20/4 /300 %4

E&r BT EMARmHEE&
R ERIRMRER
(ERMABRERALHRERX (BREXALHRER))

WNK %F+—t%& 42— v b & L7 CKDERBEIED/-6HD
MRaEEORER & REREISRINEOREILICEE Y 2H7

FRk 26 £ #54E - HEAMRREE

MEAxRE AH E—

SRk 27 (2015) £3 A



BT R AT TR R B &
BB BB ORISR 2
(BarER B EFZA M ER (BREBEMREESE) )

WK F—FE2FZ—4~ v k& L7-CKDERFRIE D 7= D DO FFRIGEE D
BT & A id BB OB IR IE O RS IC B A 4

W6 RIS AR E E

MK EE NE (E—



H X

WK F—F%Z—4 > b & LIZCKDERIALIE D72 D OFRIGEEOER &
Bt [ E BRI VE DRI B+ A AR SE 1
WH E— GGERERERRKRERERERFSREMIERZBRARS)

11. SRR

WARZEENEET IV~ R AWEES A LA, F~v—01— DR

BRRERER  CGERERER KFEEZMBE RS ENED —7
III. BFgE R OFITICE+ 5 —&% 11

IV. BFZERE DRI 13






RS B AT SRR B &
BnR B E TR E S
(EHrREEZRIEEE (BREEALMEEE) )

(fe¥E) Hf

FmEE

WNKFF—FEZ—4 v b & LIZCKDERFHLE D72 D OFFRIEEEDOBI3E &
BB SRR E DO FESIIC B4 A IS

MeEfAERE WHEE—

FRERERRFERERE AR SRR B AR

iz

MEEE

WNK-OSR1/SPAK + 7" F NWARERAEE OB DD, SPAK FF—F DERRH
EH A BELISA WCEAFHAIZ V) —= 7 R52HEL, TOREANTH 2
FOENTA T TV —2 AT ) —= T LT, O, BEEES A 7T
—HIERABR LT HET, LVFEEOE seed LEWDRIEEX BIELZ, £
DOFEF. SPAK ¥ F—FEM% submicromolar A — 4 — THRET A{LEWE
FEFRE L. HEMER, 7 RTBWTHERM X< NaCl iz (NCC) <
NKCC1 B kD U B {b 2 BHE T 5 seed (LEWNIFIE ST,

BIs 8% BREE - SORER
R K 25 2 0 R 5 B S
B - B

A HEEH

BB (CKD) OEREMIEDEE
RIFRO—DONIMEDBF72 2 b
n—/LTHHI EITEmERFZRV, £
= 51 CKD ORI DA 72 532k
Er DI TENAERERNRD L
NTnWbd, Lo TARFETIK, 1)
T2 VE I K B B sec EE A
O EOBREROBEEED I, I
fTLT2) BHADEEEDHEL)22ER
DI=DDNA F~—H—DFZ, X5
W23) MEa Fa—ARNEBTHD
NEETE=F—TELENM G~ —T—

DEAFKEIT S,

B. #fRGE

1) OFFEFEICE LT, AEEIX
WNEK-OSR1/SPAK 3 7' MR A
EEORFEDZH, WNK ¥ —E &
SPAK ¥+ —F¥DOfEE42HET HE
HDOA T ) —=2 7 BT\, seed (L&
ME&T, B L~V TOBEEDET
ZHEL T, BN EELEED T,
—7J7. WNK-OSR1/SPAK ¥ 7' F/Vin
EREEDE 2 OFFKE LT, SPAK
XTI —EBOE#EMAEERBLERL
72 FDOHA L LT, WNKI < OSRI @
J v 7T w7 AN AR
DIZXFL, SPAK /v 7T 7 k<D R
FEGE TR IS IMERTR
NCC DY U BALDIET & W\ 5 IE 5 7R



L7co E72. b hodSNPfigtr <, L&
&AL ERS 95 SNP 23 SPAK 5T
RSN TNWBEZ ELEDOHEBET
HoT,

2) OBFFEEHEIZ OV T, BIFEE F
TICHESL L%y hEAWT, 20F
FAHE % B PR OO 355t CHRFE L7z,

3) ZOWTiL, Fx D WNK &7 )
ZOTLHEE L7 PHAIL BT L~ T RILH
WA 21T > 2B O & FElRgs T
Ry —7 =P —% HWZRNA > — 7
TLUAE RN DAF AL EFEE
& L7 CHIP v —7 = A%{To T,
Flo. BEOA 70T LAIZEDH A
7 V== 7 biAT LT, SR
FrPWNK & 7 F AV TLEERE O D o )
NVROBNX ZRR LIz, ZOHEIXS
AFFEE OBENELE LTITo 72,
C. HreeiEs

1) SPAKPREERA 7 V) —= 72D
Wi, MO25a BHEZEAT D Z L,
BLOBERERY VEBRLHED R
RN LD (1) (L NKCC2 Hifk) |
vitro THI¥ T SPAK {HEEZ BH T
%% % HEST L (ELISA (2 X 5 SPAK 1&ME
DRRMARZRELL) . FREEFTHRA Y
V==V T REMSL LT, ZOFREHR
WTHI2TDILEM T AT ) —% R
gV —=v 7L, TOBE, BEFET A
T —bBEMNGELTHET, LY
FHEOE seed (LEWDRIE%E B S
L7z, T OfER, SPAK ) —EiEH%
submicromolar A —# —TCET 51k

B EBRERE L, Rk, v v
ZATBWTHEIWE S < NaCl LB
(NCC) =2 NKCC1 fisfad U BR{t % [
EI D seed (LEMDVRE SN, E
B IEH~ 7 XD MLE A AtEgh i L
LTETESELFLHALNERD &
%, mMEET VCORERIET S
FETH D,

2) BIEFDTT V2 —T T A
CIXZEICEL R P o F vy T L=
VIEERERE ORIZBWT Y VB
NCC #E& L. RZRFTR L Hb
B TE ORI T,

3) ER LUV TR 21T 5 &
Wik, BB O FIEME DO RS TRIES
< ORIERNH HENHA LTIz,
27Tl A ERNAY—T R K
DEBfENT 2 B L Uiz, PHAIL £7
NBIOESAMBEDO~ T ATIE, &
5 VBLEENERICRAENE
mLTWie, b srrEeEhA4 8%
DLETZ—DREEANEZEIZIEZLC
TETAHIELRVE L, 2nHo
FFOEEBOER, BX O ITHEAERE
FHERLBIFTTHD,

D. BZ

rZEstE 1) L Tid 2207 7e
—F N5 EHICERZ seed {LEWN
BoNTRY, FIZ SPAK FHEZEIT,
BEEIA TV —bEbI
seed 23, BN~ G5 L CHLBEMENEL
LR —FE LTSN D, 5%
LEEIEEITY., 2) WICBELTX 4



% O BRI R /2 CKD BE % 45
& LT-ERRIFZE T, BIEEE O—2IZ
AN T, CKD BEFEBICBITA2HHA
MEESBBRETATETHD, 3) I
BL it IESTFAETIIARTE
2N, WL O WNK & 7 F /LRI
BE5T 28770 F. o MpkcE S
BRICISET B ES e F B3 A2oh
STETEY, BRER, ME=2 K
u— VR EET=F—F HECHT
ST THLTREMER D D, FRE~D
5D LM F~—T—L LT
HbERAEESHBRALNIZL TN,
E. f&w
WNK-OSR1/SPAK 3 7 F /L&A
EHOBFLEL seed (LEWERIETE
7z AR, ME= Y ha— R
EEoHZ—HRLITEEODL DN
ZREIETE T,

F. REFRAERER

ML,
G. #re3E
1. FXHER

1. Inoue Y, Sohara E, Kobayashi K,
Chiga M, Rai T, Ishibashi K, Horie S,
Su X, Zhou J, Sasaki S, Uchida S.
Aberrant glycosylation and
localization of polycystin-1 cause
polycystic kidney in an AQP11
knockout model. ] Am Soc Nephrol.
25(12):2789-99, 2014.

2. Kikuchi E, Mori T, Zeniya M, Isobe

K, Ishigami-Yuasa M, Fujii S,

3.

4.

Kagechika H, Ishihara T, Mizushima
T, Sasaki S, Sohara E, Rai T, Uchida
S. Discovery of Novel SPAK
Inhibitors That Block WNK Kinase
Chloride
Transporters. J Am Soc Nephrol.
ASN.2014060560. [Epub ahead of
print] 2014.

Susa K, Sohara E, Rai T, Zeniya M,
Mori Y, Mori T, Chiga M, Nomura N,
Nishida H, Takahashi D, Isobe K,
Inoue Y, Takeishi K, Takeda N,
Sasaki S, Uchida S. Impaired
degradation of WNK1 and WNK4
kinases causes PHAII in mutant
KLHL3 knock-in mice. Hum Mol
Genet. 23(19):5052-60, 2014.
Takahashi D, Mori T, Nomura N,
Khan MZ, Araki Y, Zeniya M,
Sohara E, Rai T, Sasaki S, Uchida S.
WNK4 is the major WNK kinase
positively regulating NCC in the

Signaling to  Cation

mouse  kidney.  Biosci
34:195-205, 2014.

Uchida S, Sohara E, Rai T, Sasaki S.

Rep.

Regulation of with-no-lysine kinase
signaling by Kelch-like proteins.
Biol Cell. 106(2):45-56, 2014.
Uchida
pressure and renal electrolyte balance
by Cullin-RING ligases. Curr Opin
Nephrol 23:487-493,
2014.

S. Regulation of blood

Hypertens.



2.
1.

Arai Y, Kanda E, Kawasaki T, Sato H,
Ando R, Iimori S, Okado T, Rai T,
Uchida S, Sasaki S. Administration
of vitamin D analogs for patients
with pre-dialysis chronic kidney
disease reduces the risk for
progression of chronic kidney
disease: A
CKD-ROUTE study. The 14th Asian
Pacific Congress of Nephrology.
Tokyo, May. 2014.

Arai Y, Kanda E, Ando R, Iimori S,
Sasaki S, Sohara E, Okado T, Rai T,
Uchida S.

Reduce the Progression of Chronic

report from  the

Vitamin D Analogs

Kidney Disease: Chronic Kidney
Disease Research of Outcomes in
Treatment and Epidemiology Study
(CKD-ROUTE  Study). The 47th
Annual Meeting of American Society
of Nephrology, Philadelphia,
November. 2014.

Thara K, Iimori S, Okado T, Rai T,
Uchida S, Sasaki S. Association renal
prognosis ~ with  clinical  and
pathological findings in
Immunoglobulin
The 14th Asian Pacific Congress of
Nephrology. Tokyo, May. 2014.

Thara K, Iimori S, Okado T, Rai T,

Uchida S, Sasaki S. Association renal

A nephropathy.

prognosis ~ with  clinical  and

pathological  findings in IgA
nephropathy: A three year follow-up.
51st ERA-EDTA

Amsterdam, June. 2014.

Congress.

Iimori S, Nishida H, Yamamura C,
Kihira H, Yui N, Ohta A, Okado T,
Noda Y, Rai T, Uchida S, Sasaki S.
Anemia
cardiovascular risk in newly visited
CKD patients in Japan. The 14th

Asian

management and

Pacific Congress of
Nephrology. Tokyo, May. 2014.

Inoue Y, Sohara E, Kobayashi K, Rai
T, Ishibashi K, Horie S, Su X, Zhou J,
Sasaki S, Uchida S. Elongated ciliary
length of proximal tubules in a PKD
model AQP11 knockout mouse. The
47th Annual Meeting of American
Society of Nephrology, Philadelphia,
November. 2014.

Inoue Y, Sohara E, Kobayashi K,
Chiga M, Rai T, Ishibashi K, Horie S,
Su X, Zhou J, Sasaki S, Uchida S.
Aberrant glycosylation and
localization of polycystin-1 cause
polycystic kidney in
AQP11-knockout mice The 14th
Asian Pacific Congress of
Nephrology. Tokyo, May. 2014.
Kawasaki T, Ando R, Maeda Y, Arai
Y, Sato H, Iimori S, Sohara E, Okado

T, Rai T, Uchida S, Sasaki S. Higher



10.

11.

12.

serum phosphorus levels at the initial
visit predict more rapid decline in
kidney function in pre-dialysis CKD
patients in Japan. 51st ERA-EDTA
Congress. Amsterdam, June. 2014.
Mori T, Hosomichi K, Sohara E, Rai
T, Sasaki S, Inoue I, Uchida S.
Comprehensive diagnosis of
hereditary kidney diseases by a
customized diagnostic panel of
targeted exome sequencing The 47th
Annual Meeting of American Society
of Nephrology, Philadelphia,
November. 2014.

Mori Y, Wakabayashi M, Mori T,
Zeniya M, Sohara E, Rai T, Sasaki S,

Uchida S. p62-mediated selective

autophagy is involved in
KLHL3-dependent WNK4
degradation. The 47th  Annual

Meeting of American Society of
Nephrology, Philadelphia, November.
2014.

Naito S, Iimori S, Okado T, Rai T,
Uchida S, Sasaki

between the blood pressure control

S. Association

status and one year decline of renal
function
patients in Japan. S1st ERA-EDTA
Congress. Amsterdam, June. 2014.

Nishida H, Iimori S, Okado T, Rai T,
Uchida S, Sasaki S.

management and cardiovascular risk

in newly visited CKD

Anemia

13.

14.

15.

16.

in newly visited CKD patients in
Japan. 51st ERA-EDTA Congress.
Amsterdam, June. 2014.

Sohara E, Susa K, Rai T, Zeniya M,
Mori Y, Sasaki S, Uchida S. Impaired
degradation of WNK1 and WNK4
kinases causes PHAIl in Mutant
KLHL3 knock-in mice. The 14th
Asian  Pacific =~ Congress  of
Nephrology. Tokyo, May. 2014.

Susa K, Sohara E, Rai T, Zeniya M,
Mori Y, Mori T, Chiga M, Takahashi
D, Isobe K, Inoue Y, Takeda N,
Sasaki S, Uchida S. Molecular
Pathogenesis of  PHAI in
KLHL3R528H/+ Knock-In Mice.
The 47th Annual
American Society of Nephrology,
Philadelphia, November. 2014.
Uchida S. Impaired
KLHL3-Mediated Ubiquitination of
WNK4 Causes Human Hypertension.
The 47th Annual
American Society of Nephrology,
Philadelphia, November. 2014.
Yamaguchi W, Yui N, Nagao T,
Azetsu H, Iimori S, Sohara E, Okado
T, Rai T, Sasaki S, Uchida S. BIJP

Meeting of

Meeting of

lambda-type  multiple = myeloma
successfully withdrawn from
maintenance  hemodialysis  after
long-term continuous bortezomib

and dexamethasone therapy. The



17.

18.

19.

47th Annual Meeting of American
Society of Nephrology, Philadelphia,
November. 2014.

Yoshizaki Y, Sohara E, Mori T, Mori
Y, Araki Y, Wakabayashi M, Rai T,
Sasaki S, Uchida S. Phosphorylation
of KLHL3 in the kelch-repeat
regulates its binding ability to WNK4.
The 47th Annual Meeting of
American Society of Nephrology,
Philadelphia, November. 2014.

Yui N, Sasaki S, Uchida S. Increased
phosphorylation of Ser-269 is not
sufficient for regulated AQP2 apical
accumulation. The 47th Annual
Meeting of American Society of
Nephrology, Philadelphia, November.
2014.

Zeniya M, Morimoto N, Takahashi D,
Mori Y, Mori T, Ando F, Araki Y,
Yoshizaki Y, Inoue Y, Ishobe K,
Nomura N, Oi K, Nishida H, Sasaki
S, Sohara E, Rai T, Uchida S.
KLHL2 mediates angiotensin
II-WNK3 singaling involved in the
regulation of vascular tonus The 47th
Annual Meeting of American Society
of Nephrology, Philadelphia,
November. 2014.

H. ZREEFHED HRE - BERR DL
ZEEL,






RS @R T SR B &

BRRB T RATSE 2 (AR S E R LT Je

(BRBEREMIEEZE) )
(5318) WrFEsREE

ERIRBRGN  BURERMER R E M B R R

]

AT H 12002, Fri- RS RZEELEET L~ 7 AERE1TH & &bz, BE
R L BB EET A~ A THAWKAER ) v 7 4V~ R
EEZER L, FEEIRCE X G E BRI L VAL T 5,
EH LV TCOMBHBEINS, BEDT 7 ) ao—Th, REFORAERD
HELZFEFH L, mRMA VN VOBBFEFTEZT LA LIRERS—7 = —%
Az RNA-seq TITV, HbETv—I—¢ LTCORESFELZHEFL Y
T RT 4 v RS CHIP 3 — 27 = RJEIC TR LT,

A HIEEH

WNK 59— v 7 F A RESRDOTLEI,
woaRZERILEEZS &7,
Hx X+ CITBEET LV RRTr >
fE 11 A (PHAID) % 5[4 29 WNK4
DERLFELEEALSDET ALY
A (WKAER ) v 74~ R) BAE
B% U PHAITI DJRAEZEA LM LT E T2,
Bl WNK 3 F~— B LASMT #7212 KLHL3
& Cullind &= EE 43 PHAIT % 5]
TR TEIRINT,
AHFFETIX WNKL / v 7 A <= R|Z
BWTHSARN 2 e\ RIF T
BELEA2 OMENRBITICLIVEAL
MIITAHIEEENET S, BT,
WECEFEVERRICAREZH L2 KLHL3 B R / v
7 AT ABRENTIZINZ WNKS />
JA V<R EDELU[LHEESE
BHOMZT D2 & T, FilmplEas R b
VAISERFEZR O IZT 5,

B. #f3HIE

YR DTTE LT 5 WNK4 B R
J I A =R, Ao LIEHE
DEBERERZT, ESE(EL L
TEMEM., MR, R, kR E) I
17 5 mRNA BB DMEREAIFENT 21TV,
WA CERICKIST 50106
WEBD, £z, TORT V) —=2F
DEERE % 1T 572 WNK4 R LIS
TPHAII 5| X ZTIREET L~
A (KLHL3 / v 7 A >~ R) HF|H
LU CRBR O 21TV, FHFDET L
THEBEBLTCALNAHGEEEHER b
VAN E T AERT DOF S0 ERm &
MW 5, mRMA L~UL D FEIARAT
7 vA ErER Y — Y —%
A7z RNA-seq TITV, b T~
— A — ¢ LTORB/REZHFLT
TV =RT 4 v 772 bt CHIP
V=g T RAEERWZE XA RO
AFMEEREL LTIRR Lz, &5
W, BN ERBITOREgESZER



Licl=¥, BT — & CEELMED L
REE Do FIZfR > T, o ARREOHE)
AR ) —=2 T Lz,

C. WFoEREHR

B EET Vv~ U AERE . Ml R R
Bric ko, WHRMMIOSETD~—h
— DR LT, DNA~A 77T
LA BLO®ERY— = —%
AV 7z RNA-seq 24T 9 F T, HHMHED
TWF—anE o, Bk Ot
BRESR L, AT o A fEFTELEAL
T, ByAw., MEETELRRD
NA55F%FE L, —F. FERIET
Tk A RrDAF MK B HE
TCHIP > — 7 = A H4TV  mRNA L
NV TCEEBT HEEFOFBHRE HD
BT, TV =RT 1 v 7 BREAD,
REHIEHORK &R TWD T %
BAEREICARTh Uiz, T D OERGS
FDONRA Fw—T—& L TOEHER,
EEOREIZEDO LI IZBEbb> T
HOBEtE ., ERINIT>Tn5d, —
T BRILT—FNEDAT ) —= 7
T, KIERES T E AN & BEE
THZLEERWEL, RE~0OEE%
BEHTH D,

D. E%

WEARRSPCILED /A < — 0 —F
i, EAL-LTREELNI & ¥
BAL. mRNA L~ULTOREE LU
EEAORMLT — 4 ZINEL, AL
ERy T E&ELNT,

E. &

FHREMEET VEMDEANIZLY
WA BRRRMEDNA A~ —h—
RICERARERIFEONT,

G. WFgEFEER
1. Ew3CFER

1. Inoue Y, Sohara E, Kobayashi K,
Chiga M, Rai T, Ishibashi K, Horie S,
Su X, Zhou J, Sasaki S, Uchida S.
Aberrant glycosylation and
localization of polycystin-1 cause
polycystic kidney in an AQPI1
knockout model. J] Am Soc Nephrol.
25(12):2789-99, 2014.

2. Kikuchi E, Mori T, Zeniya M, Isobe
K, Ishigami-Yuasa M, Fujii 8,
Kagechika H, Ishihara T, Mizushima
T, Sasaki S, Sohara E, Rai T, Uchida
S. Discovery of Novel SPAK
Inhibitors That Block WNK Kinase

Chloride
Transporters. J Am Soc Nephrol.
ASN.2014060560. [Epub ahead of
print] 2014.

3. Susa K, Sohara E, Rai T, Zeniya M,
Mori Y, Mori T, Chiga M, Nomura N,
Nishida H, Takahashi D, Isobe K,
Inoue Y, Takeishi K, Takeda N,
Sasaki S, Uchida S.
degradation of WNK1 and WNK4
kinases causes PHAIl in mutant
KLHL3 knock-in mice. Hum Mol
Genet. 23(19):5052-60, 2014.

4. Takahashi D, Mori T, Nomura N,
Khan MZ, Araki Y, Zeniya M,
Sohara E, Rai T, Sasaki S, Uchida S.
WNK4 is the major WNK kinase

Signaling to  Cation

Impaired



positively regulating NCC in the
mouse Biosci
34:195-205, 2014.

Uchida S, Sohara E, Rai T, Sasaki S.

Regulation of with-no-lysine kinase

kidney. Rep.

signaling by Kelch-like proteins.
Biol Cell. 106(2):45-56, 2014.

e

Inoue Y, Sohara E, Kobayashi K, Rai
T, Ishibashi K, Horie S, Su X, Zhou J,
Sasaki S, Uchida S. Elongated ciliary
length of proximal tubules in a PKD
model AQP11 knockout mouse. The
47th Annual Meeting of American
Society of Nephrology, Philadelphia,
November. 2014.

Inoue Y, Sohara E, Kobayashi K,
Chiga M, Rai T, Ishibashi K, Horie S,
Su X, Zhou J, Sasaki S, Uchida S.
Aberrant glycosylation and

localization of polycystin-1 cause

polycystic kidney in
AQP11-knockout mice The 14th
Asian  Pacific =~ Congress  of

Nephrology. Tokyo, May. 2014.

Kawasaki T, Ando R, Maeda Y, Arai
Y, Sato H, Iimori S, Sohara E, Okado
T, Rai T, Uchida S, Sasaki S. Higher
serum phosphorus levels at the initial
visit predict more rapid decline in
kidney function in pre-dialysis CKD
patients in Japan. 51st ERA-EDTA

5.

Congress. Amsterdam, June. 2014.
Mori T, Hosomichi K, Sohara E, Rai
T, Sasaki S, Inoue I, Uchida S.
Comprehensive diagnosis of
hereditary kidney diseases by a
customized diagnostic panel of
targeted exome sequencing The 47th
Annual Meeting of American Society
of Nephrology, Philadelphia,
November. 2014.

Mori Y, Wakabayashi M, Mori T,
Zeniya M, Sohara E, Rai T, Sasaki S,

Uchida S. p62-mediated selective

autophagy is involved in
KLHL3-dependent WNK4
degradation. The 47th Annual

Meeting of American Society of
Nephrology, Philadelphia, November.
2014.

Sohara E, Susa K, Rai T, Zeniya M,
Mori Y, Sasaki S, Uchida S. Impaired
degradation of WNK1 and WNK4
kinases causes PHAII in Mutant
KLHL3 knock-in mice. The 14th
Asian  Pacific Congress  of
Nephrology. Tokyo, May. 2014.

Susa K, Sohara E, Rai T, Zeniya M,
Mori Y, Mori T, Chiga M, Takahashi
D, Isobe K, Inoue Y, Takeda N,
S, Uchida S. Molecular
Pathogenesis of  PHAI in
KLHL3R528H/+ Knock-In Mice.

The 47th Annual Meeting of

Sasaki



10.

American Society of Nephrology,
Philadelphia, November. 2014.

Yamaguchi W, Yui N, Nagao T,
Azetsu H, Iimori S, Sohara E, Okado
T, Rai T, Sasaki S, Uchida S. BIJP

lambda-type = multiple = myeloma
successfully withdrawn from
maintenance  hemodialysis  after
long-term  continuous bortezomib

and dexamethasone therapy. The
47th Annual Meeting of American
Society of Nephrology, Philadelphia,
November. 2014.

Yoshizaki Y, Sohara E, Mori T, Mori
Y, Araki Y, Wakabayashi M, Rai T,
Sasaki S, Uchida S. Phosphorylation
of KLHL3 in the
regulates its binding ability to WNK4.
The 47th Annual
American Society of Nephrology,
Philadelphia, November. 2014.
Zeniya M, Morimoto N, Takahashi D,
Mori Y, Mori T, Ando F, Araki Y,
Yoshizaki Y, Inoue Y, Ishobe K,
Nomura N, Oi K, Nishida H, Sasaki
S, Sohara E, Rai T, Uchida S.
KLHL2 angiotensin
II-WNK3 singaling involved in the

kelch-repeat

Meeting of

mediates

regulation of vascular tonus The 47th
Annual Meeting of American Society
of Nephrology, Philadelphia,

November. 2014.

H. FnE9RMEEME D HHFE - BRI
AL,



. WFFEAROTITICET 2 —FER



MR OTITICE T 5 —BR VAT U b

MRS
BERERSL B W FBRE4 B ~— HERAE

Kikuchi E, Mori [Discovery of novel J Am Soc Epub 2015
T, Zeniya M, SPAK inhibitors that [Nephrol ahead of
Isobe K, block WNK kinase print
Ishigami-Yuasa |signaling to cation
M, Fujii S, chloride transporters.
Kagechika H,
Ishihara T,
Mizushima T,
Sasaki S, Sohara
E, Rai T, Uchida
S.
Zeniya M, Mori [Kelch-like protein 2 m{J Am Soc Neph [Epub a 2015
moto N, Takah [ediates angiotensin II-|rol head of
ashi D, Mori Y, |with no lysine 3 signa print

Mori T, Ando |ling in the regulation
F, Araki Y, Yos|of vascular tonus
hizaki Y, Inoue

Y, Isobe K, No
mura N, O1 K,
Nishida H, Sas
aki S, Sohara
E, Rai T, Uchid
a S.
Inoue Y, Sohara |Aberrant glycosylation |J Am Soc 25 2789-99 2014
E, Kobayashi K, [and localization of Nephrol
Chiga M, Rai T, [polycystin-1 cause
Ishibashi K, polycystic kidney in an
Horie S, SuX, [AQP11 knockout
Zhou J, Sasaki |model.
S, Uchida S.
Susa K, Sohara [Impaired degradation |[Hum Mol Genet. |23 5052-60 12014
E, Rai T, Zeniya |of WNK1 and WNK4
M, Mori Y, Mori [kinases causes PHAII
T, Chiga M, in mutant KLHL3
Nomura N, knock-in mice.
Nishida H,
Takahashi D,
Isobe K, Inoue Y,
Takeishi K,
Takeda N,
Sasaki S, Uchida
S.
Takahashi D, |WNK4 is the major Biosci Rep. 34 195-205 2014
Mori T, Nomura (WNK kinase positively
N, Khan MZ, regulating NCC in the

ArakiY, Zeniya
M, Sohara E, Rai
T, Sasaki S,
Uchida S.

mouse kidney.




Uchida S, Regulation of Biol Cell. 106 45-56 2014
Sohara K, Rai T, jwith-no-lysine kinase
Sasaki S. signaling by Kelch-like
proteins.
Uchida S. Regulation of blood Curr Opin 23 487-493 2014
pressure and renal Nephrol
electrolyte balance by |Hypertens.

Cullin-RING ligases.




IV. WFFEECE DB



| BASIC RESEARCH | wwwiasn.org

Discovery of Novel SPAK Inhibitors That Block WNK
Kinase Signaling to Cation Chloride Transporters
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Shinya Fujii,* Hiroyuki Kagechika,™ Tomoaki Ishihara,® Tohru Mizushima,® Sei Sasaki,*
Eisei Sohara,* Tatemitsu Rai,* and Shinichi Uchida*

*Department of Nephrology, Graduate School of Medical and Dental Sciences, TChemical Biology Screening Center,
and *Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Tokyo, Japan; and
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ABSTRACT

Upon activation by with-no-lysine kinases, STE20/SPS1-related proline-alanine-rich protein kinase (SPAK) phos-
phorylates and activates SLC12A transporters such as the Na*-Cl™ cotransporter (NCC) and Na*-K*-2CI~
cotransporter type 1 (NKCC1) and type 2 (NKCC2); these transporters have important roles in regulating BP
through NaCl reabsorption and vasoconstriction. SPAK knockout mice are viable and display hypotension with
decreased activity (phosphorylation) of NCC and NKCC1 in the kidneys and aorta, respectively. Therefore,
agents that inhibit SPAK activity could be a new class of antihypertensive drugs with dual actions (i.e., NaCl
diuresis and vasodilation). In this study, we developed a new ELISA-based screening system to find novel SPAK
inhibitors and screened >20,000 small-molecule compounds. Furthermore, we used a drug repositioning
strategy to identify existing drugs that inhibit SPAK activity. As a result, we discovered one small-molecule
compound (Stock 15-14279) and an antiparasitic agent (Closantel) that inhibited SPAK-regulated phosphory-
lation and activation of NCC and NKCC1 in vitro and in mice. Notably, these compounds had structural similarity
and inhibited SPAK in an ATP-insensitive manner. We propose that the two compounds found in this study may
have great potential as novel antihypertensive drugs.

J Am Soc Nephrol 26: ese—eee, 2014. doi: 10.1681/ASN.2014060560

Hypertension is one of the most important health
problems worldwide because it may cause heart
attack and stroke, which occur frequently at present.
New insight into the mechanisms of BP regulation
was recently provided by studies on monogenic
hypertensive diseases such as Liddle’s syndrome and
pseudohypoaldosteronism type II (PHAII).!:2
PHAIIis an autosomal dominant disease character-
ized by hypertension, hyperkalemia, and metabolic
acidosis. With-no-lysine kinase WNK1 and WNK4
mutations were identified as the genes responsible
for PHAITL3 We previously generated PHAII model
mice (the WnkaP%'A"* knock-in mouse) that car-
ried the same mutation as patients with PHAII and
discovered that the constitutive activation of the
WNK-Oxidative stress-responsive 1 (OSR1) and
STE20/SPS1-related proline—alanine-rich protein
kinase (SPAK)-NaCl cotransporter (NCC) signal
cascade is the major pathogenic mechanism of

J Am Soc Nephrol 26: eee—eee, 2014

PHAIL*5 The increased phosphorylation and activa-
tion of NCC induces excessive NaCl reabsorption in
the kidney and causes salt-sensitive hypertension.
OSR1/SPAK kinases phosphorylate and activate not
only NCC but also other Slc12a transporters such as
Na*-K"-2Cl™ cotransporter type 1 (NKCC1) and
type 2 (NKCC2).6 Recent studies demonstrated the
notion that WNK-OSR1/SPAK-NKCCI phosphory-
lation and activation in vascular smooth muscle cells
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