
&p.1:Abstract Autosomal recessive polycystic kidney dis-
ease (ARPKD) is a rare inherited disorder which usually
becomes clinically manifest in early childhood, although
the spectrum of ARPKD is much more variable than
generally known. Presentation of ARPKD at later ages
and survival into adulthood have been observed in many
cases. The responsible gene has been mapped to chromo-
some 6p. Thus there is no evidence of genetic heteroge-
neity. The most important indication for DNA diagnosis
is the prenatal diagnosis in families with at least one af-

fected child. The critical region has been narrowed with
the use of recombinant families of about 4 cM. Several
possible candidate genes have been excluded.
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Clinical features and course

The most common initial features of autosomal recessive
polycystic kidney disease (ARPKD) are palpable kid-
neys, enlarged liver, respiratory failure, hypertension,
and urinary tract infections. The diagnosis can usually be
made in early childhood. Some cases have been suspect-
ed or diagnosed by fetal ultrasound. Hypertension requir-
ing drug treatment was found in 61%–70% in four stud-
ies and 100% in another study (review see [1]). Urinary
tract infections occur in 30%–43% of patients. Growth
retardation was observed in 25% in our study and was
correlated with impaired renal function [1]. Clinical and
ultrasound signs of hepatic fibrosis were detected in
29%–61% of cases. Mortality during the first year of life
vary in the various studies [1–4]; 9%–24% of those diag-
nosed by departments of pediatric nephrology die. Respi-
ratory difficulties, probably resulting from enlarged kid-
neys (particularly diaphragmatic elevation and hypopla-
sia of the lungs), cause death usually within hours after
birth. The prognosis of those who survive the first
months of life is much better. With prolonged survival
renal failure and hepatic involvement become life threat-
ening. Clinically, portal hypertension due to hepatic fi-
brosis often predominates. These children sometimes
present with gastrointestinal bleeding from varicouse
veins or hepatomegaly due to congenital hepatic fibrosis.
Liver function itself, however, is usually normal.
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Pathoanatomical features

Renal involvement is invariably bilateral and mainly
symmetric (Figs. 1, 2). The cut surface demonstrates the
cortical extension of fusiform or cylindrical spaces ar-
ranged radially throughout the renal parenchyma from
medulla to cortex. ARPKD is invariably associated with
a generalized portal and interlobular fibrosis of the liver
accompanied by biliary duct hyperplasia and small distal
portal vein branches.

Changing phenotype with prolonged survival

The occasionally prolonged survival of persons with
ARPKD (up to the sixth decade) [5] indicates that the
quantitative extent of cyst formation is variable, as Blyth
and Ockenden [6] have noted. The most common mani-
festation of ARPKD is the perinatal form, with enlarged
kidneys in the neonate. The extent of hepatic fibrosis in-
creases with prolonged survival in cases with milder re-
nal changes. There are cases with onset in early child-
hood showing severe liver involvement, as well as cases
with onset of clinical symptoms in adulthood without
symptoms of portal hypertension. With respect to the dif-
ferential diagnosis one must bear in mind that the mor-
phological picture of collecting duct ectasia looses its
uniformity with increasing age. The cysts become non-
uniform, and larger cysts begin to compress the renal
pelvis. Changes in the pathoanatomical and radiological
picture have been observed which resemble those of au-
tosomal dominant polycystic kidney disease.

Differential diagnosis

The most important differential diagnosis is autosomal
dominant polycystic kidney disease (ADPKD), which is
sometimes indistinguishable from ARPKD. In these
cases the demonstration of renal cysts in one parent al-
lows the definite diagnosis of ADPKD. We follow the
opinion of Ogborn [7]: “Perhaps the single most useful
investigation in the evaluation of a child with early onset
of cystic renal disease is ultrasound of the parents....
Thus a negative ultrasound of both parents reduces the
probabilility of a diagnosis of ADPKD to the level of a
spontaneous mutation.” Meckel syndrome and kidney in-
volvement in Bardet-Biedl syndrome are important dif-
ferential diagnoses, but these normally show larger cysts.

Renal cystic changes are frequently found in patients
with congenital hepatic fibrosis. This coincidence can be
explained by cases of mild forms of ARPKD being inter-
preted as congenital hepatic fibrosis. In this view, most
(if not all) cases with classical autosomal recessive con-
genital hepatic fibrosis without further malformations
should be regarded as mild manifestations of ARPKD
with only slight renal involvement. Not all microscopical
alterations that lead to the diagnosis of congenital hepat-
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Fig. 1 Newborn with massively enlarged polycystic kidneys rep-
resenting a severe manifestation of ARPKD. (From [20])&/fig.c:

Fig. 2 Due to the uniform slight enlargement of collection ducts
(up to 0.2 cm) no single cyst can be seen in the cut section giving
the kidney a “spongy” appearance. (From [20])&/fig.c:



ic fibrosis (CHF) are manifestations of ARPKD since
similar changes can be found in other conditions such as
Meckel syndrome, Jeune syndrome, various short rib-
polydactyly syndromes, and Ivemark syndrome (see [8]).
As has been recently documented, CHF has also been
observed in rare cases with ADPKD [9]. Family history
of ADPKD leads to the definite diagnosis of ADPKD in
these cases. The existence of CHF in various diseases in-
dicates a heterogeneous etiology, and it remains unclear
whether liver involvement is identical in the different
conditions. Since hepatic pathology is of special signifi-
cance for the classification of cystic kidney diseases, the
liver should always be examined. Gross cystic dilatation
of the intrahepatic biliary tree is usually called Caroli
disease. The frequent association with ARPKD is well
established. Presumably ARPKD and Caroli disease are
overlapping syndromes in which an abnormal develop-
ment on different levels of the biliary tree due to the
same pathogenetic mechanism results in two different
spectra or stages of a single disease [10].

When should the diagnosis of ARPKD
be made in adults?

Establishing the positive diagnosis of ARPKD in patients
with polycystic kidneys is sometimes difficult. The most
important finding is a negative family history and a nor-
mal ultrasound in parents (who should be older than 30
years) of patients with polycystic kidney disease. A pa-
tient’s negative family history of cystic kidneys alone,
however, does not confirm the diagnosis because of the
possibility of illegitimate paternity or of a spontaneous
mutation of ADPKD. The diagnosis is reliable in cases
with negative family history and symptoms of portal hy-
pertension. Parental consanguinity and normal parental
ultrasound are also important arguments for the diagno-
sis of ARPKD. In all the other cases only a liver biopsy
ensures the diagnosis. This is required, for example, in
genetic counseling and as a obligatory prerequiste for
prenatal diagnosis in families with ARPKD. Even then,
however, an autosomal dominant form cannot be com-
pletely excluded since we know that CHF is found in
rare cases of ADPKD [9]. The theoretical possibility of a
germ cell line mosaicism must also be considered. An
exact diagnosis will be possible in the future when the
mutation on the DNA level can be demonstrated directly.

Course of ARPKD in siblings

In a recent study on the clinical course of 42 children
from 20 sibships with ARPKD we investigated the intra-
and interfamilial variability in terms of age at diagnosis,
administration of antihypertensive therapy, liver affec-
tion, and renal function [11]. According to the classifica-
tion of Blyth and Ockenden [6] who defined grades of
severity, 12 patients were assigned to the perinatal, 9 to
the neonatal, 13 to the infantile, and 8 to the juvenile

subtype of ARPKD. In 11 of 20 families different sub-
types among affected siblings were observed. In 7 fami-
lies affected sibs belonged to related subtypes while ma-
jor intrafamilial differences were observed in 4 families
only. The defined subtypes therefore cannot distinguish
genetic entities of ARPKD. With respect to the severity
of ARPKD, there is a wide spectrum of phenotypic mani-
festations ranging from stillbirths to mildly affected
adults, whereas intrafamilial variability of the clinical
picture is generally small. Age of death, however,
showed gross variation in 8 sibships.

Incidence

The exact incidence of ARPKD is unknown. Figures
range from 1:6000–1:14|000 [12] to 1:55|000 [13]. We
have made a rough estimate that the incidence is about
1:40|000 [8]. For practical purposes, however, a hetero-
zygosity frequency of about 1:70 according to an inci-
dence of 1:20|000 should be used for genetic counseling
until reliable figures are available. Because of the special
genetic situation in Finland the figure published by
Kääriäinen et al. [14] of 1:1000 is perhaps not represen-
tative for other countries.

Genetics

In 1935 Marquardt [15] first postulated that, “In surviv-
ing individuals, cystic kidneys are inherited dominantly.
In nonviable individuals cystic kidneys are recessive.”
The extended classification of Blyth and Ockenden [6]
requires genetic interpretation. The authors favored four
different gene loci as the most plausible explanation.
However, a thorough review of the cases reported by
Blyth and Ockenden [6] makes such a rigid classification
doubtful. Multiple allelism with only a few different al-
leles is likely to account for the great variability in dif-
ferent families, particularly with regard to a possible
compound heterozygosity. In addition, this would ex-
plain the relatively high intrafamilial correspondence of
manifestation.

Mapping the ARPKD gene to chromosome 6p

We began in 1988 to collect ARPKD families and to per-
form linkage studies. We excluded linkage with markers
on both ADPKD loci: chromosome 16p [16] and chro-
mosome 4q [17]. In the cpk (congenital polycystic kid-
ney) mouse with cystic kidneys the responsible gene has
been mapped, but homologous regions in humans have
been made unlikely as a possibile location for ARPKD
in humans. Linkage has also been excluded with the hu-
man homologue of the mouse Tg737 gene. The Tg737 is
a transgenic mouse with cysts caused by the insertional
mutation and disruption of a gene on mouse chromo-
some 14.
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Parallel to the exclusion of several candidate genes
such as Na/K-ATPases, collagene genes, epidermal
growth factor, and epidermal growth factor receptor, we
have performed a “genome scan” by random use of mi-
crosatellite markers. These markers were provided by the
German microsatellite consortium (Dr. A. Reis, Berlin).
LOD scores were calculated with the LINKAGE pack-
age version 5.1 [18], and the excluded chromosomal re-

gions were analyzed simultaneously with the LODVIEW
program [19]. An example of exclusion of linkage of the
ARPKD genes with markers on chromosome 1, visual-
ized with the LODVIEW program is shown in Fig. 3.
This approach has been chosen because of the possibility
of genetic heterogeneity. A subset of families with link-
age to a certain region would have been easily recog-
nized with adjacent markers, while other families would
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Fig. 3 Results of linkage anal-
ysis with markers on chromo-
some 1 by use of the LOD-
VIEW program. x-axis, a map
of chromosome 1, divided into
intervals of 5 cM of sex-aver-
aged genetic distance. In the
position of each marker LOD
scores Z (Θ=0.05) are shown as
histograms, with segments rep-
resenting the LOD score of
each family. Segments above
the zero line: positive LOD
scores; segments below the zero
line: negative LOD scores. 
Regions of exclusion can easily
be recognized at the Z (Θ)≤–2
level. The histograms allow a
direct evaluation of families
with positive and those with
negative LOD scores&/fig.c:



not show positive LOD scores with these markers. After
exclusion of at least 2971 cM, representing 76% of the
entire genome, we were able to localize the ARPKD
gene to the chromosomal region 6p21-cen on the basis of
16 ARPKD families [20]. There was no evidence for ge-
netic heterogeneity among different clinical phenotypes.
The highest LOD score of 7.42 was obtained with
D6S272 at Θ=0.00 [20]. In a more extensive study of se-
vere early onset ARPKD cases (perinatal type) a total
LOD score of 4.58 (Θ=0.01) was obtained in a collection
of 21 American and European families, thus confirming
6p linkage in severe cases [21].

Narrowing the region with recombinant families

With the inclusion of additional families we performed a
linkage analysis of 90 families. One key recombinant
family is shown in Fig. 4 (family 68). The results of hap-
lotype analysis in families with recombinations in the
ARPKD region is summarized in Fig. 5. The flanking
markers are D6S269 (telomeric) and D6S466 (centro-
meric). A published recombination between the ARPKD
gene and D6S272 in a family in the United States defines
D6S272 as a distal flanking marker. The genetic distance
between the flanking markers D6S272 and D6S466 is
about 4 cM (Fig. 5).

An integrated genetic and physical map

Recently the International ARPKD Consortium [22] de-
scribed a YAC contig that spans about 5 cM defined by
the markers D6S1253–D6S295. Forty-three sequence-

tagged sites (STS) were mapped within this interval, in-
cluding 20 novel STSs. A minimal set of two YACs
spans the segment D6S465–D6S466, which contains the
ARPKD gene locus. Estimates of their sizes suggest that
the critical region is smaller than 3.1 Mb. Twenty-eight
STSs map to this interval, yielding an average STS den-
sity of less than 1/150 kb.
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Fig. 4 ARPKD pedigree (fam-
ily 68) with key recombination
narrowing the critical region on
chromosome 6p. The reombi-
nation occurring in child II.3
places the ARPKD locus cen-
tromeric to D6S282, and the re-
combination in II.5 locates the
ARPKD gene telomeric to
D6S1024 [24]&/fig.c:

Fig. 5 Ideogram of human chromosome 6p, with an expanded ge-
netic map of the analyzed region including the position of locus
ARPKD. Distances are those published by Dib et al. [27]&/fig.c:



Linkage disequilibrium

One important approach towards the identification of a
mapped disease gene is the analysis of a possible linkage
disequilibrium. Linkage disequilibrium can be expected
only in cases with a very short distance between the ana-
lyzed markers or disease genes. The detection of linkage
disequilibrum is less likely in a population of varying
ethnic backgrounds. Because the families analyzed could
be traced back to 15 different countries, there was only a
small probability of detecting an existing linkage dis-
equilibrium. The statistical analysis of the flanking
markers (two-tailed Fisher’s exact test) revealed a link-
age disequilibrium in the subpopulation of families pre-
dominantly of German origin for alleles of D6S272 only
(allele 2: P=0.024; allele 3: P=0.046). In the complete
material these results were not significant. Nevertheless,
the data indicate that the disease gene is closer to
D6S272 than to the other flanking marker D6S466, for
which no linkage disequilibrium was detected. This
agrees with the observation that only one recombination
was found with D6S272, but seven with D6S466 in
about 200 ARPKD families.

Exclusion of candidate genes

The chromosomal region 6p12-p21.1 is very gene rich.
Several genes map to this region. Among others the fol-
lowing genes have been excluded as the ARPKD gene:

Alpha subunit of the metalloendopeptidase meprin

Meprins are kidney and intestinal proteases encoded by
two distinct genes, MEP1A and MEP1B. MEP1A has
previously been mapped to human chromosome 6p21.2-
p21.1 and proposed as a possible candidate gene for AR-
PKD [23, 24]. With definition of an intragenic HhaI re-
striction fragment length polymorphism amplified by
PCR for linkage analysis [25], MEP1A could be exclud-
ed as the ARPKD gene because of a recombination event
in one ARPKD family [24].

Gluthathione S-transferase

Gluthathione S-transferase (GST2) is involved in the me-
tabolism of xenobiotics and carcinogens and in the bind-
ing and possible transport of some endogenous anionic
compounds such as bilirubin. Although it is expressed in
kidneys, it was not considered a strong candidate gene
for ARPKD. There are multiple GST2 genes and pseu-
dogenes in the 6p12 region [26]. In the nucleotid se-
quence of the genes we found a polymorphic trinucle-
otide-repeat, which we used for typing of all our
ARPKD-families. The presence of two recombinations,
excluded GST2 as the ARPKD gene. 

Methylmalonyl coenzyme A mutase

Methylmalonyl coenzyme A mutase (MUT) is involved in
the degradation of branched chain amino acids. It has been
mapped to 6p21.2-p12 [27]. Although MUT does not
seem to be a strong ARPKD candidate, we excluded MUT
by use of an intragenic PCR restriction fragment length
polymorphism. The two-allele polymorphism was infor-
mative in 20 ARPKD families. We found one recombina-
tion which excluded MUT as the ARPKD gene. Analyz-
ing the haplotypes of 7 families who had different recom-
binations in the region, it was possible to map MUT distal
to the D6S272/D6S243/D6S465/D6S119 cluster.

Other genes have recently been mapped to the AR-
PKD region. The exclusion without intragenic polymor-
phisms available, however, is much more difficult.

No evidence of genetic heterogeneity

So far there is no evidence of genetic heterogeneity in
ARPKD. Only one family has not been able to be classi-
fied yet, as the patient and his unaffected sibling showed
identical haplotypes with chromosome 6p markers. The
pathoanatomic picture is compatible with ARPKD, but it
cannot be regarded as absolutely typical in terms of a
nonuniform dilatation of collecting ducts. Because of
ambiguous histopathological findings it is difficult to re-
gard this family as a “nonlinked” case. For diagnostic
purposes the risk of a non-6p linked ARPKD is extreme-
ly low in clinically typical cases, less than 1%.

Prenatal diagnosis

Prenatal diagnosis of ARPKD by prenatal ultrasound
alone is not reliable. Increased echogenicity and renal
enlargement are the main ultrasound signs of ARPKD.
Oligohydramnios is characteristic but not always present.
In some cases enlarged kidneys are not detected before
the second half of pregnancy. This has been demonstrat-
ed in six patients observed personally and many reports
in literature [28]. Prenatal diagnosis by ultrasound is
even more uncertain in cases of mild involvement and
only a small proportion of dilated nephrons. Reports of
increased trehalase activity in ARPKD [29] have not
been confirmed in other studies.

Reliable prenatal diagnosis is possible by means of
closely linked DNA markers. We have performed segre-
gation analysis using information for prenatal diagnosis
in 67 families. Except one, all were informative for
flanking markers. In 15 families the affected children
had died long before DNA studies were possible, and
therefore paraffin embedded tissue only was available.
Prenatal prediction in 19 families showed the following
results: unaffected homozygous fetus (n=4), unaffected
homozygous or heterozygous (n=1), unaffected hetero-
zygous (n=9), and affected homozygous (n=2). In three
cases a recombination between informative flanking
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markers had occurred, and it was not possible to decide
whether the fetus was homozygous affected or heterozy-
gous. Necropsy confirmed the diagnosis of ARPKD in
two aborted fetuses, one as early as 14 weeks gestation
[30, 31]. The above evidence for linkage disequilibrium
of ARPKD and D6S272 indicated a high fetal risk.

Prerequisite for prenatal diagnosis of ARPKD is a
correct diagnosis in the affected child and the ultrasound
exclusion of cystic kidneys in both parents. The most im-
portant differential diagnosis is early onset of ADPKD,
which, however, can easily be diagnosed by the demon-
stration of an affected parent.
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