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Molecular studies in Finnish patients with familial
juvenile nephronophthisis exclude a founder effect
and support a common mutation causing
mechanism

S Ala-Mello, E-M Sankila, 0 Koskimies, A de la Chapelle, H Kadriainen

Abstract
Familial juvenile nephronophthisis (NPH)
is an autosomal recessive tubulointersti-
tial kidney disease associated with forma-
tion of medullary and corticomedullary
cysts. It progresses to end stage renal fail-
ure and its biochemical defect is unknown.
An NPH locus has been assigned to a 2 cM
interval on chromosome 2q13 by linkage
studies. Homozygous deletions of ap-
proximately 250 kb have been detected in
80% of familial cases and 65% of sporadic
cases and a common mutation mech-
anism has been suggested. We examined
14 Finnish families for the presence or
absence of a deletion. After detecting a
deletion in 12 patients belonging to nine
families, we studied a possible founder
effect by haplotype analysis using markers
D2S340, D2S1889, and D2S1893. No com-
mon ancestral disease associated haplo-
type was found suggesting no founder
effect. Results ofpairwise linkage analyses
were suggestive of linkage in the nine
families with a deletion (lod scores of
1.39-3.89 at a recombination fraction of0).
Negative lod scores were obtained in the
five families without a deletion suggesting
that the disease locus in these families lies
elsewhere. The end stage renal disease
occurred at a more advanced age in
patients without a deletion compared to
patients with a deletion, indicating a phe-
notypic difference between these two
groups.
(JMed Genet 1998;35:279-283)
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Familial juvenile nephronophthisis (NPH) is
an autosomal recessive kidney disease that
leads progressively to end stage renal failure.'
Medullary cystic disease (MCD)' was previ-
ously considered as a separate entity but as it
has clinical symptoms similar to NPH it has
subsequently been considered to be the same
disease.3 ' The term nephronophthisis-
medullary cystic disease complex refers to this
entity.
The main clinical features ofNPH are poly-

dipsia and polyuria caused by decreasing urine
concentrating capacity, growth retardation,
and anaemia.'1 2 Renal histology shows charac-
teristic but non-specific features which resem-

ble those of chronic tubulointerstitial nephritis.
Macroscopic cysts are seen in the medulla and
at the corticomedullary junction.6 Light micro-
scopy shows that the tubular basement mem-
branes are extremely thickened and layered
and the tubules either dilated or hypertrophied
and collapsed. The pathogenesis of NPH is
unknown and most research has been aimed at
the study of the components of the tubular
basement membrane.7 8

Usually NPH affects the kidneys only, but
syndromic forms also exist. These show extra-
renal manifestations like retinitis pigmentosa in
the Senior-Loken syndrome,9 '0 liver fibrosis,"l
cone shaped epiphyses, and cerebellar
dysfunction" in association with kidney disease
which is identical to NPH. The delineation of
NPH and its syndromic forms as well as the
terminology is still controversial.
An NPH locus has been assigned by linkage

studies to chromosome 2q13."3`'6 The locus has
been further refined to a 2 cM region between
markers D2S1890 and D2S1888.17 When test-
ing both familial and sporadic patients with
non-polymorphic markers mapping to this
region, large scale rearrangements, which
turned out to be homozygous deletions of
approximately 250 kb involving a 100 kb
inverted duplication and two non-polymorphic
markers 765F2L and 804/6, were seen in the
majority of the patients. In one patient, a larger
deletion comprising marker 804H1OR in addi-
tion to the two other markers was seen. This
most probably indicates a recurrent deletion
mechanism causing NPH, although a founder
effect has also been suggested.'7 Genetic
heterogeneity has been shown, as linkage to
2q13 was excluded in some families with NPH
without extrarenal manifestations.'5 Of the
syndromic forms, at least the Senior-Loken
syndrome has been excluded from 2q13.'"
The purpose of this study was to evaluate the

role ofthe chromosome 2q13 locus in the aeti-
ology ofNPH in Finland. More specifically, the
study was undertaken to exploit the Finnish
population structure to evaluate whether dele-
tion mutations are recurrent or originate from
common founders.

Patients and methods
PATIENTS
This study is part of a nationwide multidimen-
sional study ofNPH in Finland. NPH is a pro-
gressive disease which always leads to renal
failure with the eventual need for dialysis treat-
ment and kidney transplantation. Conse-
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Figure 1 The pedizrees of families 1-13 and haplotypes fo

3 1-2 2-2 1-3 studied. The following selection criteria were
2 1-3 2-1 1-2 used for inclusion in the study. (1) At least one
.4 4-4 4-4 4-4
2 N-N 2-1 3-4 of the following symptoms, polydipsia, polyu-

9 ria, anaemia, or growth retardation, was
considered obligatory. (2) Patients with urinary
tract malformations, reflux, systemic diseases,

*1 3-2 2-3 2-1 2-3 or medication that might have caused chronic
*1 2-3 1-2 1-1 2-2 tubulointerstitial nephropathy were excluded.
-4 4-4 4-4 4-4 4-4 (3) The urinary findings had to show continu-

ous inability to concentrate urine with de-
5-5 2-4 creased urinary specific gravity. No marked
4-4 2-4 proteinuria or haematuria occurred. (4) The
3-4 2-1 disease had to be progressive. (5) A renal

13 a-o biopsy of at least one affected subject in each
family showing the characteristic tubulointer-

23 3nE Estitial nephritis of NPH, especially the thick-
2-1 2-3 3-1 ened tubular basement membranes, was ob-
5-4 5-2 54 ligatory. (6) The patients should not have4-4 4-2 4-4 igor.()T
3-1 3-2 3-1 extrarenal manifestations. (7) Family

1-2 members/sibs over 13 years without any
4-4 clinical symptoms of NPH were considered as
1-2 healthy and included in the study.

Altogether, we found 40 patients from 31
families who fulfilled the selection criteria.
Blood samples for this study were collected
from 72 members of 14 families: 19 patients

2-2 2-2 and, whenever possible, their healthy sibs and2-4 2-4
3-4 3-4 parents. Four families had more than one
1-2 1-2 affected subject while in 10 there was one

-1 1-3 2-4 affected subject with at least one healthy sib. In
-3 23-5 13-4 one of the multiplex families only the youngest
-3 ~~~2-4 1-2

-1 2-1 1-3 of two brothers with NPH was alive.
)8 gTO In family 14 three sibships were closely

|ILI~ interrelated. The family pedigrees are shown in
figs 1 and 2.

P-i iiww w Genealogical studies were performed to
3-1 N-N 3-4 1-4 determine the birth places of the parents and
5-3 5-5 5-4 place

3-3 3-2 4-2 2-2 grandparents of the patients. The families were
2-1 2-1 1-3 2-3 traced back four to six generations in search of
or markers D2S293, D2S340, common ancestors.

*q5-, " .-. J-6 - -j gW---o __ J-W------- -, Z J

D2S160, and D2S121 corresponding to an interval of 6 cM (N=not determined).

quently, all the patients with NPH in Finland
are treated and followed at five university hos-
pitals and 16 central hospitals. All renal trans-

plantations of both children and adults with
NPH have been performed at the Helsinki
University Hospital starting in 1964 and the
Finnish Kidney Transplantation Register was

founded at the same time. At the Children's
Hospital of Helsinki University Hospital the
register of patients younger than 16 years with
chronic renal disease has been held since 1974.
Three approaches were used to reach as

complete an ascertainment of the patients as

possible. (1) The files and hospital records of
the Finnish Kidney Transplantation Register
were evaluated from 1964 until the end of 1993
and comprised 2843 cases including both chil-
dren and adults. (2) The nephrologists and
paediatric nephrologists/paediatricians of all
university and central hospitals were sent a

questionnaire with a description of NPH in
order to find patients at early stages. (3) The
register of patients with chronic renal disease
with and without renal insufficiency and kidney
transplantation held from 1974 onwards was

evaluated.
The primary search yielded 111 patients

whose hospital records were collected and

METHODS

Detection of deletions
DNA was extracted from 10-20 ml of venous
blood as described previously.'8 All the pa-

tients, their healthy sibs, and parents were

tested for the presence or absence of three
non-polymorphic markers, 765F2L, 804/6,
and 804H 1 OR, which map to the 2 cM interval
between the flanking markers D2S1890 and
D2S 1888.'7 Template DNA (45 ng) was

amplified in 25 tl reactions in the presence of
10 x PCR buffer, 0.5 mmol/l dNTPs, 12 pmol
of each primer, and 0.75 U AmpliTaq DNA
PolymeraseR (Roche, Perkin Elmer). PCR
reactions were carried out under conditions
described for the polymorphic markers. An
annealing temperature of 55°C was used for
each reaction. The PCR products were electro-
phoresed on 2% agarose gels, ethidium bro-
mide stained, and visualised under ultraviolet
light.

PCR analysis ofpolymorphisms
PCR conditions for the detection of polymor-
phisms were as follows: 30 ng of template
DNA, 5 pmol of each primer, 0.2 mmol/l each
of dATP, dGTP, and dTTP, 0.03 mmol/l
dCTP, 700 nCi a-32P dCTP, 0.3 U of
thermostable DNA polymerase (DynazymeR,

D2S
D2S
D2S
D2S
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Finnzymes), and 1 gl of polymerase buffer rec-
ommended by the manufacturer. Following a
denaturation step of 94°C for three minutes,

2-4 the amplification was carried out during 30
6-4 cycles of denaturation (94°C for 45 seconds)
1-3 and annealing (55°C for 45 seconds). An elon-5-5
7-2 gation step (72°C for four minutes) ended the
6-5 process after the last annealing. Exceptionally,7-3
3-3 for D2S 160 the annealing temperature was
4-5 64°0C, for D2S1889 it was 580C, and for
2-1 D2S1893 it was 60°C. After PCR, 10 gl of

loading buffer (formamide-bromophenol blue-
3-2 xylene cyanol 10:1) was added. After denatura-
5-8 tion of the samples at 94°C for four minutes, 4
4-4 jl of the sample was electrophoresed on a 6%
3-3 polyacrylamide 7 mol/l urea sequencing gel.
1-1 After electrophoresis the gels were dried and3-6
3-4 autoradiographed for six to 24 hours.
5-3
I AS

3-5 2-1 i-2 Linkage and haplotype analysis
1-1 A total of 14 families with NPH were typed

with seven Genethon microsatellite markers,
4-2 4-3 4-2 D2S135, D2S176, D2S293, D2S340,
4-8 3-5 4-8 D2S160, D2S 121, and D2S308,'9 known to be
3-4 3-4 3-4 linked to the NPH locus on chromosome 2q
2-3 N-N 2-3 corresponding to an interval of about 15
3-6 3-3 3-6 cM.'3 15 16 In addition, family 14 was typed with
3-4 3-3 3-4 polymorphic markers D2S1888 and D2S1892.
5-5 12-5 5- For the haplotype analysis and allelic associ-
1-2 2-1 1-2 ation studies, the patients and their parents and

ie markers studied (N=not the members of family 14 were typed with two
additional markers, D2S1889 and D2S1893,
located within the 2 cM critical interval.'7 20
Complete penetrance of the disease allele and
sex average recombination fractions were
assumed. Linkage analyses were performed

Linkage Exclusion using the LINKAGE program package.20 Pair-
by haplotype wise lod scores were computed using the

+ MLINK program.
Most likely haplotypes were constructed

manually, assuming the minimum number of
+ recombinations in each family.
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+ Results
DETECTION OF DELETIONS
Fig 3 summarises the results of the deletion
analysis with primers 765F2L and 804/6 and

+ the haplotype and linkage analyses in all fami-
lies. In families 1, 4, 7, 9-14 the amplified PCR

+ products of primers 765F2L and 804/6 were
not detected in the patients with homozygous
deletions while the parents and healthy sibs
showed the PCR products. In families 2, 3, 5,
6, and 8 the corresponding PCR products were

+ detected in the patients as well as all the parents
and healthy sibs. None of the patients, parents,
or healthy sibs had absent PCR products with
primer 8041OR.

+

+

14. Family 14 + +

Figure 3 Summary of deletion, haplotype, and linkage data in 14 families with NPH.

HAPLOTYPE ANALYSIS AND LINKAGE
DISEQUILIBRIUM
Most likely haplotypes for the markers studied
were constructed manually whenever possible
by assuming the minimum number ofrecombi-
nations. The results are shown in figs 1 and 2.
As families 1, 4, 7, 9-14 had apparently identi-
cal deletions, it was necessary to search for the
possible existence of a founder effect behind
this mutation. Evidence for a common ances-
tral disease associated haplotype was not
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Table 1 Frequencies of the alleles on NPHI chromosomes and normal chromosomes of
parents with affected offspring with deletions

Alleles

Marker 1 2 3 4 5 6 7 8 Total

cen
D2S340 NPH1 chromosomes 4 3 1 7 3 - - - 18

Normal chromosomes 2 8 3 5 2 - - - 20
D2S1889 NPH1 chromosomes - 4 1 3 12 - - - 20

Normal chromosomes 1 4 1 3 11 1 - - 21
D2S1893 NPH1 chromosomes - 9 5 - 2 - 4 - 20

Normal chromosomes 1 2 3 1 5 3 5 1 21
tel

Table 2 Added pairzvise lod scores at different recombination fractions (0) between the
NPHI gene and seven marker loci in NPH1 families with a deletion (A) and without a
deletion (B)

0

Locus 0.00 0.01 0.05 0.1 0.2

(A) Families with deletion (1,4,7,9,10,11,12,13,14)
D2S135 -00 -0.67 -0.03 0.20 0.23
D2S176 1.55 1.17 1.01 0.84 0.49
D2S293 3.89 3.80 3.35 2.81 1.83
D2S340 1.39 1.37 1.19 0.98 0.54
D2S 160 -1.05 -0.04 0.44 0.49 0.41
D2S121 -oo -0.78 0.41 0.76 0.67
D2S308 -1.78 0.31 0.85 0.95 0.80
(B) Families without deletion (2,3,5,6,8)
D2S135 -0 -2.97 -1.56 -0.97 -0.43
D2S176 -00 -2.36 -1.47 -0.98 -0.46
D2S293 -oo -4.79 -2.53 -1.56 -0.64
D2S340 -00 -4.13 -1.99 -1.14 -0.41
D2S160 -00 -2.77 -1.38 -0.83 -0.34
D2S121 -o0 -1.69 -0.73 -0.33 -0.06
D2S308 -o0 -4.56 -2.37 -1.45 -0.62

found. The allele frequencies on the NPH1
bearing chromosomes and normal chromo-
somes for markers D2S340, D2S1889, and
D2S1893 are shown in table 1. The distance
between the flanking markers D2S1890 and
D2S1888 is approximately 2 cM. The allele
frequencies were evenly distributed on NPH1
bearing chromosomes and normal chromo-
somes. With marker D2S1889, 12 out of 20
NPH1 bearing chromosomes had allele 5, but
this was the most common allele in normal
chromosomes too (11 out of 21), suggesting no
linkage disequilibrium.

In families 2, 3, 5, 6, and 8, no deletions were
detected. In multiplex families 6 and 8, 2q13
was excluded as the site of the disease causing
mutation by segregation analysis (fig 1). The
two patients in family 8 had inherited different
2q13 haplotypes from their parents. In family 6
the older of the two patients had the same hap-
lotypes as his two healthy sisters. The patients
in these multiplex families reached end stage
renal disease at the ages of 22, 20, 34, and 24
years, respectively. In families 2, 3, and 5, chro-
mosome 2q13 was also excluded as the patients
had inherited the same haplotypes as some of
their healthy sibs. These patients reached end
stage renal disease at the ages of 19, 40, and 26
years, respectively.

LINKAGE RESULTS
Results of pairwise linkage analyses with mark-
ers D2S135, D2S176, D2S293, D2S340,
D2S160, D2S121, and D2S308 for all the
families are shown in table 2. Table 2 shows the
combined lod score values after deletion analy-
ses dividing the families into two groups: those

having a deletion (A) and those having no
deletion (B). The families having a deletion
gave positive combined lod score values
between 1.39 and 3.89 at a recombination
fraction of 0 with markers D2S176, D2S293,
and D2S340. A recombination in family 14
places the NPH1 locus proximal to D2S160
which is in accord with the results obtained by
others.14 15 17 Linkage to 2q13 could be ex-
cluded in families having no deletion by
combined lod score values between -4.79 and
-1.69 at a recombination fraction of 0.01.

GENEALOGICAL STUDIES
Common ancestors for four patients were
found, thus forming family 14 (fig 2), but not
for the patients in families 1-13. The birth
places of the parents and grandparents of the
patients showed some accumulation in sparsely
populated areas in western and central eastern
parts of Finland. However, no definite regional
clustering was seen (data not shown).

Discussion
The pathogenesis of NPH has remained
unclear in spite of numerous research efforts
studying the components of the thickened
tubular basement membrane. Laminin and
type IV collagen have been shown to have nor-
mal intensity and distribution by immunofluo-
rescence with antibodies.7 Expression of the
alpha 5 integrin fibronectin receptor has been
found, suggesting altered cell substrate
adhesion.8 Recent efforts have concentrated on
attempts to isolate the NPH gene by positional
cloning. Linkage analyses have localised the
NPH1 gene to the interval between marker loci
D2S293 and D2S121.15 16 The interval, esti-
mated to be approximately 2 cM, has been fur-
ther refined by flanking markers D2S1888 and
D2S 1890 by haplotype analysis. The latest
progress towards the isolation of the NPHI1
gene has been the detection of homozygous
deletions of 250 kb in the majority of the
patients. 17
The availability of nine Finnish families with

12 patients with NPH having a deletion in the
chromosome 2q1 3 region and showing positive
lod score values by linkage analysis provided an
opportunity to search for a founder effect
mechanism by linkage disequilibrium. The
Finnish population is remarkably homogene-
ous owing to few founders and geographical
isolation, which has led to a unique assortment
of recessive disorders.22 Molecular genetic
investigations of these diseases have shown
that, in most cases, there is one major mutation
enriched in Finland that accounts for each
disorder.23 This is reflected by identical haplo-
types in affected chromosomes of most pa-
tients, as in diastrophic dysplasia and infantile
neuronal ceroid lipofuscinosis (INCL).24 25 As
no conserved haplotype was observed in NPH1
bearing chromosomes within the less than 2
cM critical region (table 1), a founder effect
mechanism is very unlikely or even excluded in
NPH1. Thus, the deletion hot spot theory sug-
gested by Konrad et al'7 is a more likely mech-
anism for NPH than a founder effect.
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NPH is genetically heterogeneous,'5 16 the
NPH1 gene being responsible for approxi-
mately 85% ofthe purely renal form ofNPH. A
rearrangement of 2q13 has been detected in
80% ofinbred or multiplex families and in 65%
of families with sporadic patients.'7 In these
previously studied families showing linkage to
2q13, the disease progressed to end stage renal
disease before 21 years of age.'5 In a consider-
able proportion of our families (five of 14),
linkage to the NPH1 region could be excluded
and no deletions were seen. This implies that in
Finland substantially more than 15% of the
pure renal form of NPH is not linked to the
NPH 1 region. Our patient series comes from a
nationwide study with inclusion criteria similar
to those applied in the linkage studies."3 14 The
reason for the larger proportion of families
without the deletion could be the exceptional
population history of Finland, reflecting a sin-
gle NPH mutation elsewhere than in 2q13 and
enriched in the Finnish population.

In the five families not linked to 2q13, end
stage renal disease was reached and dialysis
treatment began at the ages of 19, 40, 26, 22,
20, 34, and 24 (mean 32) years. Other clinical
and pathological features of the patients did
not differ from those who had deletions in
whom end stage renal disease occurred be-
tween the ages of 8 and 16 (mean 12.4) years
and in family 14 between 8 and 12 years. This
suggests that NPH not linked to 2q13 is clini-
cally different with slower progression. A more
detailed analysis of the clinical features is in
progress. Heterozygosity for the deletion could
not be excluded in these families, but the
results of the linkage analysis suggest that the
NPH causing mutations are not located on
chromosome 2q13 in these families.

We wish to thank Ms Sinikka Lindh for collecting blood samples
and Professor Juhani Rapola who analysed the renal biopsies.
This work was supported by grants from the Finnish Kidney
Foundation and The Finnish Society of Nephrology.
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