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LCE<FHMisnTz, £7220 WNK FF—FDRiL, &
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72o Fo, EMZEBWTIE KLHL3 OEBEFFOBE DS
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DFEFFH A T o7z,

ZNBDARIZEBITSEO KLHL3 (255 WNK /) fiF%
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2. 2 KLHL3RS28H* o H 422y X PHAIl DIERE 2
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ZD w74~ A PHAIL OJERE A9 5305 4
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KLHL3RZW oy 77 A e 7 20T M 43 % 52 P v i
(Figure 2) . & K MUJE, fGEHMET S R— A (Table 1) %
2L, RAEREGTDERFRICL, PHAII OFET L~ A
THHZENFEAENTZ, ZOFH|IZEY, KLHL3 D28 FN

EDIHIRSF A=A T PHAIl 2 2505545
72D DOETINVELTHEHRIRE THL R MRS T2,

normal-salt diet high-salt diet
(mmHg) (mmHg)
160 160
140 4 - 140
120 47 -8 4 120
1004{° 7 " 100

80 +—+—7———— 80 +——mm——

ST SSSSSE

WT
KLHL3R528H/+

Figure 2. KLHL3®2H* 7w 7 A 2 <17 Z (3 high-salt
diet(8% ) T TRl Ex 7%

WT KLHL3 locus {ex13} Jextd}———{ exi5 | _
N _SA probe
_ o _RE28H ™ ceec®canac
Targeting vector ] ©x13 [l 14 Jrf] PGK Neo ex15 ={HSV-TK
loxP
* Bl I R |R528H N
Hindlll
Targeted locus(flox) { ex13} { 6x14 Jrmnd] PGK Neo ex15
Bglll Bgl Il Hindlll
Hindilll
Targeted locus [ex13} ex14 ex15
(after Cre recombination) — -
Bglll Bgl Il Hindlll
Hindlll

Figure 1. ZBRAGE AL H—F T 40 7 Ry 8 —2AFRIL | ES MIfISEAL T/ ol A~ A& Ei

Table 1. KLHL3R28H* )oy 7 02 <7 2038 K IfLE ., (REIET S R — 2% 2925

WT (n=12) R528H/+ (n = 12) p
Na* (mmol/l) 149.0 = 0.4 149.7 + 0.4 0.295
K* (mmio/l) 4.1+ 0.1 4.8+ 0.1 <0.001
Cl (mmol/l) 113.1 = 0.4 116.0 = 0.6 0.002
BUN (mg/dl) 241 = 1.4 22.9 = 0.9 0.095
Glu (mg/dl) 221.8 + 8.3 2193 = 114 0.861
pH 7.321 = 0.008 7.287 = 0.011 0.025
pCO2 445 = 1.4 461 = 1.6 0.464
HCO3 235 = 0.4 217 £ 04 0.009
AnGap (mmol/dl) 16.5 + 0.5 16.4 = 0.5 0.87
Hb (g/dl) 147 + 0.3 146 + 0.2 0.86
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Figure 3. KLHL3®R2H <7 2B Gk WNK-OSR1/SPAK-NCC U b s A — R TLEL TD
577257 (Figure 4) , 059213 KLHL3 7% WNK1,
(fold) WNK1 (fold) WNK4 WNK4 #5500 WNK % F—BaHz Co o532
15 | 15 ZLCEA T ABNRHEHZIT > TS FRKEHRRIL
N.S. N.S. L7z,
1 Lt 2. 4 BEEHERMEIHTE WNKT, WNKE DRBR
0.5 - 0.5 - &
NCC [ XBE D mAL R 12D HRFEBLL TNDT=D
0 0 e
WT R528H/+ WT R528H/+ ZKVWWM_UQ\ZD WNK %7 —B 0B Dz uﬁ<

Figure 4. real time PCR O#% 4, KLHL3R W <oy 2B ¢
IZ WNKI1, WNK4 @ mRNA #1386

2. 3 WNK1&EWNK4 DOEAD WNKFF—EDRU /N
DFBH KLHLRBH )y 4D A TIETTHL .
TiRdD OSR1/SPAK-NCC U EEES T FILETT
#IES

> Western blotting T, PHAII DK 725

WNK1 & WNK4 O 5D WNK F T —EB DX /738

DILEL TV, EHIT, T OSR1/SPAK-NCC Vi

b A —RIT T CTTLEL CTRY., 50D feedback T

1372< WNK FBETTENFOF-5FKNTHLENHD

7257 (Figure 3), 72, WNK1 & WNK4 © mRNA

LoUUEE M) RT-PCR 12X 7C, #EANL TR0

B CHIINL T Eaot e Yt CRER L 72, LA T

DN RTEHC, KLHL3 1B bz R e (2 7L

MFRHHIL, WNKI/WNK4 Eb [T R AIE TORBLN

TLHEEL TV D FELHEFE S 4L7- (Figure 5), 97205
KLHL3 (25% WNK - —E D3R 0L R C
FEREL . FIiD NCC £TORNSTWAHENHALIITAR
o7,
2.5 KLHL3 R528H ZE®M WNK #E&8ENDIET

KLHL3 ¢ R528H % 51235 WNK 43 A RiED 75 F
AT = A LNEB 5229 5729 12, fluorescence
correlation spectroscopy %z T, WNKI1, WNK4 &
KLHL3 DO#fFE I DWW THRETL 7275 R WNK1, WNK4
IREBICE AT KLHL3 B R EITR G T 575, £ %A
KLHL3 R528H HEHEIIHEA TERWI LN RS
(Figure 6) ,
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wild type

wild type

KLH L3R528HI+

Figure 5. KLHL3®2W <7 257 JRAIE TlE WNK1, WNK4 &4, L 2351tk

WNK1
3204 Acidic motif
’«g_‘ 3 WTWNK1
3 3004 +GST-WT KLHL3
£ I
C 2801 .
2
% 260 | > WT WNK1
E S+ % . +GST-mutant KLHL3 R528H
T 220 F S
. . Acidic motif
0.01 0.1 1 10
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concentration (uM)

diffusion time (ps)

non-binding

3001

280 4

260 |

240 ]

220

g v

WNK4

Acidic motif

I WTWNK4
1 4GST-WT KLHL3
@ KLHL3
N t WT WNK4
A . +GST-mutant KLHL3 R528H

% ¢ '_
Acidic motif

0.01 0.1 1 10
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Figure 6. WNK1, WNK4 & wild-type KLHL3 |35 49°%7%, KLHL3 R528H [T#& A L7

3. BERBFIVSRORE

PLEOm AN, KLHL3 A RIZE5 PHAIL %, 225
KLHL3 7% WNK1, WNK4 LA T&7pdipbziicdy,

INHEDOZEXRFALANEFEL . WNKI1 T WNK4 D

HEHEINT 5281285 T, WNK-OSR1/SPAK-NCC Y
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AWFFEICLY . KLHL3 OAERICHITHE O FEE RN
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VORI TH 5 (Figure 7).,

F72. WNK-OSR1/SPAK-NCC UV R{t A —RD
MFREIRFEL TN ETICAL R T VAT
I, 7VRAT R IR ERRESITNDA, Zhbe WNK
EENTET DR AT O TUIFELL D> TELT, 20
H#B431Z KLHL3 23> TWhaaffettb i L, 20RO

WNKIZKLHL3D & TEE 2SN .
BEICHFSATND

BREY, OWTCIIETHTRER S — 7 MR E ~ O B ER
JEENIZZ2 0 oD, Fali k41X WNK 27 F /LR
FEIDIE Y VYA T ARG A DR B D LR
HLTERY B I6R5813% BHEL CO RIS
N5,

KLHL3 D% $£-CWNK-OSR1/SPAK-NCC U fig{t. 7 A
F—RICEAENAETDENIZ T, WIS 2 1E, PHAII &
FH TR F 2BV T, KLHL3-Cullin3 E3 VA —%
DAEEE)IZ WNK-OSR1/SPAK-NCC Vgt A —K
ZIREIL CWDZEAERT D, 7725 KLHL3 A3
23T B F RN AFHEIC DU T B e A B A A
7L TNDEN) AR AR THIO CRE L 722812720
L1 D& M EDHFFERL B DO BIIC KR ERA L I
HI2HTHOEEZLND,

<PHAII>

© @ @ @ @ ©

ZFEKLHL3IZWNKERE S TEELV =80,
WNKMW RSN T ER-E0 B RINITE

Figure 7. KLHL3 #2515 PHAI FAED AN =K A
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Summary

Pseudohypoaldosteronism type II (PHAII) is a hereditary disease characterized by salt-sensitive hypertension
due to increased sodium reabsorption in the kidney, which is the result of activation of the WNK
kinase-OSR1/SPAK kinase-NaCl cotransporter (NCC) phosphorylation cascade. Activation of this WNK
phosphorylation signaling cascade in the kidney leads to increased sodium reabsorption through NCC. Mutations
in the with-no-lysine kinase 1 (WNK1) and WNK4 genes are known to be responsible for PHAIL. Recently, two
novel genes, KLHL3 and Cullin3, were identified as also being involved in PHAII pathology. KLHL3 is a
member of the BTB-BACK—Kelch family, which is a substrate adapter protein of Cullin3-based E3 ubiquitin
ligase complexes. We have previously reported that WNK4 is the substrate of KLHL3-Cullin3 E3
ligase-mediated ubiquitination. However, WNK1 and NCC were also reported to be targets of KLHL3-Cullin3
E3 ligase by other groups. Therefore, the targets of KLHL3 remain unclear, as well as their involvement in the
pathogenesis of PHAII. Moreover, all of these studies were performed on cultured cells. Thus, it was necessary
to clarify the pathophysiological role of KLHL3 in PHAII in an in vivo system.

In this study, we generated and analyzed KLHL3R*?8* knock-in mice, carrying the same mutation as PHAII
patients, to determine the pathophysiological role of KLHL3 in PHAII in vivo. These mice exhibited

3RSZHA mouse is an ideal model of PHAIL

salt-sensitive hypertension and hyperkalemia, indicating that the KLHL
Interestingly, we found increased protein expression levels of both WNK1 and WNK4 kinases in KLHL3R>28H+
mouse kidney in vivo, resulting in the activation of WNK-OSR1/SPAK-NCC phosphorylation signaling. In
addition, we confirmed that mutant KLHL3 R528H is not able to bind with the acidic motif of WNK1 and WNK4.
Here, we clarified that KLHL3 mutation results in the accumulation of both WNK1 and WNK4 due to the loss of
the ability of the Cullin3-KLHL3 E3 ligase complex to bind to WNK kinases in vivo. Thus, we demonstrated
pathogenesis of KLHL3 causing PHAII in vivo, for the first time.

Importantly, these results also indicate that this novel KLHL3 mediated regulation of WNK signaling is an
important physiological mechanism for sodium handling in the kidney. In this respect, we believe that our
findings could prove extremely valuable in furthering understanding of the physiological mechanisms underlying

sodium homeostasis in the kidney.
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