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Introduction

Structure of CLDN19 and locations of different
mutations observed in Spain.

• Tubular paracellular transport is tightly regulated and 
can be highly specific to each nephron segment

• The permeability characteristics of the paracellular 
junction to various solutes are determined by claudins. 
Claudins are key integral proteins expressed at the tight 
junctions of epithelial and endothelial cells.  

• Interactions between claudins with themselves and 
other claudin family members, within the same plasma 
membrane (cis) or with the adjacent epithelial cell 
(trans), create pores or barriers to ions and other small 
molecules. 

Yu ASL. JASN 2015; Claverie-Martin F et al. Plos One, 2013;
Prot-Bertoye C, Houillier P. Genes 2021



Expression profile of claudin genes along the nephron of the kidney

Gong Y, Hou J. Pflugers Arch. 2017



Physiologic role of claudins in the mammalian renal tubule 

Modified from Yu ASL. JASN 2015

Increases Na+ permeability



TAL

Vargas Poussou R. Pediatr Nephrol 2021



Claudins and kidney disease

Prot-Bertoye C, Houillier P. Genes 2021

3 claudins (10b, 16 and 19) have been recognized as cause of rare autosomal
recessive human syndroms:

CLDN10b

• HELIX Syndrome

CLDN16 
CLDN19

• FHHNC 1
• FHHNC 2

CLDN14

• hypercalciuria
• kidney stones



Claudin 10b & Helix syndrome
The human CLDN10 gene is located on chromosome 13q32 and contains five exons. 
There are two claudin 10 splice variants that encode two main claudin 10 isoforms: 
claudin 10a and claudin 10b 

The specific effect of claudin 10b is to increase the paracellular permeability to Na+.

Helix syndrome (OMIM # 617671) is a rare AR salt-losing tubulopathy, described in 2017, 
caused by CLDN10b loss-of-function mutations, that lead to lower paracellular Na+

permeability in the TAL, sweat glands and salivary glands 



HELIX syndrome phenotype

Modified from Prot-Bertoye C, Houillier P. Genes 2021
Vargas-Poussou R. Pediatr Nephrol 2021

Hypohidrosis 100%
Electrolyte imbalance 94%
Hypolacrimia 100%
Ichthyosis 86%
Xerostomia 100%
Hypokalemia 38%
Hypermagnesemia 88%
eGFR <60 25%
Nephrolithiasis 18%
Hyperaldosteronism
without hyperreninism some patients



HELIX syndrome 

Modified from Prot-Bertoye C, Houillier P. Genes 2021

H Hypohidrosis

E Electrolyte imbalance

L hypoLacrimia

I Ichthyosis

X Xerostomia



HELIX syndrome pathogenesis at the TAL

Prot-Bertoye C, Houillier P. Genes 2021
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Vargas Poussou R. Pediatr Nephrol 2021



QUESTION

What of the following manifestations is not characteristic of Helix syndrome?

1. Hypohidrosis
2. Hypolacrimia
3. Hyperkalemia
4. Hypermagnesemia
5. All above



ANSWER

What of the following manifestations is not characteristic of Helix syndrome?

1. Hypohidrosis
2. Hypolacrimia
3. Hyperkalemia
4. Hypermagnesemia
5. All above

Patients present with hypokalemia due secondary hyperaldosteronism caused
by salt wasting and extracelular fluid depletion





Ca2+ and Mg2+ reabsorption at the TAL 

Vall-Palomar M et al. Pediatr Nephrol, 2021



Hou J et al. J Clin Invest, 2008; Haisch L et al. JASN, 2011. 

Claudin-16 / Claudin- 19 complex

Claudin-16 increases paracellular 
permeability to Na+ while Claudin-19 
decreases paracellular permeability to 
Cl−, leading to a lumen-positive voltage 
to drive Ca2+ and Mg2+ reabsorption 



Familial Hypomagnesemia with hypercalciuria & nephrocalcinosis (FHHNC)

• Polyuria, polydipsia
• UTI
• Hyperuricemia
• Hypomagnesemia
• Severe hypermagnesiuria
• Severe hypercalciuria
• Bilateral nephrocalcinosis
• Kidney stones
• Low citrate in urine
• Incomplete DRTA
• Hyperparathyroidism
• CKD

It is a rare autosomal recessive , with an incidence of <1/1.000,000, described by Michelis-Castrillo et 
al in 1972. It is characterized by severe urinary Mg wasting, associated with hypercalciuria and 
progression to CKD

nephrocalcinosis

• High fractional urinary excretion of Mg 
is found while Mg serum level is inappropriately low. 

• Hypomagnesemia may be overlooked in patients 
with advanced CKD.



Familial Hypomagnesemia with hypercalciuria & nephrocalcinosis (FHHNC)

± Ocular phenotype

•Reduced visual ability
•Macular Colobomata
•Retinopathy
•Nystagmus
•Severe Myopia

Maier et al. (1979) Helv Paediatr Acta 34





gene chromosome protein

FHHNC 1 CLDN16 3q27-29 Paracellin-1 
(Claudin-16)

FHHNC 2 CLDN19 1p34.2 Claudin-19

Simon DB et al. Science, 1999; 285: 103-6
Konrad M et al. Am J Hum Genet, 2006; 79:949-957

CLDN19 Spanish mutation p.G20D (c.59G>A)



FHHNC: clinical manifestations 

Clinical symptoms Laboratory findings Radiological findings
Extrarenal 

manifestations
Polyuria/Polydipsia 

Feeding difficulties

Vomits

Failure to thrive

Abdominal pain

Enuresis

UTI

Rickets 

Cramps

Tremors

Gait instability

Seizures

Hypomagnesemia

Hypercalciuria

Hypermagnesiuria

Hyperuricemia 

Elevated serum 
creatinine

Hyperparathyroidism

Metabolic acidosis

Sterile leukocyturia 

Hypocitraturia 

Medullary 
nephrocalcinosis

Nephrolithiasis

Renal cysts

Bilateral slipped capital 
femoral epiphysis 

Horizontal nystagmus

Myopia magna**

Macular colobomata**

Macular degeneration**

Pigmentary retinitis**

Macular scar**

Strabismus**

Astigmatism**

Amelogenesis
imperfecta
Chondrocalcinosis

** in patients with CLDN19 mutations Vall-Palomar M et al. Pediatr Nephrol, 2021



Urinary and plasmatic values of Ca y Mg in FHHNC

Vall-Palomar M et al. Pediatr Nephrol, 2021



Godron et al. cJASN, 2012; 7: 81-909

Calciuria in 24 patients with FHHNC (French series)



Extrarrenal manifestions in FHHNC



FHHNC: our contemporary experience in Spain (30 patients) 

PATIENTS (n = 30)

♀: 16 ♂: 24

CLDN19 (n = 27) CLDN16 (n = 3)

c.59G>A; p.G20D homozygous
(n = 20)

Other mutations
(n = 7)

♀: 11 ♂: 9 ♀: 4 ♂: 3

♀: 1 ♂: 2♀: 15 ♂: 12

22 families

2 families20 families

16 families 4 families 0 2 0 4 0 6 0 8 0 1 0 0
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Clinical picture at diagnosis

Vall-Palomar M et al. J Nephrology, 2021



FHHNC: ocular phenotype in CLDN19 patients

Vall-Palomar M et al. J Nephrology, 2021

• 60% myopia magna, macular coloboma ± nystagmus
• 20% mild myopia or astigmatism
• 20% without ocular involvement

• Remarkably, no correlation between ocular impairment 
and progression to kidney failure was observed.



QUESTION

What of the following manifestations is not required for the diagnosis of FHHNC?

1. Hypercalciuria
2. Macular coloboma 
3. Increased FEMg
4. Nephrocalcinosis
5. All are required



ANSWER

What of the following manifestations is not required for the diagnosis of FHHNC?

1. Hypercalciuria
2. Macular coloboma 
3. Increased FEMg
4. Nephrocalcinosis
5. All are required

Macular coloboma is limited to some patients with CLDN19 mutations. Patients with
CLDN16 mutations do not exhibit severe ocular anomalies



Godron et al. cJASN, 2012; 7: 81-909

Outcome and genotype in 24 patients with FHHNC (French series)
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Age at diagnosis 3.7±4.7 y.

At 4 y.     5/30 (17%) ESKD

Overall, 10/30 (33%) ESKD (9 KT)

Renal survival md 25.4 years

63% CKD 4-18 y.
30% CKD >18y. 

More severe phenotype in females:

(80% females in the subgroup with
ESKD vs. 40% females in the subgroup
not requiring renal replacing
therapy)

73% with ocular involvement

Outcome and genotype in FHHNC (Spanish contemporary series, n = 30)

Vall-Palomar M et al. J Nephrology, 2021



FHHNC outcome in Spain: CKD 3 free survival (30 patients) 

Vall-Palomar M et al. J Nephrology, 2021

A g e  (y e a rs )

P
a

tie
n

ts
 C

K
D

 I
II

-f
re

e
 (

%
)

0 5 1 0 1 5 2 0 2 5
0

2 0

4 0

6 0

8 0

1 0 0
H o m o z y g o u s C LD N 1 9 p .G 2 0 D

O th e r C LD N 1 9 m u ta tio n s

a

P a tie n ts  a t  r is k  (n )
   p .G 2 0 D       1 9            1 2             7              3              2              1

                  O th e r         6              5              3              2              1              1

p = 0 .7

A g e  (y e a rs )

P
a

tie
n

ts
 C

K
D

 I
II

-f
re

e
 (

%
)

0 5 1 0 1 5 2 0 2 5
0

2 0

4 0

6 0

8 0

1 0 0 M a le

F e m a le

b

P a tie n ts  a t  r is k  (n )
 M a le       1 4            1 1             8              3              2              1

F e m a le       1 4             8              4              3              2              1

p = 0 .6

A g e  (y e a rs )

P
a

tie
n

ts
 C

K
D

 I
II

-f
re

e
 (

%
)

0 5 1 0 1 5 2 0 2 5
0

2 0

4 0

6 0

8 0

1 0 0
H o m o z y g o u s C LD N 1 9 p .G 2 0 D

O th e r C LD N 1 9 m u ta tio n s

a

P a tie n ts  a t  r is k  (n )
   p .G 2 0 D       1 9            1 2             7              3              2              1

                  O th e r         6              5              3              2              1              1

p = 0 .7

A g e  (y e a rs )

P
a

tie
n

ts
 C

K
D

 I
II

-f
re

e
 (

%
)

0 5 1 0 1 5 2 0 2 5
0

2 0

4 0

6 0

8 0

1 0 0 M a le

F e m a le

b

P a tie n ts  a t  r is k  (n )
 M a le       1 4            1 1             8              3              2              1

F e m a le       1 4             8              4              3              2              1

p = 0 .6



Factors associated with faster CKD progression in FHHNC patients

CLDN19 ? (vs CLDN16) gene mutations

Female gender 

Higher PTH levels 

Higher urinary excretion of Mg and Ca 

Others?

Konrad et al. JASN, 2008
Godron et al. cJASN, 2012; 7: 81-909

Vall-Palomar M et al. J Nephrology, 2021



Variability of disease severity occurs in FHHNC siblings with CLDN19 mutations

Vall-Palomar M et al. J Nephrology, 2021



Oral Mg supplements: 
Aim: to avoid symptoms of hypomagnesemia, but Mg2+ persists low

Thiazides: to reduce hypercalciuria

Citrate (caution with serum K+ )

Avoid acquired renal damage (dehydration, drugs,…) 

Kidney transplant (carriers can be donors)

Treatment of FHHNC: supportive



Diagnostic flowchart for a suspected genetic 
cause of hypomagnesemia

Viering DHHH et al. Pediatr Nephrol, 2017; 32: 1123-1135



Next Webinars

ESPN/ERKNet Virtual Workshop on Fundamentals in pediatric Dialysis

Date: 20/21 Oct 2021

Speaker: Various Speakers, organized by the ERKNet Paediatric CKD & Dialysis Working
Group and the ESPN Dialysis Working Group

Topic: Fundamentals in pediatric dialysis

ESPN/ERKNet Educational Webinars on Pediatric Nephrology & Rare Kidney
Diseases
Date: 26 Oct 2021

Speaker: Paola Romagnani

Topic: Stem cells in the kidney

ERA/ERKNet Advanced Webinars on Rare Kidney Disorders

Date: 02 Nov 2021

Speaker: Karl Peter Schlingmann

Topic: Genetic cause of nephrolithiasis and nephrocalcinosis

Subscribe the ERKNet and IPNA Newsletter and don`t miss Webinars!


