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Abstract
Primary nocturnal enuresis (PNE), or

bedwetting at night, affects approximately
10% of 6 year old children. Genetic
components contribute to the pathogen-
esis and recently one locus was assigned to
chromosome 13q. We evaluated the ge-

netic factors and the pattern of inherit-
ance for PNE in 392 families. Dominant
transmission was observed in 43% and an

apparent recessive mode of inheritance
was observed in 9% ofthe families. Among
the 392 probands the ratio of males to
females was 3:1 indicating sex linked or

sex influenced factors. Linkage to candi-
date regions was tested in 16 larger
families segregating for autosomal domi-
nant PNE. A gene for PNE was excluded
from chromosome 13q in 11 families,
whereas linkage to the interval D13S263-
D13S291 was suggested (Zmax=2.1) in
three families. Further linkage analyses
excluded about 1/3 of the genome at a 10
cM resolution except the region around
D12S80 on chromosome 12q that showed a

positive two point lod score in six of the
families (Zmax=4.2). This locus remains
suggestive because the material was not
sufficiently large to give evidence for
heterogeneity. Our pedigree analysis indi-
cates that major genes are involved in a

large proportion of PNE families and the
linkage results suggest that such a gene is
located on chromosome 12q.
(JMed Genet 1997;34:360-365)

Keywords: primary nocturnal enuresis; inheritance;
linkage analysis; heterogeneity

Nocturnal enuresis (McKusick 600631) is one
of the most common diagnoses in a paediatric
clinic, affecting 5-15% of 7 year old children.'6
The spontaneous cure rate is about 15% per
year and at the age of 16 years 1-2% of patients
are still enuretic and remain so into adulthood.7

Genetic factors have long been recognised in
enuresis and familial clustering has been
observed in several studies.' 2 8-10 At least 15%
of the cases are sporadic, but previous reports
indicate that the majority (>50%) have a fam-
ily history of enuresis with different patterns of
inheritance. Sporadic and inherited PNE share
the same clinical picture and yet these groups
may be genetically heterogeneous. Heterogene-

ity is substantiated by the observation that
children with.inherited PNE respond better to
pharmacological treatment with the synthetic
vasopressin analogue desmopressin acetate."'

In contrast, secondary enuresis (onset of
enuresis after a dry period of six months or
more) does not respond as well to treatment
with desmopressin. The causes of secondary
enuresis include neurological dysfunction, uro-
genital malformations, infections, and psycho-
logical factors.'2 13
Although familial PNE probably arises from

polygenic inheritance, analysis of a large
number of families may enable the identifica-
tion of major susceptibility loci. Recently, link-
age analysis with polymorphic markers identi-
fied a locus predisposing to PNE, assigned
ENUR1, in a proportion of Danish families.'4
The gene resides in a 4 cM interval flanked by
markers D13S263 and D13S291 on chromo-
some 13q.

In a clinical and genetic study we examined
two aspects of PNE. First, we investigated the
genetic predisposition to PNE in 392 cases by
recording family history of enuresis. Second,
we performed linkage analysis in 16 families
segregating for dominant PNE.

Materials and methods
PATIENTS
In a continuing Swedish multicentre study,"
392 children (291 boys and 101 girls) older
than 6 years were identified. All showed a
severe form of PNE including .10 wet nights
out of 28 and absence of a dry period >3
months. Concomitant neurological or urologi-
cal dysfunction associated with PNE was
excluded. Evaluation of each patient included
physical examination and urine analysis.
A detailed family history was recorded in

each case in order to determine the presence of
familial PNE as defined by any close relative
with PNE beyond the age of 6 years. The par-
ents of affected probands underwent a struc-
tured interview with specific questions regard-
ing the onset, frequency, and cessation of
bedwetting. Direct contact was made with the
relatives when the information from the
parents indicated a positive family history for
PNE. The diagnosis among second and third
degree relatives was ascertained, or excluded,
with the same criteria as for the proband. Fam-
ily members under the age of 7 years were not
included.
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GENOTYPING
Among familial cases of PNE we identified 16
Swedish two and three generation families seg-
regating for the disorder as a dominant trait. In
these families the trait showed a high pen-
etrance (approximately 90% in both sexes). A
total number of 76 affected and 72 unaffected
family members were sampled for linkage
analysis with polymorphic microsatellite mark-
ers. The genome search began with the analysis
of markers in candidate regions including
genes involved in the production and concen-
tration of secondary urine. Examples are the
genes for 5-natriuretic peptide precursor C and
5-hydroxytryptamine receptor 2B on chromo-
some 2; the genes for the 5-hydroxytryptamine
receptors 1B and 1E on chromosome 6; the
genes for aquaporin 2, aquaporin 2-like
protein, and arginine vasopressin receptor 1A
on chromosome 12; the gene for neuroendo-
crine specific protein on chromosome 14; and
the gene for arginine vasopressin on chromo-
some 20. The search was then extended by
choosing additional loci at 10-15 cM intervals
covering approximately one third of the
genome. In total, 98 polymorphic microsatel-
lite markers with a high informativity
(PIC >0.7) were chosen primarily from the
Genethon linkage map.'6 Amplification of
genomic DNA with primers end labelled with
7-32p were performed in 10 gl volumes
containing 20 ng genomic DNA, 1 nmol of
each dNTPs, 10 mmol/l Tris HCI (pH 8.3), 50
mmol/l KCl, 1.5 mmol/l MgCl2, and 0.2 U of
Taq DNA polymerase (Boeringer Mannheim).
The PCR products were separated on denatur-
ing polyacrylamide gels and visualised by
autoradiography. 17

STATISTICAL ANALYSIS
Two point linkage analysis between the pheno-
type and each of the polymorphic markers
tested was performed using the MLINK and
ILINK options of the FASTLINK 2.2
package. 18-2' The analyses were performed
assuming an autosomal dominant mode of
inheritance with an allele frequency of 0.01-
0.1, equal female to male recombination rates,
and a penetrance of 0.9 in both sexes. Different
penetrance figures have been used in the

B

43% (No = 168) 9% (No = 37)

C

48% (No = 187)
Figure 1 Schematic pedigrees representing the distribution of inheritance patterns ofPNE
in 392 families. The majority (43%) showed autosomal dominant inheritance (A).
Recessive inheritance was consistent in 9.4% offamilies (B). Sporadic cases constituted
48% of the families (C). In 15% of the sporadic families, a more distant relative (second or
third degree) was found with PNE. The possible inheritance from these relatives was not
considered because of the expected high phenocopy rate. Dominant genes hidden by reduced
penetrance have to be considered in the groups represented by B and C.

linkage analysis ranging from 0.7 to 0.95. This
affects the results only marginally.

In the screening procedure, families with a

positive two point lod score were considered at
each locus. The cumulative lod score was
calculated and homogeneity testing using the
HOMOGla and HOMOG3R options of
HOMOG version 3.332o22 23 were used to
evaluate further the regions of interest. Homo-
geneity testing was performed for loci where
the cumulative lod score in "positive" familes
was more than 2. Multipoint analyses in
regions of chromosomes 13q and 12q were
performed using the LINKMAP option of the
FASTLINK package. Marker distances of the
multipoint maps, with sex average genetic
intervals in brackets (cM), were: tel - D13S263
- (4) - D13S291 - cen and tel - D12S368 - (6)
- D12S90 - (7) - D12S335 - (8) - D12S80 -
(11) - D12S81 - (9) - D12S101 - cen, respec-
tively. The numbers of alleles for each marker
were reduced to make multipoint calculations
possible.

Results
FAMILY ANALYSES
Of 392 subjects with PNE, 291 were males
(74%) and 101 females (26%). Family history
showed a first degree relative (that is, parent or
sister/brother) with the condition in 205 fami-
lies (52%). Of these, 168 had one affected par-
ent which indicates dominant inheritance in
43% (fig 1). In 37 out of the 392 probands
(9.4%) the affected first degree relative was
either a sister or a brother, compatible with a
recessive mode of inheritance (fig 1). In 57
families (15%) a more distant family history of
PNE was found (second or third degree
relative). In the remaining 130 cases, no
evidence for a family history ofthe disorder was
found. No clinical differences were found
between children with or without a family his-
tory.
Genotyping and linkage analysis were con-

ducted in a total of 155 family members from
the subgroup of 16 families (fig 2). Of 85
female family members, 44 were affected
(52%) and of the men 36 were affected out of a
total of 70 (51 %). Seven obligate carriers were
found without a history of the disorder, three of
them females and two of them males. In two
families the non-penetrant subjects belonged
to the grandparental generation (families 12
and 15). Taken together, this corresponds to a
penetrance of approximately 0.9 in the 16
families with apparent dominant inheritance
and at least three affected members.

LINKAGE ANALYSES
Regions corresponding to chromosomes 2, 6,
12, 13q, 14, 20, and 21 were examined. When
testing the 16 families for markers closely
linked to ENURI, that is, markers D13S291
and DI3S263, suggestion of linkage was found
in a subset of the families (families 2, 5, and 9).
A cumulative three point lod score of 2.1 was
obtained for these three families with markers
D13S263 and D13S291 (fig 3, table 1).

A
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Figure 2 Sixteen families segregatingfor PNE. The families were selectedfor linkage analysis as they show a high penetrance with a dominant pattern of
inheritance. Reduced penetrance is observed in obligate carriers offamilies 3, 11, 12, 13, 14, and 15.

Homogeneity testing with HOMOGla on two
point data did not give significant evidence for
heterogeneity (data not shown). When ap-
proximately 35% of the genome was excluded
with a total of 98 polymorphic (CA). markers,
suggestion of linkage to chromosome 12q was
found in a second subgroup of families. A
cumulative two point lod score of 4.21 at
0=0.05 from D12S80 was obtained with fami-
lies having a Z>0. A four point linkage analysis
with markers D12S335-D12S80-D12S81 and
subsequent homogeneity testing with
HOMOGla indicated six families (3-6, 11, and
15) with >60% probability of being linked to
12q. The analysis did not show significant evi-
dence for heterogeneity (H2 v HO, X2=6.0, L
ratio=20.5). Multipoint analysis of the six
families with additional markers in the 12q
region resulted in a Zmax of 3.88 at 0=0.022
telomeric of D12S80 (table 2). This localises a
putative ENUR2 locus probably between
D 12S80 and D 12S81 (fig 4). Family 5 showed
indications of linkage to loci on both 13q and
12q. We then tested for homogeneity using
HOMOG3R with three family types, two types
linked to 12q (D12S80) and 13q (D13S291),
respectively, and a third type unlinked. The
analysis showed indications for linkage and for
heterogeneity (difference in Ln(L) = 3.07 with
a likelihood ratio for heterogeneity = 21.6).

Discussion
Genetic components behind PNE have been
postulated and one gene locus for PNE was
recently identified. Our results show that more

Table 1 Three point lod scores between PNE and markers
on chromosome 13q (90% penetrance) in 16families. The
markers span a region of 4 cM. The 0 values designate map
distances from D13S263 to D13S291 where D13S263 is
at map location 0. The maximum cumulative lod score of
families 2, 5, and 9 is at map position 4 cM corresponding
to D13S291

0

Family 0 0.02 0.04

1 -7.04 -3.73 -3.93
2 0.42 0.46 0.47
3 -0.43 -0.54 -0.61
4 -2.85 -2.82 -3.10
5 0.82 0.78 0.76
6 -0.94 -1.04 -1.11
7 -3.25 -3.15 -2.98
8 -2.57 -0.45 -0.26
9 -0.49 0.71 0.91
10 -2.58 -2.45 -2.57
11 -0.16 -0.12 -0.10
12 -3.22 -1.79 -1.63
13 -1.64 -1.35 -1.25
14 -1.33 -1.28 -1.33
15 -5.37 -1.38 -0.90
16 -2.24 -2.24 -2.24
Total -32.87 -20.39 -19.85
Zmax families
2,5,9 0.75 1.96 2.15

than 50% of all affected children have a family
history of the disorder which indicates a strong
genetic component. A dominant mode of
inheritance was shown in 168 out of 392 cases
(43%) with PNE. Possible recessive inherit-
ance was observed in 37 out of 392 cases
(9.4%). The possibility of reduced penetrance
in parents of the "recessive" cases has to be
considered as this phenomenon was also
observed in highly penetrant dominant fami-
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Figure 3 Three point linkage analysis at 13q. The negative curve represents allfamiL
(1-16). The positive curve represent the rumulative lod score forfamilies 2, 5, and 9 w
Zmax of 2.15 at D13S291. Map distance 0 (cM) is at D13S236.

lies. No affected first degree relative
observed among 187 (48%) of the cases
these probands were assigned "sporac
Similarly, reduced penetrance has to be con
ered in families of sporadic cases for t
recessive and dominant inheritance. The c

all male to female ratio is 3:1 in our mate
This indicates sex influenced factors wil
higher penetrance in males for inherited gc
predisposing to PNE, as suggested in prev
studies.
The sporadic cases, accounting for aln

50% of the patients, might be the result of
additive effect of several genes. This woulc
expected from the low lambda ratio for the
order. The ratio (that is, lambda ratio, X,
calculated as the incidence in first degree r
tives compared to the incidence in the gen

population, Xr=((205/392)/0.10), which is ap-
proximately 5. This comparatively low kr is in

nd 9 the same magnitude as for diabetes mellitus
type 1 (IDDM) and coeliac disease,'425 both
regarded as complex genetic diseases.

qter In contrast, the high penetrance for the
disorder observed in certain families favours
the existence of major PNE genes in a
proportion of the cases. However, the
possibility of phenocopies within families has
to be considered as the occurrence of PNE in
the population is around 10%. It is noteworthy
that the predominance among males was not
observed in the 16 larger families with a clear
dominant pattern of inheritance. Thus, it is
possible that certain major PNE genes present
in a proportion of families are sex independent,
as observed here and also in the previous report
by Eiberg et al. 14
The results from our linkage analyses

suggest that six out of 16 families (38%) are
linked to a region restricted by the polymor-
phic loci D 12S368 and D1 2S101. The sample
size was not large enough to obtain significant
evidence for heterogeneity with only one group
of families linked (HOMOGla). However,

'ies when we allowed for different groups of
ith a families linked to two different loci, and a third

unlinked group, HOMOG3R showed suffi-
was cient evidence for a group of families linked to
and 12q.
Sic". Only a few genes have so far been assigned to
isid- the D12S90-D 1 2S80 interval including the
both ones for glucosamine-6-sulphatase, high mo-
ver- bility group proteins (HMGI), gamma inter-
rial. feron, and MDM2."6 None of these is a
th a suspected candidate for being involved in PNE
enes but more genes are continuously mapped to
ious this and other parts of chromosome 12. One

candidate gene for PNE on chromosome 12 is
nost aquaporin-2 (AQP2) localised at 1 2q1 3,27 but
*the not yet known to be in the D12S90-D12S80
I be interval. The induction of water reabsorption
dis- in the kidneys is mediated by the insertion of
J) is AQP2 containing vesicles into the apical mem-
^ela- brane of the collecting duct cells."8 Since AQP
Leral is critically important for urinary concentration

Table 2 Seven point lod scores between PNE and markers on chromosome 12q (90% penetrance). The markers span a
region of 41 cM. The 0 values designate map distances from D12S368 to D12S101 where D12S368 is at map location 0.
The maximum cumulative lod score offamilies 3, 4, 5, 6, 11, and 15 is at map position 23.2 cM located between D12S80
and D12S81

0

Family 0 0.05 0.1 0.15 0.19 0.232 0.25 0.3 0.36 0.41

1 -5.43 -4.91 -3.94 -5.34 -5.84 -5.50 -5.15 -5.06 -3.85 -3.67
2 -2.27 -2.27 -2.38 -2.38 -1.78 -1.14 -1.11 -1.12 -1.27 -2.16
3 0.17 0.26 0.32 0.22 0.26 0.08 -0.17 -1.14 -3.28 -3.53
4 0.82 0.81 0.80 0.82 0.82 0.79 0.77 0.71 0.66 0.62
5 -3.13 0.37 0.75 0.82 0.82 0.74 0.63 0.29 -0.08 0.02
6 -0.64 -0.52 -0.46 -0.46 -0.44 0.65 0.83 0.85 0.74 -3.46
7 -3.27 -2.21 -1.89 -1.74 -0.71 -0.42 -0.59 -1.28 -1.30 -0.95
8 1.12 1.12 0.80 0.14 0.17 0.18 0.18 0.15 0.13 0.12
9 -3.04 -2.63 -2.33 -2.88 -2.86 -2.76 -2.66 -2.73 -2.62 -2.43
10 -3.85 -3.80 -3.16 -2.63 -2.57 -2.85 -2.73 -2.97 -1.45 -0.88
11 -1.89 0.61 1.01 1.11 1.10 1.04 0.98 0.83 0.17 -1.89
12 -3.27 -3.23 -2.75 -2.72 -2.94 -2.53 -2.12 -2.01 -1.94 -3.09
13 -0.62 -0.62 -0.64 -0.65 -0.64 -0.64 -0.63 -0.62 -0.64 -0.69
14 -2.08 -2.07 -2.07 -1.79 -1.38 -1.30 -1.30 -1.30 -1.26 -1.09
15 -2.91 -2.20 0.24 0.44 0.41 0.59 0.58 0.57 1.19 1.38
16 -3.95 -3.66 -0.54 -0.15 -0.25 -0.82 -0.89 -1.62 -2.87 -3.95
Total -34.25 -24.93 -16.25 -17.19 -15.83 -13.88 -13.39 -16.46 -17.66 -25.64
Zmax families

3,4,5,6,11,15 -7.58 -0.66 2.66 2.95 2.97 3.88 3.62 2.11 -0.60 -6.86

0
C.)
C,)

0
-J

363

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.34.5.360 on 1 M
ay 1997. D

ow
nloaded from

 

http://jmg.bmj.com/


Arnell et al

12qcen

o

0

-J

-2

-4

-6

-x

5

12qcen

I "- qter
IDistance (cM)

0
U)

0
-j

-5

-10

-15

-20

nc.)
a )m o0C/)00 ) CN)O COOU

CN4-CN 04

Figure 4 Multipoint linkage analysis of 16 PNEfamilies with marker loci at chromosome 12q. Map distance 0 (cM) is
at D12S368. (A) Cumulative multipoint lod score offamilies 3, 4, 5, 6, 11, and 15. The Zmax of3.88 is located at map
position 23.2, 2.2 cM telomeric ofD12S80. (B) Cumulative multipoint lod score of all 16 families.

and since a large proportion of enuretics
produce an abnormal amount of weakly
concentrated urine, it is reasonable to speculate
that a defect in this protein would cause
enuresis. Interestingly, an analogue to vaso-
pressin (desmopressin acetate) appears to
ameliorate enuresis." A more precise localisa-
tion of the AQP2 gene is required before con-
sidering it as a definite candidate for the
disease. Still, it remains unclear how a defect in
urinary concentration is connected to the
absence of an arousal mechanism, as patients
with PNE do not wake up in response to a full
bladder.

Recently, linkage analysis of Danish families
allowed the assignment of a PNE susceptibility
gene to chromosome 13q in a proportion of
families.'4 Here, we provide additional evi-
dence for genetic heterogeneity and our results
suggest the presence of a second locus for PNE
on chromosome 12q. Our results also suggest
linkage of PNE to the ENUR1 locus at
chromosome 1 3q in another subset of families.
At present, we are attempting to refine the
position of the gene at 12q with additional
families. Extended genome wide studies and
large families are needed in order to identify
PNE susceptibility loci further. The identifica-
tion of gene loci and genes responsible for PNE
will uncover the complex genetic basis behind
this disorder that affects approximately 10% of
all children. The identification ofPNE loci will
have direct implications for accurate counsel-
ling of parents and for rational trials of therapy.

We wish to thank the Swedish Enuresis Academy for discussion
and support. This study was financed by grants from the Swed-
ish Medical Research Council, Queen Lovisas Fund for Child
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