
 ORCA – Online Research @
Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/110735/

This is the author’s version of a work that was submitted to / accepted for publication.

Citation for final published version:

Bazua-Valenti, Silvana, Rojas-Vega, Lorena, Castaneda-Bueno, Maria, Barrera-Chimal, Jonatan, Bautista,
Rocio, Cervantes-Perez, Luz G., Vazquez, Norma, Plata, Consuelo, Murillo-de-Ozores, Adrian R.,

Gonzalez-Mariscal, Lorenza, Ellison, David H., Riccardi, Daniela , Bobadilla, Norma A. and Gamba,
Gerardo 2018. The calcium-sensing receptor increases activity of the renal NCC through the WNK4-SPAK

pathway. Journal of the American Society of Nephrology 29 (7) , pp. 1838-1848. 10.1681/ASN.2017111155 

Publishers page: https://doi.org/10.1681/ASN.2017111155 

Please note: 
Changes made as a result of publishing processes such as copy-editing, formatting and page numbers may
not be reflected in this version. For the definitive version of this publication, please refer to the published

source. You are advised to consult the publisher’s version if you wish to cite this paper.

This version is being made available in accordance with publisher policies. See 
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications made

available in ORCA are retained by the copyright holders.



A. B.



A. B.

2

4

6

8

10

pS
PA
K/
SP
AK

	(F
ol
d	
Ch

an
ge
)

*

+- +- +- +-

SPAK
-
-

SPAK
-

CaSR

SPAK
mWNK4

-

SPAK
mWNK4
CaSR

R-568	

C. D.

1

2

3

pS
PA
K/
SP
AK

	(F
ol
d	
Ch

an
ge
)

WNK463
R-568

+ +
+ +
--

- -

* ***

pSPAK	(S373)

hSPAK	(GFP-HA)

36

95

95

b-actin

++
++ -

--
-

++
++ -

--
-

R-568

WNK463

kDa

SPAK-mWNK4-CaSR

Em
pt
y

CaSR

mWNK4	(HA)

pSPAK	(S373)

pERK

SPAK
-
-

SPAK
mWNK4

-

SPAK
-

CaSR

SPAK
mWNK4
CaSR

+ + + +kDa

hSPAK	(GFP-HA)

36

95

95
130

250

R-568

b-actin
36



A. B.

CaSR

mWNK4	(HA)

b-actin

Em
pt
y

mWNK4
Ca
SR
	W

T
Ca
SR
-E
22

8K
Ca
SR
-R
18

5Q

Ca
SR
	W

T
Ca
SR
-E
22

8K
Ca
SR
-R
18

5Q

+ + + + Klhl3 DNAkDa

250

130

36

0.5

1.0

1.5

W
NK

4/
β-
ac
-n

	(F
ol
d	
Ch

an
ge
)

CaSR
WT

CaSR
E228K

CaSR
R185Q

Klhl3	DNA + + +

WNK4 WNK4

+

ns

-

**
***

**

C. D.

1

2

3

W
NK

4/
β-
ac
,n

	(F
ol
d	
Ch

an
ge
)

CaSR
WT

CaSR
E228K

CaSR
R185Q

Klhl3	DNA ++ + +

Control

**

1

2

3

W
NK

4/
β-
ac
,n

	(F
ol
d	
Ch

an
ge
)

CaSR
WT

CaSR
E228K

CaSR
R185Q

Control

ns

- - - -



A. B.

pRRXS

KLHL3(Flag)

IP:	Flag
Ca
SR
	w
t

Ca
SR
	E
22

8K

Ca
SR
	R
18

5Q

Em
pt
y

kDa

72

72

72

+ + BIM

pRRXS

KLHL3(Flag)

Ca
SR
	w
t

Ca
SR
	E
22

8K

Ca
SR
	E
22

8K

Ca
SR
	E
22

8K

IP:	Flag
kDa

72

C. D.

hSPAK	(HA)

250

130

95

95

CaSR

mWNK4	(HA)

pSPAK	(S373)

pERK

SPAK
WNK4
CaSR

SPAK
5A
CaSR

+ + R-568kDa

36
36 b-actin

SPAK-WNK4-CaSR
+ + R-568

130

130
95

95

36

36

kDa

hSPAK	(HA)

pWNK4	S1196

mWNK4	(HA)

pSPAK	(S373)

pERK

b-actin

1

2

3

4

pR
RX

S/
KL
H
L3

	(F
ol
d	
Ch

an
ge
)

**

CaSR
WT

CaSR
E228K

CaSR
R185Q

Control

0.5

1.0

1.5

2.0

pR
RX

S/
KL
H
L3

	(F
ol
d	
Ch

an
ge
)

+-
KLHL3

CaSR	E228K

BIM

*

1

2

3

4

pS
11
96
/W

NK
4

	(F
ol
d	
Ch

an
ge
)

+-
SPAK

mWNK4
CaSR

R-568	

*

0.5

1.0

1.5

2.0

2.5

pS
PA
K/
SP
AK

	(F
ol
d	
Ch

an
ge
)

***

+-

SPAK
mWNK4
CaSR

+-

SPAK
mWNK4-5A

CaSR

R-568	



C. D.

A. B.

pNCC (T45,50,55)130

130

kDa Vehicle R-568

NCC

SPAK243A/243A

E.

130 pNCC (T45,50,55)

130 NCC

130 WNK4

kDa
Vehicle R-568

WT

b-actin36

130
pWNK4	(S64)

0.5

1.0

1.5

2.0

2.5

pN
CC

/N
CC

	(F
ol
d	
Ch

an
ge
)

Vehicle	 R-568

*

0.5

1.0

1.5

2.0

2.5

W
NK

4/
β-
ac
An

	(F
ol
d	
Ch

an
ge
)

Vehicle	 R-568

*

1

2

3

pN
CC

/N
CC

	(F
ol
d	
Ch

an
ge
)

Vehicle	 R-568

ns

pNKCC2	(S91)130

130

kDa Vehicle R-568

NKCC2

WT

0.5

1.0

1.5

pN
KC
C2
/N
KC
C2
	

(F
ol
d	
Ch

an
ge
)

Vehicle	 R-568

*

WNK4

DAPI

F. G.

R-
56

8
Ve

hi
cl
e

NCC DAPI Merge

NCC DAPI Merge

b-actin
36



C. D.

A. B.

kDa
Vehicle Furosemide

WT

pNCC (T45,50,55)130

NCC
130

b-actin
36

130
pWNK4	(S64)

WNK4
130

36
b-actin

kDa
Vehicle Furosemide

WT

2

4

6

8

pN
CC

/N
CC

	(F
ol
d	
Ch

an
ge
)

Vehicle	 Furosemide

*

1

2

3

W
NK

4/
β-
ac
,n

	(F
ol
d	
Ch

an
ge
)

Vehicle	 Furosemide

*



A. B.

5

10

15

20

pN
CC

/N
CC

	(F
ol
d	
Ch

an
ge
)

Vehicle	 R-568

**

5

10

15

20

pS
PA
K/
SP
AK

	(F
ol
d	
Ch

an
ge
)

Vehicle	 R-568

*

130

130

55

55

kDa

36

Vehicle
R-586	

(0.60	µg/ml/min)

pNCC
(T45,50,55)

NCC

pSPAK
(S373)

SPAK

b-actin



K	+ ROMK
ATPase

Na	+ 

K	+ 

Cl- CLCKB

NKCC2

Na+

Cl-

K	+ 

+ -

Ca2+ 

Ca2+ 

TALH cellCln-14/16

Ca2+
Transepithelial 

voltage

Increased calcium and 
salt delivery to the distal 

nephron

CaSR	

Hypercalcemia

Cl-

ATPase

Na+

K+

Cl-
CLCKB

KCN
J10

K+

DCT cell

Na+

NCC

Ca2+ 

CaSR	

Gaq/11

PKC

Calcium 
excreOon

Salt 
recovery

KLHL3
P WNK4

WNK4

SPAK

P

P

WNK4
P

P

P




