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Genetic heterogeneity of Meckel syndrome
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Abstract
Meckel syndrome (MKS) is a lethal, auto-
somal recessive condition characterised
by an occipital meningoencephalocele,
enlarged kidneys with multicystic dyspla-
sia, fibrotic changes ofthe liver in the por-
tal area with ductal proliferation, and
postaxial polydactyly. Recently, a MKS
gene has been mapped to chromosome
17q21-q24 in Finnish families, with no evi-
dence oflocus heterogeneity in this popu-
lation. Here, we report the exclusion of
chromosome 17q21-q24 in eight typical
MKS families of North African and Mid-
dle Eastern ancestry and provide evidence
for genetic heterogeneity ofthis condition.
(jMed Genet 1997;34:1003-1006)

Keywords: Meckel syndrome; genetic heterogeneity;
fetopathology

Meckel syndrome (MKS, MIM 2490001 ) is a

lethal, autosomal recessive malformation of
unknown origin characterised by (1) an occipi-
tal meningoencephalocele, (2) enlarged kid-
neys with multicystic dysplasia, (3) fibrotic
changes of the liver in the portal area with duc-
tal proliferation, and (4) postaxial polydactyly
(fig 1).2 The incidence of the disease ranges
from 1/13 250 to 1/140 000 births, but in Fin-
land the prevalence averages 1/9000 births.'
Recently, a MKS gene has been mapped to
chromosome 17q21-q24 in Finnish families
with no evidence of locus heterogeneity in this
population.6 Here, we report the exclusion of
chromosome 17q in eight typical MKS families
of North African and Middle Eastern ancestry
and provide evidence for clinical and genetic
heterogeneity of this condition.

Patients and methods
A total of eight families of North African and
Middle Eastern ancestry with 12 affected
fetuses and 33 healthy relatives were included
in the study. Among them, 7/8 were consan-
guineous and 5/8 had more than one affected
fetus (fig 2, table 1). Ten fetuses were aborted
in the second trimester after prenatal ultra-
sound diagnosis ofMKS and 2/12 died shortly
after birth. A postmortem examination was
performed in all cases, except in the second
case of family 8, according to a previously
defined protocol.7 Obstetricians, fetopatholo-
gists, and geneticists provided us with ultra-
sonographic records, karyotype results, pedi-
grees, necropsy records with photographs, and
histological specimens. All findings were re-
viewed by the authors (table 1). Criteria for
inclusion in the study were (1) cystic dysplasia
of the kidneys, (2) fibrotic changes of the liver,
(3) occipital encephalocele or other malforma-
tions of the central nervous system, and (4)
normal blood or cultured skin fibroblast
karyotypes.5
DNA was extracted from either frozen tissue

or cultured skin fibroblasts of the fetuses and
from lymphocyte pellets of their relatives by
SDS lysis, proteinase K digestion, phenol/
chloroform extraction, ethanol precipitation,
and Tris-EDTA resuspension. For genotyping,
microsatellite DNA markers were amplified
using 0.5 U Taq polymerase (Life Technolo-
gies) in a buffer containing 1.5 mmol/l MgCl,2
20 ,nol/l of each deoxynucleotide, 1 pmol/I of
primers, and 200 ng genomic DNA in a final
volume of 20 id. After an initial denaturation
step at 94°C for 10 minutes, PCR was
performed for 30 cycles with a denaturation
step at 94°C for 30 seconds, annealing at 55°C
for 30 seconds, and extension at 72°C for 30

Table1 Clinical and histopathologicalfindings in 12 fetuses with Meckel syndrome

Family 1

Consanguinity ?
Origin Morocco
Patients II.2
Gestation (wk) 32
Issue of pregnancy Sb
US prenatal diagnosis +
Fetopathological evaluation +
Sex F
Enlarged polycystic kidneys +
Fibrotic changes of liver +
Occipital exencephalocele 0
Fossa posterior

abnormalities +
Ahdab-Barmada's triad'° 0
Microphthalmia ?
Cleft lip or palate +
Heart defect 0
Genital hypoplasia 0
Pancreatic dysplasia +
Hand polydactyly 0/0
Foot polydactyly 0/0

Morocco
II.3
18
Ab
+

2
+

Tunisia
V.3
21
Ab
+

+ +

F M

+ +

+ +

+ +

+

0

0

0

0

0/0

0/0

2 3 4 5 6 7 8 8
+ + + + + + + +

Tunisia Pakistan Senegal Tunisia Tunisia Algeria Morocco Morocco
V.4 III.3 IV.9 V.3 V.1 III.6 III.2 11.3
14 19 17 24 23 21 25 37
Ab Ab Ab Ab Ab Ab Ab Sb
+ + + + + + + +

F M F M M F F F

+ + + + + + + +

+ + + + + + + +

+ + + + + + +

8
+

Morocco
III.5
24
Ab
+

+

M

+

l1

+ + + + + + + + +

+ + + + + + + ? 0

+ + + ? + + 0 0 +?
0 0 0 0 + + + 0 0 0

0 0 0 0 0 + + 0 ? 0
+ 0 + - + + - - - 0

+ ? 0 ? + + 0 ? ? +/-
+I+ +I+ 0/0 +/+ +1+ +1+ 0/0 0/0 +1+ +1+
+1+ +1+ 0/0 +1+ +1+ +1+ 0/0 0/0 0/0 0/0

+, present; 0, absent; ?, not obtained; F, female; M, male; Sb, stillbirth; Ab, aborted; US, ultrasonographic.
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Table 2 Pairwise linkage between the MKS locus and three microsatellite DNA markers
of chromosome 17q

Recombination fraction (0)

Locus Families 0.00 0.01 0.05 0.10 0.20

D17S1607 Total -x -10.47 -4.69 -2.60 -1.04
AFMaO46zgl 1 -0.23 -0.22 -0.18 -0.14 -0.07

2 -x -1.00 -0.37 -0.17 -0.03
3 -3.77 -1.16 -0.51 -0.27 -0.09
4 -3.52 -0.67 -0.11 0.02 0.02
5 -2.60 -1.09 -0.47 -0.24 -0.08
6 -3.90 -0.94 -0.33 -0.13 -0.02
7 -3.90 -1.28 -0.61 -0.36 -0.14
8 -x -4.10 -2.10 -1.31 -0.62

D17S1606 Total -x -11.54 -5.19 -2.92 -1.20
AFM338xg5 1 -x -1.04 -0.39 -0.16 -0.01

2 -2.84 -1.08 -0.45 -0.22 -0.07
3 -3.77 -1.16 -0.51 -0.27 -0.09
4 -3.86 -1.01 -0.44 -0.28 -0.16
5 -x -0.91 -0.33 -0.15 -0.05
6 -3.70 -1.20 -0.54 -0.30 -0.11
7 -3.60 -1.29 -0.64 -0.40 -0.21
8 -x -3.85 -1.89 -1.14 -0.51

D17S1604 Total -x -11.94 -4.98 -2.52 -0.15
AFMal63tf9 1 0.07 0.07 0.06 0.05 0.01

2 -< -2.08 -0.81 -0.36 0.02
3 -3.77 -1.16 -0.53 -0.30 -0.04
4 -3.86 -1.01 -0.44 -0.28 -0.08
5 -x -2.38 -1.09 -0.60 -0.08
6 -3.90 -0.94 -0.33 -0.13 -0.00
7 0.95 0.92 0.83 0.71 0.27
8 -x -5.37 -2.67 -1.60 -0.25

Figure 1 Clinical and histopathologicalfeatures in a typical case ofMeckel syndrome.
(A) Phenotype of a 21 week old male fetus. Note occipital meningoencephalocele, enlarged
cystic kidneys, and postaxial polydactyly. (B) The malformation triad of the central
nervous system with prosencephalic dysgenesis, occipital meningoencephalocele, and rhombic
roof dysgenesis. (C) Typical multicystic renal dysplasia (HES). (D) Fibrotic changes of the
portal area with ductular proliferation (HES).

seconds. The reaction was completed with an
elongation step at 72'C for 10 minutes. Ampli-
fied products were separated on 6% polyacry-
lamide gels run under denaturing conditions
and transferred onto charged nylon mem-
branes (Hybond N+ Amersham). Membranes
were hybridised overnight at 42°C with a
poly-AC probe, labelled by chemiluminescence
(ECL, direct nucleic acid labelling and detec-
tion system, Amersham Life Science), and
exposed to x ray films for 10 minutes. Linkage
analyses were performed using the MLINK
and LINKMAP options of the 5.1 version of
the LINKAGE program.' The MKS gene was
assumed to have complete penetrance and a
gene frequency of 0.001.

Results
The eight families reported here fulfilled the
criteria of typical MKS.2 Interestingly, associ-
ated malformations were often observed in the
fetuses, namely polydactyly and occasionally
cleft lip/palate, microphthalmia, congenital
heart defect, pancreatic dysplasia, and genital
hypoplasia. Moreover, 7/12 patients harboured
the distinctive malformation triad of the central
nervous system reported by Ahdab-Barmada et
al'0 and others," 12 namely prosencephalic dys-
genesis, occipital encephalocele, and rhombic
roof dysgenesis (table 1). It is worth noting that
intrafamilial clinical heterogeneity was noted in
our series as reported in previous studies.'3
Clinical heterogeneity was found in occipitoen-
cephalocele (families 1 and 8) and hand
polydactyly (family 8, table 1).
The following order and genetic distances

between loci have been previously shown in
CEPH reference families'4: cen-D17S1607-
(0.05)-(D17S1606, MKS)-(0.01)-D17S1604-
tel.

Pairwise linkage analyses using microsatellite
DNA markers of chromosome 17q excluded
the disease gene from the genetic interval
encompassing the Finnish locus in each and
the combined MKS pedigrees (table 2).
Haplotype reconstruction also excluded the
MKS gene from chromosome 17q21-q24 in
our families (fig 2).

Discussion
Recently, a MKS gene has been mapped to
chromosome 17q21 in Finnish families with no
evidence of locus heterogeneity in this popula-
tion. Here, we report the exclusion of the
Finnish locus on chromosome 17q21-q24 in
eight typical MKS families of North African
and Middle Eastern ancestry and show evi-
dence of genetic heterogeneity of Meckel
syndrome. Interestingly, Paavola et alt have
previously excluded the disease gene from
chromosome 17q in a Bangladeshi family with
atypical Meckel syndrome (the patient sur-
vived several days after birth). The present
study therefore provides the first evidence of
genetic heterogeneity in a typical form of
Meckel syndrome.

This genetic heterogeneity will certainly
hinder the mapping of MKS loci in our
series, especially as more than one locus
could be involved, and various related
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Figure 2 Pedigrees and haplotype analyses ofchromosome 17q21-q24 in Meckel syndrome. Haplotypes are given for loci Dl7S1607,
Dl 7S1616, and Dl 7S1604.

cerebroacrovisceral syndromes might overlap
with MKS. 5- 8 For this reason, the goal of gene
identification will be probably easier to achieve
in defined ethnic groups (Finnish or North
African families) or in clinical subclasses of the
disease. Along these lines, we suggest giving
consideration to the subgroup of patients
harbouring the Ahdab-Barmada triad (prosen-

cephalic dysgenesis, occipital meningoen-
cephalocele, and rhombic roof dysgenesis) as a

potentially important clinical subgroup when
investigating the genetic heterogeneity of
MKS. 10-2
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