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1. DISEASE CHARACTERISTICS

1.1 Name of the disease (synonyms)
Familial hypomagnesemia with hypercalciuria and nephrocalcinosis
(FHHNC), primary hypomagnesemia, renal hypomagnesemia
(caused by variants in CLDN16).

FHHNC with severe ocular involvement, renal hypomagnesemia
with severe ocular involvement (caused by variants in CLDN19).

1.2 OMIM# of the disease
248250 (FHHNC) and 248190 (FHHNC with severe ocular
involvement).

1.3 Name of the analysed genes or DNA/chromosome segments
CLDN16 (previously known as PCLN1) (locus 3q27), CLDN19 (locus
1p34.2).

1.4 OMIM# of the gene(s)
603959 (CLDN16), 610036 (CLDN19).

1.5 Mutational spectrum
Familial hypomagnesemia with hypercalciuria and nephrocalcinosis
(FHHNC) and FHHNC with severe ocular involvement are auto-
somal recessive renal tubular disorders caused by variants in the
CLDN16 (locus 3q27) and CLDN19 (locus 1p34.2) genes, respec-
tively.1,2 These genes encode the tight-junction proteins claudin-16
(paracellin-1) and claudin-19, respectively, which are important for
the paracellular reabsorption of calcium and magnesium in the thick
ascending limb of Henle’s loop.3 Claudin-19 is also expressed in the
retinal epithelium. FHHNC is characterized by excessive urinary
losses of magnesium and calcium, nephrocalcinosis, kidney stones in
about 1/3 of cases and progressive renal failure. Approximately one-
third of patients progress to renal failure or end-stage renal disease
(ESRD) during adolescence. In most cases, patients with CLDN19
variants additionally have severe ocular abnormalities (mainly
myopia, nystagmus and macular colobomata).

Fifty-six CLDN16 disease-causing variants have been described so
far.1,2,4–14 (see also HGMD: http://www.hgmd.org/). These include
missense variants (41), nonsense variants (5), splice site variants (5),
small deletions (3) and small indels (2). The majority of CLDN16

variants are spread over all the five exons. Missense variants are
located in or near the four transmembrane domains, in the two
extracellular loops or in the C-terminal cytoplasmic region. Variants
in affected individuals occur in either homozygous or compound-
heterozygous state. The most frequent CLDN16 disease-causing
variant, c.453G4T (p.L151F), occurring in almost 50% of the
patients described so far, is due to a widespread founder effect
(Germany and Eastern European countries).4 A founder effect has
been also detected for the recurrent disease-causing c.416C4T
(p.A139V) variant in North African families.10

Only 17 CLDN19 disease-causing variants are known,2,3,10,15–18

including missense variants (12), nonsense variants (3), one large
deletion and one small deletion. Two missense variants affect the last
nucleotide of exon 1 and are also predicted to disrupt a donor splice
site.17 CLDN19 variants are spread over exons 1–4. Missense variants
are located in the first extracellular loop or in the first three
transmembrane domains. Most variants in affected individuals are
homozygous, only a few are compound-heterozygous. A founder
effect has been shown for the recurrent disease-causing variant
c.59G4A (p.G20D) in Spanish and French families.2,10,17

The GeneBank accession numbers for CLDN16 and CLDN19 are
NG_008149.1, NM_006580.3 and NG_008993.1, NM_148960.2,
respectively. Reference CLDN16 (ENSG00000113946) and CLDN19
(ENSG00000164007) sequences can also be found in the Ensembl
database (http://www.ensembl.org). A list of disease-causing variants
for these two genes can be found in the Human Gene Mutation
Database (http://www.hgmd.cf.ac.uk/ac/index.php). A variation table
with all the CLDN16 and CLDN19 variants can be found at http://
www.ensembl.org.

1.6 Analytical methods
Direct bidirectional sequencing of coding exons and flanking intronic
sequences of the CLDN16 and CLDN19 genes on genomic DNA. If no
disease-causing variants or only one mutated allele was found, the
next step would be the research of deletions of some or all exons of
the gene by Quantitative Multiplex PCR of Short Fragments
(QMPSF). Depending on the country of origin, it might be reasonable
to start analysis specifically for frequent disease-causing variants, for
instance, in patients from Germany and Eastern European countries
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for the CLDN16 c.453G4T (p.L151F) variant, in Spanish patients for
the CLDN19 c.59G4A (p.G20D) variant or in North African families
for the CLDN16 c.416C4T (p.A139V) variant. This might be done
by variant-specific PCR methods (SNaPshot) or by sequencing the
corresponding exon.

1.7 Analytical validation
Variants identified must be verified by a second independent test
(direct sequencing or QMPSF) and further studied by analysing
at least 100 chromosomes of the same ethnic origin, by
bioinformatics prediction tools (SIFT, PolyPhen, Align-GVGD,
MutationTaster), by comparison with data base entries, and, if
possible, by segregation analysis. Intronic variants, missense and
synonymous alterations that are suspected to affect pre-mRNA
splicing should be characterized by RT-PCR analysis of an RNA
sample.

1.8 Estimated frequency of the disease (incidence at birth (‘birth
prevalence’) or population prevalence. If known to be variable
between ethnic groups, please report):
The population prevalence of FHHNC is unknown. FHHNC is a very
rare disorder, and only about 131 affected families (178 patients)
subjected to molecular-genetic testing have been described in the
literature: 73 families (106 patients) with CLDN16 causative variant
and 58 families (72 patients) with CLDN19 causative variant.
However, FHHNC is likely to have been under-diagnosed due to a
lack of awareness of this disorder. Because of the autosomal-recessive
mode of inheritance, a significant proportion of patients affected by
FHHNC originate from populations with a higher frequency of
consanguineous marriages

1.9 Diagnostic setting:

Yes No

A. (Differential) diagnostics 2 &

B. Predictive testing 2 &

C. Risk assessment in relatives 2 &

D. Prenatal 2 &

Comment: Genetic testing is mainly used to confirm the clinical
diagnosis, to assess genetic risk in relatives and in relation to genetic
counselling. Prenatal diagnosis and pre-implantation genetic diag-
nosis are feasible for families with known disease-causing variants.

Hypomagnesemia, hypercalciuria and nephrocalcinosis are con-
stant characteristics. Most patients with CLDN19 disease-causing
variants also present with severe ocular defects (mainly myopia,
nystagmus and macular colobomata).

2. TEST CHARACTERISTICS

Genotype or disease

A: True positives

B: False positives

C: False negative

D: True negative

Present Absent

Test

Positive A B Sensitivity:

Specificity:

A/(AþC)

D/(DþB)

Negative C D Positive predictive value:

Negative predictive value:

A/(AþB)

D/(CþD)

2.1 Analytical sensitivity
(proportion of positive tests if the genotype is present)

For both genes the analytical sensitivity of genomic sequencing, if
necessary combined with QMPSF, should be nearly 100%. However,
causative variants in non-coding regions are likely to be missed with
these techniques, and these types of variants have not yet been
reported in FHHNC.

2.2 Analytical specificity
(proportion of negative tests if the genotype is not present)

Analytical specificity is nearly 100% for both genes. False positives
in genomic sequencing are rare.

2.3 Clinical sensitivity
(proportion of positive tests if the disease is present)

The clinical sensitivity can be dependent on variable factors,
such as age or family history. In such cases, a general statement
should be given, even if quantification can only be made case
by case.

Probably, it is close to 100%.
We may assume that variants exist that remain undetected by

sequencing as well as by QMPSF (promoter variants and far intronic
variants). In those cases where no CLDN16 or CLDN19 causative
variants can be identified on one or both alleles, mRNA analysis
would provide an alternative method of detecting a causative intronic
variant.

2.4 Clinical specificity
(proportion of negative tests if the disease is not present)

The clinical specificity can be dependent on variable factors
such as age or family history. In such cases, a general
statement should be given, even if quantification can only be made
case by case.

Clinical specificity is possibly 100%.
On the basis of our experience, it can be excluded that a healthy

individual carries disease-causing CLDN16 or CLDN19 variants on
both alleles.

2.5 Positive clinical predictive value
(lifetime risk to develop the disease if the test is positive)

As there is 100% penetrance, positive predictive value is 100%.

2.6 Negative clinical predictive value
(probability not to develop the disease if the test is negative).

Assume an increased risk based on family history for a
non-affected person. Allelic and locus heterogeneity may need to be
considered.

Index case in that family had been tested:
Nearly 100%.
Index case in that family had not been tested:
Nearly 100%.

3. CLINICAL UTILITY

3.1 (Differential) diagnostics: The tested person is clinically
affected
(To be answered if in 1.9 ‘A’ was marked)
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3.1.1 Can a diagnosis be made other than through a genetic test?

No & (continue with 3.1.4)

Yes 2

Clinically 2

Imaging 2

Endoscopy &

Biochemistry 2

Electrophysiology &

Other (please describe): Eye examination with autorefractor, retinoscope,

ophthalmoscope

3.1.2 Describe the burden of alternative diagnostic methods to the
patient
The clinical and biochemical diagnosis of FHHNC is not invasive
(primarily urine and blood tests). Nephrocalcinosis can be diagnosed
by abdominal ultrasound. Ocular defects are detected by eye
examination. So, the only burden is the drawing of a blood sample,
which is also necessary for the genetic test.

3.1.3 How is the cost effectiveness of alternative diagnostic methods
to be judged?
As far as we know, there are no studies available to determine the cost
effectiveness of any diagnostic approach to FHHNC or FHHNC with
ocular involvement. The differences in price between tests would
depend on the laboratory and the country where testing is performed.
In general, genetic testing is at the moment more expensive than
clinical and biochemical diagnosis, but this may change in future.
Furthermore, the two genes analysed, CLDN16 and CLDN19, are small,
with only five exons. We believe that it is cheaper to exclude at-risk
relatives using a DNA test than by using the full clinical investigation
protocol. On the other hand, genetic testing is valuable for confirming
a clinical diagnosis, informing genetic counselling, and facilitating
prenatal diagnosis and pre-implantation genetic diagnosis.

3.1.4 Will disease management be influenced by the result of a
genetic test?

No &

Yes 2

Therapy (please

describe)

Currently, the only option for treatment of renal dys-

function in FHHNC is conservative, except for renal

replacement therapy in end-stage kidney diesease.

Patients can be treated with thiazide diuretics and

magnesium supplements until they have severe dete-

rioration of renal function. However, these treatments do

not seem to have a considerable effect on the levels of

urinary calcium or serum magnesium.10,17 Severe

myopia can be corrected with glasses, contact lenses,

laser surgery or implanting artificial lenses. There is

currently no cure for nystagmus or for coloboma.

Prognosis (please

describe)

Calcium and magnesium excretion is normalized after

transplantation. CLDN16 variants resulting in complete

loss of function of both alleles are associated with a more

rapid decline in GFR as compared with variants that retain

partial function. The first group of variants lead to 54% of

patients requiring renal replacement therapy by age 15

compared with 20% of those with partial function.8 There

is no recurrence of the disease in the graft.

Management (please

describe)

Clinical follow-up at adult/pediatric renal and ophthal-

mological specialist. Appropriate genetic counselling

should follow genetic testing.

3.2 Predictive setting: The tested person is clinically unaffected but
carries an increased risk based on family history
(To be answered if in 1.9 ‘B’ was marked)

3.2.1 Will the result of a genetic test influence lifestyle and
prevention?
If the test result is positive (please describe):

Yes. Early diagnosis may allow early initiation of treatment and/or
surveillance (potential medical interventions, such as pharmacological
therapy of hypercalciuria and magnesium supplementation). The
search for potential kidney donors for transplantation can be started.
Monitoring of kidney function, as well as ophthalmological evalua-
tion in case of CLDN19 causative variants, is needed continuously.
Genetic counselling should be recommended. Prenatal or pre-
implantation genetic testing can be offered.

Hypercalciuria and nephrolithiasis have been described in relatives
harbouring heterozygous variants.4

If the test result is negative (please describe):
No. Clinical follow-up is not relevant if the test is negative for a

known familial variant. In case of potential heterozygotes, the
knowledge of not having an elevated carrier risk results in ‘relief ’
with regard to the family risk, and allows an informed decision on
family planning and prenatal diagnosis.

3.2.2 Which options in view of lifestyle and prevention does a person
at-risk have if no genetic test has been done (please describe)?
Urine and serum could be tested for the presence of hypercalciuria
and hypomagnesemia, respectively, which are constant findings in
FHHNC. The patient could also be examined for nephrocalcinosis
and kidney function and secondary problems, due to deterioration of
renal function. Regular ophthalmological examination in case a
CLDN19 variant(s) has been identified in the family.

3.3 Genetic risk assessment in family members of a diseased person
(To be answered if in 1.9 ‘C’ was marked)

3.3.1 Does the result of a genetic test resolve the genetic situation in
that family?
Yes, the genetic test confirms the autosomal recessive inheritance in
the family and clarifies the recurrence risk in a future pregnancy. In
case of non-affected parents with an affected child the recurrence risk
is 25%. If causative variants have been identified in CLDN16 or
CLDN19, it is possible to assess the carrier status of other healthy
relatives and to offer genetic counselling to the family.

3.3.2 Can a genetic test in the index patient save genetic or other
tests in family members?
Yes, if a causative CLDN16 or CLDN19 variant has been identified in
the index patient, only that gene or the specific variant needs to be
tested in family members instead of complete screening of the entire
genes. If a relative tests negative, then none of their offspring are at
risk and they will not need to be tested.

3.3.3 Does a positive genetic test result in the index patient enable a
predictive test in a family member?
Yes. Identifying the causal variants in the index case allows for carrier
testing and pre-symptomatic testing in relatives.

3.4 Prenatal diagnosis
(To be answered if in 1.9 ‘D’ was marked)
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3.4.1 Does a positive genetic test result in the index patient enable a
prenatal diagnosis?
Yes, provided that both disease-causing alleles have been identified
and their segregation from carrier parents has been traced, it offers
the possibility of early and reliable prenatal testing or even
pre-implantation diagnostics.

4. IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING

Please assume that the result of a genetic test has no immediate medical
consequences. Is there any evidence that a genetic test is nevertheless
useful for the patient or his/her relatives? (Please describe)

The genetic diagnosis establishes a precise diagnosis and allows
precise genetic counselling of patients and relatives. Carriers’ aware-
ness of their genetic status is important for family planning. Genetic
testing of relatives can also be important in relation to selection of
potential family donors for kidney transplantation.
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