BARTTER'S / GITELMAN'S / HHS SYNDROMES

August Krogh: Active transport should exist

Hans Ussing's short circuit current experiment (1947):
the Rosetta Stone for epithelial jon transport

How:' epithelia work

The Bartter syndrome: Lasix -like
The Gitelman syndrome: Thiazide -like
Hypomagnesemic hypercalciuria: HHS

Current enigmas




Hans H. Ussing (1911-2000)



THE ROSETTA STONE: USSING'S SHORT CIRCUIT
EXPERIMENT ON FROG SKIN
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THE ROSETTA STONE: USSING'S SHORT CIRCUIT
EXPERIMENT ON FROG SKIN
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The S.C.C. at zero mV equals net inward Na * flux (22Na - 2“Na)



USSING'S FULL ROSETTA STONE

Outside

e Apicall and basal
membranes differ

e Na*, K and CI-
permeabilities differ

o Paracellular shunt

» "Exchange diffusion”




USSING, SKOU AND CRANE
How Epithelia Work

Ussing :
« Apical and basal
membranes differ

e Paracellular shunt
e "Exchange diffusion®

Skou :

* (Na+ K) - ATPase
o Asymmetrical pump

Crane :

o Co-transport




FOUR RELATED SYNDROMES

Bartter Antenatal Bartter Gitelman Hypo Mg
(Hyper-PGE,) hypercalciuric
(HHS)

Affected segment MTAL MTAL MTAL / DCT

NaCl wasting + + 0
Ca'" excretion

Mg~ " excretion




CLINICAL FEATURES OF BARTTER, HHS
AND GITELMAN SYNDROMES

Bartter Antenatal Bartter Gitelman HHS
Age infancy /adult  antenatal childhood / adult  childhood

Growth L +++ + /- +/ -

Plasma Mg

Urine Ca

Urine Mg S
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Nephrocalcinesis

Urinary PGE , | very high
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Indocin response
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MTAL SALT ABSORPTION

locus for Bartter syndromes || -V

~ 259% of GFR

H,O Impermeable

site of action for high -celling diuretics
heterogeneity between MTAL and CTAL
MTAL: concentrating segment; regulates Intrarenal
salt balance
CTAL: diluting segment; regulates free water for  mation
principal medulaters: of MTAL NaCl absoerption:
ADH; PGE, ; interstitial osmolality ; Ca™"




THE MTAL

I[cn; .

+ 10 mV/.

Paracellin ——
(Ca**, Mg++)




THE VARIOUS BARTTER SYNDROMES

Bartter Syndrome

Type 1 Type 2 Type 3 Type 4

Type 5

Gene name
Protein name

Major symptoms

“Antenatal” phenotype

Nephrocalcinosis

SLC12A1 KCNJ1 CLCNKB BSND
NKCC2 ROMK CICN-Kb Barttin
Polyuria / As for type 1 Variable  As for type 1

Dehydration/ (from mild  + deafness
Growth retardation to severe)

+++ +

o+ +

CASR
CaR

Hypocalcemia
Seiz ures




BARTTER SYNDROME

« Type I Loss of function NKCC2
mutation; chromosome 15

e Na*, K* wasting:
2° hyperaldosteronism
— distal delivery

« V,: Ca' absorption;
hypercalciuria

» Despite  V,,, minimal — urinary Mg **

Paracellin —>

Am. J. Physiol .
271:F961, 1996




Na/K/2Cl CO-TRANSPORTER MUTATIONS
IN TYPE | BARTTER'S

Simon and Lifton
Adv. Neph. 27:343, 1998



THE VARIOUS BARTTER SYNDROMES
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Type 4

Type 5

Gene name
Protein name

Major symptoms

“Antenatal” phenotype

Nephrocalcinosis
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TYPE Il BARTTER SYNDROME

 Type II: Loss of function ROM -K
mutation; chromoseme 11

e Na* K* wasting:
2° hyperaldosteronism
CaSR — distal delivery

« V,,: Ca' absorption;
hypercalciuria

» Despite  V,,, minimal — urinary Mg **

Paracellinn —»

Am. J. Physiol .
271:F961, 1996




ROM - K

From: S.C. Hebert
Am. J. Physiol. Renal
275:F325, 1998



ROM - K GENE MUTATIONS IN BARTTER SYNDROME |I
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Adv. Neph. 27:343, 1998



THE VARIOUS BARTTER SYNDROMES

Bartter Syndrome

Type 1 Type 2 Type 3

Type 4 Type 5

Gene name
Protein name

Major symptoms

“Antenatal” phenotype

Nephrocalcinosis

SLC12A1 KCNJ1 CLCNKB

NKCC2 ROMK CICN-Kb

Polyuria /
Dehydration/
Growth retardation

As for type 1  Variable

(from mild
to severe)

ot +

o+ +

BSND CASR

Barttin CaR

As for type 1
+ deafness

Hypocalcemia
Seizures

+++




TYPE llIl BARTTER SYNDROME

 Type lll: Loss of function CIC-Kb
mutation; chromosome Ip31

e Na* K* wasting:
2° hyperaldosteronism
— distal delivery

« V, : Ca' absorption;
hypercalciuria

» Despite  V,,, minimal — urinary Mg **

Paracellin — |

Am. J. Physiol .
271:F961, 1996




TOPOLOGY OF BASOLATERAL mTAL
Cl- CHANNELS
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0 phosphorylation by cAMP-dependent protein ki nase (PKA)

+ arginine and lysine residues Mikhailova , et al.

Kidney International
61:1003, 2002



BASOLATERAL Cl - CHANNEL MUTATIONS IN
BARTTER TYPE I

Simon, et al.
Nature Genetics
17:171, 1997



THE VARIOUS BARTTER SYNDROMES

Bartter Syndrome

Type 1 Type 2 Type 3 Type 4 Type 5

Gene name SLC12A1 KCNJ1 CLCNKB BSND CASR

Protein name NKCC2 ROMK CICN-Kb Barttin CaR

Major symptoms Polyuria / As for type 1 Variable As for type 1  Hypocalcemia
Dehydration/ (from mild + deafness Seizures
Growth retardation to severe)

"Antenatal” phenotype ~ +++ =

Nephrocalcinosis “Fepr +




TYPE IV BARTTER SYNDROME

 Type IV: Loess of function barttin
mutation; chromosome Ip31

e Na* K* wasting:
2° hyperaldosteronism
— distal delivery

« V, : Ca' absorption;
hypercalciuria

» Despite  V,,, minimal — urinary Mg **

Paracellinn —




THE VARIOUS BARTTER SYNDROMES

Bartter Syndrome

Type 1 Type 2 Type 3 Type 4 Type 5

Gene name
Protein name

Major symptoms

“Antenatal” phenotype

Nephrocalcinosis

SLC12A1 KCNJ1 CLCNKB BSND CASR
NKCC2 ROMK CICN-Kb Barttin CaR
Polyuria / As for type 1 Variable Asfort ype 1l Hypocalcemia

Dehydration/ (from mild  + deafness Seizures
Growth retardation to severe)

ot +

o+ +




TYPE V BARTTER SYNDROME

e Gain of function mutation CaSR
chromosome 39

« Na* K* wasting:
2° hyperaldosteronism
— distal delivery

e V,,: Ca' absorption;
hypercalciuria

e Despite  V,,, minimal — urinary Mg **

Paracellin — | » Hypocalcemia due to PTH
Suppression




THE Ca - SENSING RECEPTOR
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From Brown, etal.
Metabolic Bone Disease
Krane & Avioli, 1998



FOUR RELATED SYNDROMES

Bartter Antenatal Bartter Gitelman Hypo Mg
(Hyper-PGE,) hypercalciuric
(HHS)

Affected segment MTAL MTAL MTAL / DCT

NaCl wasting + + 0
Ca'" excretion

Mg~ " excretion




GITELMAN'S SYNDROME

Mimics thiazide therapy
NaCl wasting
Mg** wasting

Hypocalciuria




THE LATE DCT

Na

thiazide
sensitive
NCCT Cl

paracellinn. —»

- 25 mV (




THE LATE DCT -2 IN GITELMAN SYNDROME
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KNOWN PATHOPHYSIOLOGY OF GITELMAN
SYNDROME

Loss of function mutation: NCCT
NaCl wasting

Secondary hyperaldosteronism : K wasting

Cellular hyperpolarization, 2° decreased Cl- entry
{ — apical ECaC entry

- paselaterall Na/Ca exchange

net effect: hypoecalciuria

Mg wasting: uncertain mechanism
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KEY TRANSPORT PROTEINS IN LATE DCT
(DCT-2)

D.H. Ellison
Am. J. Physiol.: Renal
279:F616, 2000



PARACELLIN -1
Deduced Structure

Simon, et al.
Science
285:103, 1999



PARACELLIN GENE MUTATIONS
Paracellin - 1: Claudin Family of Tight Junction Proteins

Simon, et al.
Science
285:103, 1999
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THE MTAL

I[cn; .
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THE LATE DCT

Na

thiazide
sensitive
NCCT Cl

paracellinn. —»

- 25 mV (




KEY TRANSPORT PROTEINS IN LATE DCT
(DCT-2)

D.H. Ellison
Am. J. Physiol.: Renal
279:F616, 2000



FEATURES OF HPP

Mg** wasting
Ca’'* wasting

No NaCl or K wasting




FOUR RELATED SYNDROMES

Antenatal Bartter : Hypo Mg :
Bartter (Hyper -PGE,) Gitelman hyp?I[ICI—?ISC)IUHC

Affected segment TAL TAL DCT TAL

{ NaCl wasting

Metabolic alkalosis
renin  axis
Ca'" excretion

Mg ™" excretion




THE Na/K/2Cl CO-TRANSPORTER

From: B. Forbush
J. Biol. Chem.
270:17977, 1995



USSING'S ROSETTA STONE




KEY TRANSPORT PROTEINS IN mTAL AND DCT
(DCT-2)

D.H. Ellison
Am. J. Physiol.: Renal
279:F616, 2000



