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- Thiazide-sensitive Na+ reabsorption
- Gitelman syndrome
- Hypovolemia,  hypomagnesemia and

hypocalciuria
Gamba et al. PNAS 1993; Simon et al. Nat Genet 1996
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Schlingmann et al. 2002; Walder et al. 2002
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Meij et al. Nat Genet 26: 265-266, 2000

- Gamma subunit of Na,K-ATPase

- Dominant isolated renal Mg2+ loss 

- Normocalcemia and Hypocalciuria 

- Expression in the DCT

FXYD2 mutated in IDHHFXYD2 mutated in IDHHFXYD2 mutated in IDHHFXYD2 mutated in IDHH

Adalat et al. JASN 20: 1123-31, 2009

- Hypomagnesemia and tetany

- Hepatocyte nuclear factor 1B (HNF1B),    
  transcription factor expressed in renal 

- Conserved HNF1 sites in FXYD2 gene 
- Hypermagnesuria and hypocalciuria

- HNF1B regulates transcription of FXYD2 
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Scholl et al. PNAS, 2009

- Hypomagnesemia, hypokalemia 

- Deafness, ataxia and mental 

- Mutation in basolateral K+ channel
retardation

KCNJ10/Kir4.1

    Bockenhauer et al. NEJM, 2009     

- Multimers with Kir5.1
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Stuiver et al. Am J Hum Genet 88: 333-43, 2011

- Hypomagnesemia 
- Fatique 

- Muscle problems
- Epileptic seizures

- Cardiac arrhythmias

CNNM2 in DHCNNM2 in DHCNNM2 in DHCNNM2 in DH

de Baaij et al. J Biol Chem 287: 13644-55, 2012
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Tejpar et al., Lancet Oncol. 8:387, 2007
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DiureticsDiureticsDiureticsDiuretics

1.0

0.8

0.6

0.4

0.2M
g2+

 c
on

ce
nt

at
io

n 
(m

m
ol

/L
)

10 20 30 40 50
Time (weeks) 

pancim cimpan pan cim

pantoprazole cimetidine

+Mg

Mg-supplements

Mackay et al. 2009

hypoMg

normoMg

Patient with 
complains  
hypoMg 

Proton0pump0inhibitors0and0hypomagnesemia0



Diabetes Mellitus: Type 2 & GestationalDiabetes Mellitus: Type 2 & GestationalDiabetes Mellitus: Type 2 & GestationalDiabetes Mellitus: Type 2 & Gestational

Clearly associated with Mg2+ loss

Plos One, 2012

Diabetes Care, 2011

Hypomagnesemia affects insulin 
resistance & increases risk for diabetes

Treatment with additional Mg2+ reduces 
progression from prediabetes to diabetes

Diabetes care, 2013

1 2 3 5 64

N C

V1393I

K1584E

Diabetes0Mellitus0and0Mg2+0balance

997 women

Women carrying TRPM6 V1393I and/or K1584E 
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3% pregnant women develop GDM

1 2 3 5 64

N C

V1393I

K1584E

Berlin0Birth0Cohort

IR-­α	
�
     NCC

merge	
�
    

Co-localization of IR and NCC in DCTCo-localization of IR and NCC in DCTCo-localization of IR and NCC in DCTCo-localization of IR and NCC in DCT

0

40

80

120

S
tim

ul
at

io
n 

(%
)

0.01

[Insulin] (nmol/L)

0.1 1 10

EC50 0.2 nmol/LEC50 0.2 nmol/LEC50 0.2 nmol/LEC50 0.2 nmol/L

HEK293HEK293HEK293HEK293

TRPM6

IR

0

0.2

0.4

0.6

I (
nA

/p
F)

TRPM6

*

TRPM6
S961

IR antagonist

control
insulin

MQ RT+ MQ RT+ RT-

DCTDCTDCTDCT
1.7

0.5

kb
1.7

0.5

kb HEK293HEK293HEK293HEK293

Insulin receptor (IR)Insulin receptor (IR)Insulin receptor (IR)Insulin receptor (IR)

TRPM60is0s*mulated0by0insulin

TIRF modeTIRF modeTIRF modeTIRF mode
60-100 nm60-100 nm60-100 nm60-100 nm

TIRF microscopyTIRF microscopyTIRF microscopyTIRF microscopy

0 26 36
TRPM6TRPM6TRPM6TRPM6

TRPM6 + insulinTRPM6 + insulinTRPM6 + insulinTRPM6 + insulin

GFP + insulinGFP + insulinGFP + insulinGFP + insulin

min

5 15 25 350 10 20 30

0

0.4

0.8

1.2

Δ
F/

F 0

Time (min)

insulin
control

TRPM6TRPM6TRPM6TRPM6

Cell0surface0TRPM60is0increased0by0insulin

Implications of SNPs in TRPM6Implications of SNPs in TRPM6Implications of SNPs in TRPM6Implications of SNPs in TRPM6

BMC Medical Genetics, 2009

1 2 3 5 64

V1393I

K1584E

Human TRPM6 VLVHLTGQTPVVSDWASVDE.....KMLTKDRRLSKKKKNTQGLQ....
1391   1393 1583  1584

SNPs in close vicinity to putative phosphorylation sitesSNPs in close vicinity to putative phosphorylation sitesSNPs in close vicinity to putative phosphorylation sitesSNPs in close vicinity to putative phosphorylation sites

putative phospho-site  
(cdk5 kinase) 

identified SNPs

0

100

400

C
ur

re
nt

 d
en

si
ty

I (
pA

/p
F)

TRPM6

*

V1393I K1584E

300

200

control
insulin

T1391A S1583A

T1391D S1583D

V1393I K1584E

* *

SNPs0in0TRPM60and0insulin0ac*on

!
Carsten Wagner!
Olivier Devuyst!

Department of Physiology !
University of Zürich!

Department of Physiology !
University of Zürich!

Department of Physiology !
University of Zürich!

Department of Physiology !
University of Zürich!

!
Anil Nair!

Anke Lameris!
Annemiete van der Kemp!

Bob Glaudemans!
Eline van der Hagen!
Femke van Zeeland!
Francesco Arjorna !
Jenny van der Wijst!

Jeroen de Baaij!
Kukiat Tudpor!
Liz Leunissen!

Nicolas Markadieu!
Pedro San-Cristobal!

Sergio Lainez!
Silvia Ferrè!

Sjoerd Verkaart!
Theun de Groot!

Wouter Tiel Groenestege!
!Joost Hoenderop!

Department of Physiology!
Radboud University Nijmegen!

Medical Centre

Department of Physiology!
Radboud University Nijmegen!

Medical Centre

Department of Physiology!
Radboud University Nijmegen!

Medical Centre

Department of Physiology!
Radboud University Nijmegen!

Medical Centre

www.PHYSIOMICS.eu

Vacancies!
Post.docs & PhD students!

Vacancies!
Post.docs & PhD students!

!

Vacancies!
Post.docs & PhD students!

Vacancies!
Post.docs & PhD students!

Martin Konrad!

Department of General !
Pediatrics, Münster!

Department of General !
Pediatrics, Münster!

Department of General !
Pediatrics, Münster!

Department of General !
Pediatrics, Münster!

Berthold Hocher!

Center for Cardiovascular!
Research, Berlin!

Center for Cardiovascular!
Research, Berlin!

Center for Cardiovascular!
Research, Berlin!

Center for Cardiovascular!
Research, Berlin!

!
Nine Knoers!

Department of Medical Genetics,!
University Medical Centre 

Utrecht!

Department of Medical Genetics,!
University Medical Centre 

Utrecht!

Department of Medical Genetics,!
University Medical Centre 

Utrecht!

Department of Medical Genetics,!
University Medical Centre 

Utrecht!

Max Delbrück Center for 
Molecular Medicine!

Berlin-Buch!

Max Delbrück Center for 
Molecular Medicine!

Berlin-Buch!

Max Delbrück Center for 
Molecular Medicine!

Berlin-Buch!

Max Delbrück Center for 
Molecular Medicine !

Berlin-Buch!

Marchel Stuiver!
Iwan Meij!

Dominik Müller

Sabine Tejpar!
Eric van Cutsem

Department Gastroenterology!
University of Leuven!

Department Gastroenterology!
University of Leuven!

Department Gastroenterology!
University of Leuven!

Department Gastroenterology!
University of Leuven!


