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W Active Mg?* reabsorption in the DCT
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M Isolated dominant renal hypomagnesemia

& Brazilian family

& hypomagnesemia due to renal Mg2* wasting

(plasma <0.4 mM Mg?*)

& normocalcemia and normocalciuria
> myokymia, seizures

& episodic ataxia

Pedigree
Phenotype

@ normal female W normal male
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W Active Mg?* reabsorption in the DCT

M Isolated dominant renal hypomagnesemia
SNP linkage analysis

control patient IV,3 chromosome 12

9.76cM critical region
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DCT

M Localization of Kv1.1 in the kidney

W Kv1.1 and hypomagnesemia

transcriptio

Apical Basolateral

M K* recycling at the basolateral membrane

Y subunit of Na,K-ATPase
seSAME/EAST syndrome
- Hypomagnesemia, hypokalemia

- Deafness, ataxia and mental
retardation

- Mutation in basolateral K* channel
KCNJ10/Kir4.1

- Multimers with Kir5.1

Apical Basolateral

Localization in DCT
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M Functional analysis of Kv1.1-N255D
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W FXYD2 and hypomagnesemia

FXYD2 mutated in IDHH
- HNF1B and hypomagnesemia
- Hepatocyte nuclear factor 1B (HNF1B),
transcription factor expressed in renal
- Hypomagnesemia and tetany
- Hypermagnesuria and hypocalciuria
- Conserved HNF1 sites in FXYD2 gene

Apical Basolateral - HNF1B regulates transcription of FXYD2
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[ COPAS sorting of mouse DCT tubules

GFP under —_
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y Transgenic mouse

expressing
fluorescent DCTs

Enzymatic digestion
of renal tubules

COPAS sorting
of GFP-positive
tubule segments

Cell sorting
for primary DCT

DCT-GFP mice IS

mRNA isolation
for genetic
screening




[ COPAS-sorted mouse DCT tubules I Mg?*-sensitive expression in the DCT

Relative mRNA levels in sorted DCT tubules Evolution of the resistance . Day Sox9
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N PCBD1 enhances HNF1B transcription I PCBD1 present in TAL & DCT

PCBD1 HNF1B
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M patients with PCBD1 mutations show renal Mg?* wasting [ PCBD1 mutations cause hypomagnesemia

® No cysts

Fold induction compared to
HNF1B/Mock (%)

PL P2 P3 Ref o - , ]
/ Na* (mmoi/y 141 138 139 135-145 g -
K* (mmairty 40 45 40 3.5-5.0 . 1 ol
TNV e 006470065 07407 T ‘ Foant
€a?* (mmoiy 241 225 243 22-2.65 /

) 6.6 35 2.2
FeCa () 0.9 0.9 <1

De Baaij et al, JASN 25:574, 2014




W New family with dominant hypomagnesemia M Isolated recessive renal hypomagnesemia

Y subunit of Na,K-ATPase Structure of pro-EGF 13.7 cM critical regm 132.1cM

CNNM2 in DH

- Hypomagnesemia NH2 5432623 pro-EGF D451575
- Fatique

-Mu.scle.prot.)lems ’”H HHHA— ”l H ” | ’
- Epileptic seizures 1 24
- Cardiac arrhythmias oo Chromosome 4 ©3209T

Genotype

Apical Basolateral

@ wild-type
Localization in DCT

extracellular
@ heterozygous

intracellular

P1070L @ homozygous

W Activation of TRPM6 by EGF W Conservation of P1070L in pro-EGF

Localization in DCT NHz Structure of pro-EGF

human AHY YRTOKLLSKNPKNYEESSRDVRSRRPADTEDGM
chimpanzee AHYYRTQKLLSKNPKNYEESSRDVRSRRPADTEDGM
i AHYYRTQKLLSKNPKNPYEESGRDVSGIRPADGEAGM
AHCYRTKKLPSKNLKNFYEESSRE--VSRPTDSEAGM
AHCYRTKKLSSKNLKN YEEPSREGSSSRPSDSEARM

bovine =YYYRTQKWLLKNPKN-CEEPSRDVIRSRPADGEAG—
u“'xf WS Wl black rat TYYYRTRKQLSESSKKSEESSSNVSSNGPDSSGAGV
brown rat TYYYRTRKQLSESSKK'SEESSSNVSSNGPDSSGAGV

P1070L mouse Y YYRTRKQLSNPPKNFCDEPSGSVSSSGPDSS-SG—

™ P1070L

EGF

Apical Basolateral EGFR COOH /

Patch clamp analysis
Potential functions of PXXP motif

& basolateral sorting motif for the EGFR in epithelial cells

Choowongkomon et al., ] Biol Chem, 2005
ECso = 1.7 nM

& motif in cathelicidins which enables insertion of carboxy-terminus in membrane
Yang et al., Biochemistry, 2006

TRPM6 current (pA/pF)

motif implicated in protein-protein interaction
Hou et al, PLOS, 2006; Kristenson et al., EMBO |, 2006

M Drug-induced hypomagnesemia M Proton pump inhibitors and hypomagnesemia

Proton Pump Inhibitors (Omeprazol)
Calcineurin inhibitors NGLAND

f MEDICINE
Cytostatics

Diuretics
Lameris et al,, Clin Sci. 123:1,2012

& The EGFR antagonist cetuximab causes
hypomagnesemia Patient with
IE

Colorectal cancer is third n;IDSt common X hypoMg [pantoprazole™ | cimetidine "Mg-supplements
malignancy worldwide (12%) 0 50 100 150 200 250

Renal Mg?* wasting treatment duration (days)
Tejpar et al., Lancet Oncol. 8:387, 2007
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Mackay et al. 2009




W Diabetes Mellitus and Mg?* balance M Berlin Birth Cohort

Diabetes Mellitus: Type 2 & Gestational

» Clearly associated with Mg?* loss

» Hypomagnesemia affects insulin
resistance & increases risk for diabetes

» Treatment with additional Mg2* reduces
progression from prediabetes to diabetes

» 997 women
» 3% pregnant women develop GDM
» Women carrying TRPM6 V1393I and/or K1584E
” wt [Opam Acvwss increased total glycosylated hemoglobin (TGH)
Common genetic variants of the lon channel transient receptor
potential nwvmbnn' melastatin & and 7 (TRPMS and TRPMT),

insuline resistance
f 2 diabetes in women

*, JoAna £ Manson'

BMC Medical Genetics —

W TRPMEG is stimulated by insulin M Cell surface TRPM6 is increased by insulin
Insulin receptor (IR) Co-localization of IR and NCC in DCT TIRF microscopy
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W SNPs in TRPM6 and insulin action

Implications of SNPs in TRPM6

e fon chasmel tray
in & andt 7 (TRPMS and TRAMY),
type 2 diabetes in women

BMC Medical Genetics, 2009

control
W insulin

Current densityl (pA/pF)
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SNPs in close vicinity to putative phosphorylation sites

J identified SNPs
Human TRPMG  VLVHLTGQIIPVSDWASVDE.... KMLTKDRRLBKKKNTQGLAQ.... ) .
i ' putative phospho-site
1391 1393 1583 1584 (cdk5 kinase)




