREZOED T A7
TV =R FEAZ ) —= T H T L, v
— NMbEMmEHB D Z &P TE 7= Biochem J
2013, JASN 2015), DL FIZ SPAK HEZRHE K &
LCRESNEBRRIED 7 a5 L 0REE
ZoRd, T OHNL, Dahl BHESZMET » b
IZBWT b BHEAMNEOIME E5 28 Lz
(Bha v ) o

gz BYT MRS~V TF
ST AT=EZDOFNEL, ARSI L
HOBB CTOKRDOHWRERE R L=, &
it T DK O B O il XA PRE (A7 AE
T AHIKTF ¥ RV AQP2 1T L AN, F DOFIEIR &
LTCEETIEAY T LI LML TV
MoT=8, Tzl Wintba LW H BTN H LY
NS INE 2 S N ma—
TFNENLT, XS b i3Ehe ok
JFC AQP2 /KT V2 IEMEAL & AKFFRIR
ZEETE D HELFE R L~ Nat Commun
2016), XBICH AT =a—U D AQP2 F
TOY T FIREENFEFIZ, PKA &ZEDT
VU H—H X7 TIHD A-kinase—anchoring
proteins (AKAPs) & OFE& #Y) 0 B L&)
FMP-API-1 2MEAE NN PKA IEME(LZ L
TAQP2 ZIEMEILT D H AT LT,

B REZ LIz DB OIEEIZ Y T
Ly BIRIERZE O AQP2 TE AL R & FF o
T ENFEREIN, ALY U R RE LT
TS L DIERIGRRIED 72 7o T Je RERE M
PRERIEIC S 2 L2 iE R — X L LTl
HFEND (Nat Commun 2018) (),

Tolvaptan FMP-API-1/27
FMP-API-1/27
‘
| 24h 4 24h ; 2h OH
I T T T
Sample Number 1 2 3
(mOsm/kgH,0)
2500
1 2 3 2000
1500
1000
500
0
Tolvaptan — + + Tolvaptan
FMP-API-1/27 — - 2h FMP-API-1/27 — - 2h

1L R (CKD) 235 | & 2 247 WNK 2 7 F /Lo
AR

BrFx 13 5,76 B4 CKD ET /LIS W TR




BIZBITS WK FF—PiEEo L 2R L
7oo ARL. WNK4 OVEPEEEINIE 72 < WNK1 DA
whncdhv, EFILTHSNZ L= KLHL3-Cul3
DFREN LTI an s Bbhi-, &51C
T2 N 2 T INF-o 7 & OPEIR 173 WNK1 4F
BENZIEMEE B S, CKD RO Bl T D5y
FrEE B 5 L, E 7z CKD (231 2 EH
~DZ DFRDBEG I RE S T (FFETER ),
X, FEDO X HITWNK & 7 F T E R O4E
WG HEERAEEZH S TWAZ ENTHEEH
T2M3. Bt 4 13 WNK1 28 FOX04 A2/ L TR
@ hypertrophy (28> A&, CKD TiX WNK1 @
EINZ L ARAEFENMETIBZ 2 RlnE
L (#FE) . CKD I X B AkD WNK Ol o
ERMFEIRICEE R FE2 RWE L5,

Z OIS, WFFEAHIO B « IR > TEE
(CHFERR Z A, RO LEETETH D,

5. ERRIEGHIE
(WFFeA R WFges s R OV 728 1
=Y

dEEsR =0 RE31E95 B 9 fdaih)

(1) Ando F, Sasaki S, Uchida S, et al.
AKAPs—PKA disruptors increase AQP2
activity independently of
vasopressin in a model of nephrogenic
diabetes insipidus. Nat  Commun
9(1):1411, 2018.DO1:10. 1038/s41467
018-03771-2. &t

(2) Takahashi D, Uchida S, et al. WNK4 is
an adipogenic factor and its deletion
reduces diet—-induced obesity in mice.
EBioMedicine. 18:118-127, 2018.
DOI:10.1016/j. ebiom. 2017.03. 011.

(3) Sasaki E, Uchida S, et al. KLHL3
knockout mice reveal the
physiological role of KLHL3 and the
pathophysiology of pseudo—
hypoaldosteronism Type II caused by
mutant  KLHL3. Mol  Cell Biol.
37(7). e00508-16, 2017
DOI:10. 1128/MCB. 00508-16. &FHtH

(4) Arai Y, Uchida S, et al. Salt
suppresses IFN~y inducible
chemokines through the IFNy —-JAK1-
STAT1 signaling pathway in proximal
tubular cells. Sci Rep. 7:746580
2017. DOI:10-1038/srep46580. A HiA

(5) Shoda W, Nomura N, Uchida S, et al.
Calcineurin inhibitors block sodium—
chloride cotransporter de—
phosphorylation in response to high
potassium intake. Kidney Int.
91(2) :402-411, 2017
DOI:10. 1016/ j. kint. 2016. 09. 00. &3¢

(6) Ando F, Sasaki S, Uchida S, et al.
Wntba induces renal AQP2 expression

by activating calcineurin signalling
pathway. Nat Commun. 7:13636,
2016. DOI:10. 1038/ncomms13636. AL

(7) Kikuchi E, Sasaki S, Uchida S, et al.
Discovery of novel SPAK inhibitors
that block WNK Kkinase signaling to
cation chloride transporters. J Am
Soc Nephrol. 26 (7) :1525-36,
2015. DOI:10-1681/ASN201406056. A5t

(8) Mandai S, Uchida S, et al. Generation
of  Hypertension—Associated  STK39
polymorphism knockin cell lines with
the CRISPR/Cas9 System. Hypertension
66 (6) :1199-1206,
2015.D0I:10. 116/HPERTENSTIONNAHA. 115
05872. &3¢

(9) Susa K, Sasaki S, Uchida S, et al.
Impaired degradation of WNK1 and WNK4
kinases causes PHAII in mutant KLHL3
knock—in mice. Hum Mol Genet 23(19):
5052-60, 2014. DOI:10-1039/hmg/ddu217
e

CEaFFE) GE 110 R95 5 2 1hH)

(1) Uchida S. Translational researches in
the field of water and electrolyte
disorders, Kidney Week 2017, San
Diego, 2017.

(2) Uchida S. Impaired KLHL3-Mediated
Ubiquitination of WNK4 Causes Human
Hypertension. Kidney Week 2014
Philadelphia, 2014.

(% D)

R—BR—

HOR E R R R B RN
http://www. tmd. ac. jp/grad/kid/kid—]. htm

TRV Y —Z (G B 2 -8

(1) mfsR%E, AHEE—. mEHRRKT
WNK4 23 IE AL CIXIRIG M o 231k %
W2 — AZRY v Fa—A
DOIFREFRIIC AR —. 2017,

(2) Aty WHE—. Hosetis i
JEIZB % SPAK % F—F O FHHEY
BARE —ATEEER A &l
B2 TGRSR OB IR —. 2014,

6. MFTCRLAR

(1) Wiz

WH 12— (UCHIDA, Shinichi)

HORER SRR - RFPLE i R S5
Bl - #Hdx WFEEE S 0 50262184

(2) EEEF I

ez A % (SASAKI, Sei)

HORER SRR - RFPLE i R S5
Bl - HEBEE

e E &R 60170677



