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Background: Fryns syndrome (FS) is the commonest auto-
somal recessive syndrome in which congenital diaphrag-
matic hernia (CDH) is a cardinal feature. It has been
estimated that 10% of patients with CDH have FS. The
autosomal recessive inheritance in FS contrasts with the
sporadic inheritance for the majority of patients with CDH
and renders the correct diagnosis critical for accurate genetic
counselling. The cause of FS is unknown.
Methods: We have used array comparative genomic hybri-
disation (array CGH) to screen patients who have CDH and
additional phenotypic anomalies consistent with FS for
cryptic chromosome aberrations.
Results: We present three probands who were previously
diagnosed with FS who had submicroscopic chromosome
deletions detected by array CGH after normal karyotyping
with G-banded chromosome analysis. Two female infants
were found to have microdeletions involving chromosome
band 15q26.2 and one male had a deletion of chromosome
band 8p23.1.
Conclusions: We conclude that phenotypes similar to FS can
be caused by submicroscopic chromosome deletions and that
high resolution karyotyping, including array CGH if possible,
should be performed prior to the diagnosis of FS to provide
an accurate recurrence risk in patients with CDH and
physical anomalies consistent with FS.

F
ryns syndrome (FS; OMIM 229850) is the commonest
autosomal recessive syndrome in which congenital
diaphragmatic hernia (CDH) is a characteristic fea-

ture.1–3 FS comprises CDH and pulmonary hypoplasia,
brachytelephalangy with nail hypoplasia, craniofacial dys-
morphism, orofacial clefting, and organ malformations
including cerebellar and neuronal heterotopias, ventricular
septal defects, renal cysts, and bicornuate uteri.1–3 Diagnostic
guidelines have been established but there are no formal
diagnostic criteria for FS or currently known biochemical or
molecular markers for FS, and the aetiology has not been
determined.
Several different chromosome aberrations have been

associated with a phenotype similar to FS.4 5 For example,
Pallister-Killian syndrome or tetrasomy 12p has frequently
been the cause of a presentation resembling FS with CDH,
pulmonary hypoplasia, coarse facial features, aortic stenosis
and cardiac septal defects, anal abnormalities, and hypopla-
sia of the external genitalia.6 Exclusion of this karyotype by
skin biopsy has been recommended prior to making the
diagnosis of FS. CDH is associated with an underlying
cytogenetic abnormality in 10–33% of cases.4 Recurrent
chromosome deletions have been shown to cause CDH and
other phenotypic abnormalities.5 Deletions of chromosome
15q24 to 15qter have been associated with CDH from nine

reports involving either ‘‘pure’’ monosomy for 15q24-15qter7–9

or monosomy for 15q24-15qter with additional chromosome
imbalance.10–12 The critical region for CDH has been localised
to chromosome 15q26.1 to 15q26.2 based on G-banded
karyotyping.9 Clinical features in addition to CDH in 15q25-
15qter monosomy have included congenital heart disease
with hypoplastic left heart syndrome and coarctation of the
aorta, pulmonary hypoplasia, reduced growth, mild facial
dysmorphism, fifth finger clinodactyly and brachydactyly,
talipes, and a single umbilical artery.7–9 Recurrent deletions of
chromosome 8p23-8pter have also been associated with CDH,
cardiac malformations, growth retardation, developmental
delay, facial dysmorphism, and genitourinary anomalies.13–16

Heart defects have been found in at least 60% of cases with
8p23 monosomy and include atrio-ventricular canal defects,
atrial septal defects, and ventricular septal defects.15 The
diaphragmatic defects occur less frequently than the heart
malformations and one review found that the 8p23 deletion
phenotype included CDH in 4/18 cases.13 The critical
chromosome band for CDH has not been molecularly defined,
although one report established that chromosome band
8p23.1 was consistently deleted in probands with CDH.5

We are currently using array comparative genomic
hybridisation (array CGH) to detect submicroscopic chromo-
some aberrations in patients with CDH and additional
anomalies consistent with FS. We present three probands
who were found to have submicroscopic chromosome
deletions involving chromosome 15q26.2 and chromosome
8p23.1 that were not detected with G-banded karyotypes.

CASE REPORTS
The clinical features pertaining to the first two probands have
been summarised in table 1. The first child was born to a
27 year old mother. Prenatal diagnosis revealed a left sided
CDH, hypoplastic left heart syndrome, and talipes.
Polyhydramnios was not detected. The baby was born at
39 weeks of gestation by C-section for fetal distress. She was
apnoeic and cyanotic and the Apgar scores were two at 1 min
and nine at 5 min. An echocardiogram revealed severe
hypoplasia of the left heart and aortic arch and care was
withdrawn shortly after birth because of the cardiac
hypoplasia. External examination showed a female infant
with weight 1800 g (,10th centile), crown-to-heel length of
41.5 cm (,10th centile), and a head circumference (OFC) of
30 cm (,10th centile). The head was normocephalic and no
dysmorphism was reported (fig 1). A cleft palate was
identified. The external examination was otherwise normal
apart from mild talipes equinovarus. The umbilical cord had
two vessels. Internal examination showed a large, left sided

Abbreviations: array CGH, array comparative genomic hybridisation;
BAC, bacterial artificial chromosome; CCD, charge-cooled device; CDH,
congenital diaphragmatic hernia; CHR, Committee for Human Subjects
Research; CRL, crown-rump length; FISH, fluorescence in situ
hybridisation; FS, Fryns syndrome; PCR, polymerase chain reaction
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posterior diaphragmatic hernia with herniation of the liver
and bowel into the thoracic cavity and displacement of the
heart to the right side of the chest. There was marked
hypoplasia of the left ventricle with stenosis of the mitral and
aortic valves. The aortic arch was hypoplastic with aortic
coarctation, but the right ventricle and pulmonary and
tricuspid valves were normal. The left lung weighed 1 g and
had two hypoplastic lobes and the right lung weighed 7 g and
had three lobes (measurements consistent with severe
pulmonary hypoplasia). The morphology of the other internal
organs was unremarkable. Chromosome analysis from a
sample of skeletal muscle showed an apparently normal
female karyotype (46, XX) at 400 band resolution. A
diagnosis of FS was suspected during the pregnancy, but
no syndrome diagnosis was made after birth.
The second child was the first baby born to a 33 year old

mother. A prenatal ultrasound scan showed multiple
abnormalities including a diaphragmatic hernia and cardiac
anomalies. Polyhydramnios was not detected. A prenatal
diagnosis of trisomy 13 was suspected, but the parents
declined genetic amniocentesis. Preterm labour started at

32 weeks of gestation and a female infant was delivered with
Apgar scores of five at 1 min and one at 5 min. Birth weight
was 2153 g (.90th centile), crown-rump length (CRL) was
31 cm (,10th centile), and OFC was 31 cm (50–75th
centile). The infant died shortly after delivery. External
examination (fig 2) showed aplasia cutis with a 1.5 cm scalp
defect near the vertex, and widened fontanelles.
Hypotelorism was described but the only measurement
available was the outer canthal distance at 6.6 cm (25th
centile). The nasal bridge was broad and flat, and the ears
were low set. There was a cleft palate and micrognathia. The
extremities showed ulnar deviation with a flexion contrac-
ture of the right hand and narrow nails. There was webbing
of the neck and hirsutism was present on the back. The
umbilical cord had two vessels.
Internal examination showed a large, left sided CDH with

herniation of the spleen and bowel into the left pleural space.
There was pulmonary hypoplasia and the right lung weighed
1.8 g and the left lung 0.8 g (expected total combined weight:
34 g (SD 11 g)). The heart showed transposition of the great
vessels with marked enlargement of the pulmonary artery
and a small and rudimentary aorta. The aortic valve was
stenotic with a third, misshapen semilunar valve. There was a
large atrial septal defect, a single ventricular cavity with an
absent ventricular septum, and a patent ductus arteriosus.
There was bilateral hydroureter and distal atresia of the
ureters prevented drainage of urine into the bladder (fig 3).
The kidneys had dilatation of the calyces with thinning of
the cortices and there was a double uterus and a double
septate vagina with normal fallopian tubes and ovaries.
Microscopic examination showed hepatosplenomegaly with
erythroid hyperplasia in the liver and spleen consistent with
reduced oxygen supply to the fetus. Chromosome testing on
cord blood showed a normal female karyotype at a 500–
600 band resolution (46, XX). A diagnosis of FS was made
after birth.

Figure 1 Facial photograph of
the first proband.

Table 1 Previously reported cases with ‘‘pure’’ monosomy for 15q24-15qter and the first two probands

Bettelheim7

(case 1)
Bettelheim7

(case 2) Schlembach8 Biggio9 Proband 1 Proband 2

Deletion 15q24-qter 15q24-qter 15q25-q26.2 15q26.1 15q26.1+ 15q26.2
Weight ,10th centile ,10th centile 10th centile Normal ,10th centile 90th centile
CDH + + + + + +
Pulmonary hypoplasia + + + +
Cardiovascular
Transposition of arteries +
Bicuspid aortic valve +
Preductal coarctation +
Aortic stenosis +
Dextrocardia +
Hypoplastic left heart + +
Atrial septal defect +
Ventricular septal defect +

Musculoskeletal
Short hands and feet +
Tapered fingers +
5th finger clinodactyly + +
5th brachydactyly +
Contracture right hand +
Rockerbottom feet +

Other
Aplasia cutis congenita +
Facial dysmorphism + + +
Cleft palate + +
Nuchal webbing +
Renal hypoplasia + +
Ureteral atresia +
Double uterus/vagina +
Single umbilical artery + + +
Talipes + +
Prognosis Stillborn Died at 10 months Died on day 1 Alive at 4 months Died on day 1 Died on day 1
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The third proband was the third child born to a 33 year old
mother. A sonogram was performed for a positive triple
screen result (Down syndrome risk of 1 in 160) and showed
left sided CDH, an atrial septal defect, ascites and pleural
effusions, and polyhydramnios. Labour was induced at
22 weeks of gestation and a stillborn male (fig 4) was
delivered with a weight of 586 g, OFC of 22 cm, and CRL of
18.5 cm (all measurements appropriate for gestational age).
An autopsy showed complete absence of the left hemidiaph-
ragm with severe pulmonary hypoplasia, incomplete lobation
of the right lung, dysmorphism with a broad nasal bridge and
micrognathia, a large atrial septal defect and a significant
ventriculoseptal defect, malrotation of intestines, and a
micropenis with cryptorchidism (normal for gestation).
There was hypoplasia of the fingernails and toenails.
Chromosome analysis on amniocytes showed a normal male
karyotype (46, XY) and fluorescence in situ hybridisation
(FISH) studies for chromosome 22q syndrome were negative.
A diagnosis of FS was made at autopsy.

METHODS
DNA samples were obtained from probands and parents
under a protocol approved by the Committee for Human
Subjects Research (CHR) at the University of California, San
Francisco (UCSF; CHR number H41842-22157-02A). DNA
was extracted from peripheral blood lymphocytes from the
parents or from paraffin sections from the probands by
digestion with proteinase K and salting out according to
standard protocols. Array CGH was performed on DNA

extracted from paraffin sections from the three probands to
identify copy number differences between the probands and
normal controls. The HumArray 2.0 bacterial artificial
chromosome (BAC) array comprising 2464 BAC, PAC, and
P1 clones was used17 and was obtained from the UCSF
Comprehensive Cancer Center Microarray Shared Resource
(http://cc.ucsf.edu/microarray). The majority of the clones
(2442/2464; 99%) on the array are single copy with an
average resolution of 1.4 Mb.17 The array CGH methodology
has previously been described.17 18 Briefly, patient DNA and
reference DNA were labelled by random priming with fluor-
conjugated nucleotides and unincorporated nucleotides were
removed using spin columns. The labelled DNA was mixed
with an excess of Cot-1 DNA, precipitated, and redissolved in
hybridisation buffer containing 50% formamide, 10% dextran
sulphate, 26SSC, and 2% SDS. The DNA was denatured at
72 C̊ for 10 min and preannealed at 37 C̊ for 1 h. After
hybridisation at 37 C̊ for 16–72 h, slides were washed with
50% formamide, 26SSC, and 0.1% SDS at 45 C̊ followed by
0.1 M sodium phosphate buffer with 0.1% Nonidet P-40.
Images of the DAPI, Cy3, and Cy5 fluorescence intensities
were collected using a charge-cooled device (CCD) camera
system19 and analysed by software programs including SPOT
and SPROC.20 The ideal log2 ratios for heterozygous genomic
deletions encompassing a whole BAC are 21 for a single copy
deletion and +0.58 (or less) for single copy duplications.17

Microsatellite marker analysis was used to verify the array
CGH data for the probands, as cell lines were unavailable for
FISH studies. The initial marker screens were performed with
markers spaced at 5 cM intervals from a high density marker
set (HD5; ABI Prism linkage mapping set v2.5). Polymerase
chain reaction (PCR) was performed in 96 well plates and the
PCR products were mixed with formamide, loading dye, and
size standards. The products were denatured and separated
using an ABI Prism 3700 DNA analyser (Applied Biosystems,
Foster City, CA) and the markers were multiplexed according
to marker size and fluorescent dyes. Analysis of the
electropherograms was performed using GeneMapper 3.1
software (Applied Biosystems). Allele sizes were assigned
using two reference individuals from CEPH families with

Figure 2 Photograph of the second proband showing craniofacial dysmorphism.

Double uterus

Double vagina
Urethra

Hydroureter
Ureteral
atresia 

Figure 3 Photograph from the second patient at autopsy showing
ureteral atresia and double vagina and uterus.

Figure 4 Facial photograph of
the third proband, showing a
broad nasal bridge and
micrognathia.
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known genotypes. Following the initial screen, additional
15q26 markers were selected (table 2).

RESULTS
In the first patient, array CGH showed reduced copy number
for two BAC clones at 15q26.2 consistent with monosomy for
this chromosome region (data not shown). The two
hybridisation spots with reduced log2 ratios values less than
21 were BAC clones RP11-185D5 (ratio 21.167) and RP11-
9B2 (ratio 21.059) at chromosome 15q26.2. We considered
that the array result together with previous reports of CDH
and monosomy for 15q24-15qter and the phenotypic simi-
larity of the proband to previously reported patients (table 1)
were sufficient to justify further study of this chromosome
region in this patient. Microsatellite marker analysis showed
that the proband has not inherited a paternal allele for
markers D15S207, D15S1014, and D15S212 mapped to
15q26.2 (table 2; fig 5A). Markers D15S130 and marker
D15S966 were uninformative, and thus deletion size was
estimated to be between 7 and 14 Mb in size.
In the second patient, array CGH showed reduced copy

number for BAC clones RP11-185D5 (ratio 20.751), RP11-
9B21 (ratio 20.87), and GS25P4 (ratio 20.848) at 15q26 to
15qter, consistent with a deletion for this chromosome region
(data not shown). In view of the findings in the previous
proband, we performed microsatellite marker analysis that
showed that the proband had not inherited a maternal allele
for marker D15S533, mapped to 15q26.2 (table 2; fig 5B).
Flanking marker D15S212 was uninformative and markers
D15S1014 and D15S120 were inherited in a Mendelian
pattern, consistent with an interstitial deletion of 1–2 Mb
estimated size.
In the third proband, array CGH showed reduced copy

number for five BAC clones at 8p22-23.1, implying possible
haploinsufficiency for this chromosome region (data not
shown). The five hybridisation spots with reduced log2 ratios
with values less than 20.85 were BAC clones RP11-112G9
(ratio 20.958), RP11-241I4 (ratio 20.893), RP11-23505

(ratio 20.967), RP11-235I5 (ratio 20.867), and RP11-262B7
(ratio 20.829) at chromosome 8p23.1 (data not shown). We
considered these results suggestive of a deletion at 8p22-
8p23, and microsatellite marker analysis showed that the
proband had not inherited a maternal allele for markers
D8S503, D8S550, and D8S520 mapped to chromosome
8p23.1 (fig 5C). The estimated size of this deletion ranged
from 2 to 6 Mb (table 3).
In the first and third probands, the presence of two alleles

for each parent with markers that are deleted in their child is
evidence that the deletions are de novo. In the family of the
second child, maternal haploinsufficiency for marker
D15S533 as found in the proband has not definitely been
excluded, although if present, this has not been associated
with any of the phenotypic effects noted in the proband.
These results also show that array CGH and microsatellite
markers can successfully be used to identify submicroscopic
chromosome deletions in probands who are deceased when
only paraffin sections are available.

DISCUSSION
We have identified three infants who had CDH and physical
anomalies suggestive of FS with submicroscopic chromosome
deletions using array CGH after initial G-banded karyotyping
had yielded normal results. In the first proband, FS was
considered as a diagnosis before birth and in the second and
third probands, FS was diagnosed following delivery. These
results show that phenotypes similar to FS can be caused by
submicroscopic chromosome deletions in cases in which
conventional chromosome analysis has reportedly been
normal. We would therefore recommend high resolution
karyotyping as a mandatory investigation in patients
suspected of having FS, with consideration of further studies
with array CGH if possible to exclude submicroscopic
cytogenetic abnormalities. The finding of two different
microdeletions suggests genetic heterogeneity for phenotypes
similar to FS, although the aetiology of FS remains unknown.
FS has been considered to have autosomal recessive

Table 2 Microsatellite markers at chromosome15q26.1 to 15qter in the first two probands

Marker Band Marshfield map (cM) UCSC Genome Browser Proband 1 Proband 2

D15S127 15q26.1 86.81 89,127,368 F 140 F 137
M 151 M 117, 151
P 140, 151 P 117, 137

D15S1004 15q26.2 98.44 92,060,786 F 132, 138 F 132,134
M 132 M 138,140
P 132 P 134,138

D15S130 15q26.2 100.59 92,440,938 F 285, 289 F 287. 289
M 289, 299 M 285, 289
P 289 P 285, 289

D15S207 15q26.2 102.21 93,940,537 F 166, 168 F 164
M 166,170 M 156,158
P 170 P 158,164

D15S657 15q26.2 104.86 94,434,555 – F 251, 255
M 251, 255
P 255

D15S1014 15q26.2 107.71 95,732,235 F 193 F 193, 199
M 197 M 193, 197
P 197 P 193, 199

D15S533 15q26.2 109.29 95,812,624 – F 344, 362
M 370
P 344

D15S212 15q26.2 109.29 95,865,430 F 346, 356 F 346, 356
M 352, 354 M 346, 354
P 352 P 346

D15S966 15q26.3 112.58 96,684,023 F 141,157 F 141,153
M 139,141 M 139,155
P 141 P 139. 153

D15S120 15q26.3/qter 112.58 97,327,244 F 174 F 174
M 174 M 176
P 174 P 174, 176

F, father; M, mother; P, proband. Uninformative markers or markers indicating a deletion are in bold.
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Figure 5 (A) Microsatellite marker D15S1014 in the proband’s mother (top line), father (second line), and proband (third line). The proband has
inherited a single allele from his mother but no allele is present from the father. (B) Microsatellite marker D15S533 in the proband’s mother (top line),
father (second line), and proband (third line). The proband has inherited a single allele from his father but no allele is present from the mother.
(C) Microsatellite marker D8S550 in the proband’s mother (top line), father (second line), and proband (third line). The proband has inherited one
allele from his father, but no allele is present from the mother.
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inheritance because of parental consanguinity21–24 and it
seems premature to conclude that karyotypic abnormalities
will be the sole cause of this phenotype. However, chromo-
some aberrations may constitute a greater fraction of the
aetiology of cases with CDH and additional malformations
than previously suspected.4

In the first two female probands, submicroscopic deletions
of chromosome 15q26 were demonstrated using microsatel-
lite marker analysis and in the third proband, a deletion of
chromosome 8p22-8p23 was identified. The phenotypic
findings in the first two infants were consistent with
previously reported cases of ‘‘pure’’ 15q26-15qter monosomy
and both had CDH, pulmonary hypoplasia, heart defects, a
cleft palate, and a single umbilical artery (table 1). In
particular, the CDH and cardiac defects in these two
probands were similar to previous cases, with one reported
infant having hypoplastic left heart syndrome8 and another
reported infant having abnormalities of the aortic valve.9

However, the second proband in this report also had
additional physical anomalies including a double uterus
and vagina and ureteral atresia, despite a smaller chromo-
some deletion than the first proband. The explanation for
these further physical findings is unclear and the array CGH
did not definitively allow the exclusion of other chromosome
aberrations, although the finding of an interstitial 15q26.2
deletion in combination with the patient’s phenotype
suggests that the CDH and other physical findings are likely
to have been caused by the deletion. The two microdeletions
in these patients overlap but were not identical and were
inherited on different parental alleles, making it unlikely that
imprinting contributed to the phenotype. We propose that
deletions of 15q26.2 constitute a new and recognisable gene
deletion syndrome that includes the findings of CDH,
pulmonary hypoplasia, cardiac malformations with hypo-
plastic left heart syndrome and aortic valve abnormalities,
craniofacial dysmorphism, cleft palate, genitourinary anoma-
lies, talipes, and a single umbilical artery. The frequency of
chromosome deletions at 15q26 in patients with CDH and
congenital heart disease remains to be determined. The CDH
and congenital heart disease are likely to be caused by
haploinsufficiency for a gene or genes in this chromosome
region, although it is plausible that the deletions could alter
the expression of a closely positioned gene. Candidate genes
at 15q26 include MEF2A, a member of the myocyte specific
enhancer factor-2 (MEF2) family that enhances the differ-
entiation of mesodermal precursor cells to myoblasts and is
involved in cardiac myocyte development.25 There are three
characterised genes in the 15q26.2 chromosome region,
MCTP2, N2RF2 (OMIM 107773), and MGC44294. Of these,

NR2F2 (nuclear receptor sub family2, group F member 2; also
known as COUP-TFII) has been the best studied and is known
to be involved in angiogenesis and cardiac development.26

Targeted deletion of this gene in mice has resulted in
embryonic lethality and the mutant mice are unable to
model primitive capillary plexus to microcapillaries; in
addition, the atria and sinus venosus do not develop past
the primitive heart tube stage.26 However, none of these genes
has so far been shown to be associated with a Fryns
syndrome-like phenotype.
In the third proband, a microdeletion of chromosome

8p22-8p23 was demonstrated by microsatellite analysis and
the proband had pulmonary hypoplasia and cardiac defects
with a large atrial septal defect and a ventricular septal
defect. These findings are consistent with previous cases with
monosomy for chromosome band 8p23.1 that have had CDH,
pulmonary hypoplasia, complex congenital heart defects and
atrioventricular canal defects, facial dysmorphism, and
varying degrees of mental retardation.13 The gata4 gene is
involved in cardiac morphogenesis in the mouse and the
human homologue maps to 8p23.1-8pter.16 GATA4 haploin-
sufficiency has been demonstrated in patients with monos-
omy 8p and congenital heart disease, but not all patients with
heart defects have had deletions including this gene.27 In this
patient, the GATA4 gene is not definitely deleted as the gene
is positioned between markers D8S550 (deleted in patient 3;
table 3) and D8S552 (not deleted in patient 3; table 3). No
critical interval for the gene(s) causing the CDH associated
with 8p23 monosomy has been molecularly defined.

CONCLUSION
We have demonstrated submicroscopic chromosome dele-
tions at chromosome 15q26.2 to 15qter in two females and a
submicroscopic chromosome deletion involving 8p23.1 in a
male. All three had CDH and additional anomalies consistent
with FS. We conclude that CDH and a presentation similar to
FS can be caused by a new, clinically identifiable chromo-
some deletion syndrome at 15q26.2 comprising CDH,
pulmonary hypoplasia, congenital heart disease, craniofacial
dysmorphism including cleft palate, genitourinary malforma-
tions, talipes, and a single umbilical artery. We also conclude
that submicroscopic chromosome deletions should be
excluded whenever possible in patients with CDH and a
phenotype similar to FS.
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Table 3 Microsatellite markers at chromosome 8q23.1 for the third proband

Marker Band Marshfield map (cM) UCSC Genome Browser Proband 3

D8S277 8p23.1 8.34 6,504,084 F 167, 173
M 167, 181
P 173, 181

D8S503 8p23.1 16.19 9,270,544 F 139, 143
M 139, 145
P 143

D8S520 8p23.1 20.61 10,593,770 F 197, 199
M 197, 201
P 199

D8S550 8p23.1 21.33 10,918,926 F 197, 211
M 209, 213
P 211

D8S552 8p22 26.43 12,752,448 F 122, 124
M 116, 126
P 116, 124

F, father; M, mother; P, proband. Markers in bold indicate allele deletions or uninformative markers in the proband.
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ELECTRONIC-DATABASE INFORMATION

The URL of the UCSF Comprehensive Cancer Center
Microarray Shared Resource is http://cc.ucsf.edu/
microarray/.
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Since the submission of this paper, additional case reports of
diaphragmatic hernia associated with deletions at chromosome 15q26
have been published (Hengstschlaeger et al. Fetal Diagn Ther 2004;
19(6):510–2; Klaassens et al. Am J Hum Genet 2005;76(5):epub). A
5 Mb ‘‘critical interved’’ has been delineated for the diaphragmatic
hernia causing gene by Klaasens et al between BACs RP11-152L20 and
RP11-753A21 (2005).

Correspondence to: A Slavotinek, Department of Pediatrics, University
of California, San Francisco, 533 Parnassus St, Room U585P, San
Francisco, CA 94143-0748, USA; slavotia@peds.ucsf.edu

Revised version received 3 December 2004
Accepted for publication 20 January 2005

REFERENCES
1 Fryns JP, Moerman F, Goddeeris P, Bossuyt C, Van den Berghe H. A new

lethal syndrome with cloudy corneae, diaphragmatic defects and distal limb
deformities. Hum Genet 1979;50:65–70.

2 Pinar H, Carpenter MW, Abuelo D, Singer DB. Fryns syndrome: a new
definition. Pediatr Pathol 1994;14:467–78.

3 Slavotinek AM. Fryns syndrome – a review of the phenotype and diagnostic
guidelines. Am J Med Genet 2004;124A:427–33.

4 Enns GM, Cox VA, Goldstein RB, Gibbs DL, Harrison MR, Golabi M.
Congenital diaphragmatic defects and associated syndromes, malformations,
and chromosome anomalies: a retrospective study of 60 patients and literature
review. Am J Med Genet 1998;79:215–25.

5 Lurie IW. Where to look for the genes related to diaphragmatic hernia? Genet
Couns 2003;14:75–93.

6 Veldman A, Schloesser R, Allendorf A, Fischer D, Heller K, Schaeff B, Fuchs S.
Bilateral congenital diaphragmatic hernia: differentiation between Pallister-
Killian and Fryns syndrome. Am J Med Genet 2002;111:86–7.

7 Bettelheim D, Hengstschlager M, Drahonsky R, Eppel W, Bernaschek G. Two
cases of prenatally diagnosed diaphragmatic hernia accompanied by the
same undescribed chromosomal deletion (15q24 de novo). Clin Genet
1998;53:319–20.

8 Schlembach D, Zenker M, Trautmann U, Ulmer R, Beinder E. Deletion 15q24-
26 in prenatally detected diaphragmatic hernia: increasing evidence of a
candidate region for diaphragmatic development. Prenat Diagn
2001;21:289–92.

9 Biggio JR Jr, Descartes MD, Carroll AJ, Holt RL. Congenital diaphragmatic
hernia: is 15q26.1–26.2 a candidate locus? Am J Med Genet
2004;126A:183–5.

10 Kristoffersson U, Heim S, Mandahl N, Sundkvist L, Szelest J, Hagerstrand I.
Monosomy and trisomy of 15q24-qter in a family with a translocation
t(6;15)(p25;q24). Clin Genet 1987;32:169–71.

11 Chen CP, Lee CC, Pan CW, Kir TY, Chen BF. Partial trisomy 8q and partial
monosomy 15q associated with congenital hydrocephalus, diaphragmatic
hernia, urinary tract anomalies, congenital heart defect and kyphoscoliosis.
Prenat Diagn 1998;18:1289–93.

12 Aviram-Goldring A, Daniely M, Frydman M, Shneyour Y, Cohen H, Barkai G.
Congenital diaphragmatic hernia in a family segregating a reciprocal
translocation t(5;15)(p15.3;q24). Am J Med Genet 2000;90:120–2.

13 Faivre L, Morichon-Delvallez N, Viot G, Narcy F, Loison S, Mandelbrot L,
Aubry MC, Raclin V, Edery P, Munnich A, Vekemans M. Prenatal diagnosis of
an 8p23.1 deletion in a fetus with a diaphragmatic hernia and review of the
literature. Prenat Diagn 1998;18:1055–60.

14 Pecile V, Petroni MG, Fertz MC, Filippi G. Deficiency of distal 8p – report of
two cases and review of the literature. Clin Genet 1990;37(4):271–8.

15 Pehlivan T, Pober BR, Brueckner M, Garrett S, Slaugh R, Van Rheeden R,
Wilson DB, Watson MS, Hing AV. GATA4 haploinsufficiency in patients with
interstitial deletion of chromosome region 8p23.1 and congenital heart
disease. Am J Med Genet 1999;83:201–6.

16 Devriendt K, Matthijs G, Van Dael R, Gewillig M, Eyskens B, Hjalgrim H,
Dolmer B, McGaughran J, Brondum-Nielsen K, Marynen P, Fryns JP,
Vermeesch JR. Delineation of the critical deletion region for congenital heart
defects, on chromosome 8p23.1. Am J Hum Genet 1999;64:1119–26.

17 Snijders AM, Nowak N, Segraves R, Blackwood S, Brown N, Conroy J,
Hamilton G, Hindle AK, Huey B, Kimura K, Law S, Myambo K, Palmer J,
Ylstra B, Yue JP, Gray JW, Jain AN, Pinkel D, Albertson DG. Assembly of
microarrays for genome-wide measurement of DNA copy number. Nat Genet
2001;29:263–4.

18 Bruder CE, Hirvela C, Tapia-Paez I, Fransson I, Segraves R, Hamilton G,
Zhang XX, Evans DG,Wallace AJ, Baser ME, Zucman-Rossi J, Hergersberg M,
Boltshauser E, Papi L, Rouleau GA, Poptodorov G, Jordanova A, Rask-
Andersen H, Kluwe L, Mautner V, Sainio M, Hung G, Mathiesen T, Moller C,
Pulst SM, Harder H, Heiberg A, Honda M, Niimura M, Sahlen S, Blennow E,
Albertson DG, Pinkel D, Dumanski JP. High-resolution deletion analysis of
constitutional DNA from neurofibromatosis type 2 (NF2) patients using
microarray-CGH. Hum Mol Genet 2001;10:271–82.

19 Pinkel D, Segraves R, Sudar D, Clark S, Poole I, Kowbel D, Collins C, Kuo WL,
Chen C, Zhai Y, Dairkee SH, Ljung BM, Gray JW, Albertson DG. High
resolution analysis of DNA copy number variation using comparative genomic
hybridization to microarrays. Nat Genet 1998;20:207–11.

20 Jain AN, Tokuyasu TA, Snijders AM, Segraves R, Albertson DG, Pinkel D.
Fully automatic quantification of microarray image data. Genome Res
2002;12:325–32.

21 Fitch N, Srolovitz H, Robitaille Y, Guttman F. Absent left hemidiaphragm,
arhinencephaly, and cardiac malformations. J Med Genet
1978;15:399–401.

22 Meinecke P, Fryns JP. The Fryns syndrome: diaphragmatic defects,
craniofacial dysmorphism, and distal digital hypoplasia. Further evidence for
autosomal recessive inheritance. Clin Genet 1985;28:516–20.

23 Dix U, Beudt U, Langenbeck U. Fryns syndrome – pre and postnatal diagnosis.
Z Geburtshilfe Perinatol 1991;195:280–4.

24 Kershisnik MM, Craven CM, Jung AL, Carey JC, Knisely AS.
Osteochondrodysplasia in Fryns syndrome. Am J Dis Child
1991;145:656–60.

25 Han J, Molkentin JD. Regulation of MEF2 by p38 MAPK and its implication in
cardiomyocyte biology. Trends Cardiovasc Med 2000;10:19–22.

26 Pereira FA, Qiu Y, Zhou G, Tsai MJ, Tsai SY. The orphan nuclear receptor
COUP-TFII is required for angiogenesis and heart development. Genes Dev
1999;13:1037–49.

27 Giglio S, Graw SL, Gimelli G, Pirola B, Varone P, Voullaire L, Lerzo F, Rossi E,
Dellavecchia C, Bonaglia MC, Digilio MC, Giannotti A, Marino B, Carrozzo R,
Korenberg JR, Danesino C, Sujansky E, Dallapiccola B, Zuffardi O. Deletion of
a 5-cM region at chromosome 8p23 is associated with a spectrum of
congenital heart defects. Circulation 2000;102:432–7.

736 Letter to JMG

www.jmedgenet.com

 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.2004.028787 on 1 S
eptem

ber 2005. D
ow

nloaded from
 

http://jmg.bmj.com/

