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Table 3 Phenotypes associated with OFCD syndrome in a Patient V 1
patient cohort
Feature Occurrences % Affected
Fernales with BCOR mutation 35
Females with OFCD syndrome phenotype 34/35
Ocular
Recorded 34/34
Affected 34/34 100
Congenital cataract 34/34 100
Microphthalmia/microcornea 28/34 82
Coloboma 1/34 3
Ptosis 3/34 9
Secondary glaucoma 4/34 12
Lens dislocation 1/34 3
Optic disc dysplasia 1/34 3
Phthisis bulbi 1/34 3
Iris synechia 2/34 6
Retinal detachment 1/34 3
Facial
Recorded 31/34
Affected 26/31 84
Septate nasal cartilage 25/26 96
High nasal bridge 11/26 42
Long narrow face 8/26 31
Palate/uvula anomalies 8/26 31
Simple ears 2/26 8
Cardiac
Recorded 27/34
Affected 20/27 74
Unresolved heart murmur 1/20 5
Septal defects 17/20 85
Patent ductus arteriosus 3/20 15
Valve incompentency 4/20 20
Pentalogy of Fallot 1/20 5 .
Dextrocardia 1/20 5 Figure 3 OFCD syndrome. (a, b) Typical facial features of OFCD
Double outlet right ventricle 1/20 5 syndrome include microphthalmia (left eye of each patient), long
narrow facies and septate nasal cartilage. (¢) The dental phenotype of
Dental OFCD syndrome includes hypodontia and tooth fusion and duplica-
Recorded 30/34 tion. (d, f) Digit anomalies in OFCD syndrome include second-third
Primary dentition only 8/30 toe syndactyly (d) and hammer toes (e). (f) Radioulnar synostosis in a
Primary and secondary dentition 22/30 patient with OFCD syndrome.,
Affected 22/22 100
Delayed/persistent/unerupted dentition 18/22 82
Root radiculomegaly (secondary teeth) 20/22 9N
Hypodontia/duplication/fusion 14/22 63 Skeletal A number of abnormalities of the skeleton have

(secondary teeth) . . .
been reported to be associated with OFCD syndrome and

Skeletal in 29 patients examined, we observe skeletal anomalies
i?fce‘értggd %ggg 97 in 28 cases. Hammer toes are present in 54% (15/28) of
Hammer toes 15/28 54 affected patients (Figure 3e) and second-third toe syndac-
Second-third toe sypda}ctyly o 16/28 57 tyly in 57% (16/28; Figure 3d); 93% (26/28) of patients
gfei(r’i‘s‘:"a’ synostosis/limited supination 9/28 32 have at least one of these phenotypes. Radioulnar syno-
Lordosis/scoliosis/vertebral fusion 7/28 25 stosis is more recently recognized as a skeletal feature
Short fingers 1/28 4 of OFCD syndrome and was detected in 25% (7/28)

Other of affected patients of the cohort described here
Mental retardation 6/34 18 (Figure 3f), with a further two patients reporting limited
Cerebral atrophy 1/34 3 supination.

ADHD 1/34 3

Hearing impairment 5/34 15 X
Poor fgading/vomiting/reflux 3/34 9 Other Developmental problems have been observed in
Asplenia 1/34 3 patients with OFCD syndrome and in the cohort presented
Vesicoureteral reflux 1/34 3

here, 18% (6/34) of patients demonstrate a level of
ADHD, attention deficit hyperactivity disorder. mental retardation, although in most cases this is mild.
Hearing loss, both conductive and sensorineural, is
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observed in 15% (5/34) of patients. Patients with OFCD
syndrome may manifest gastrointestinal problems, possi-
bly as part of a laterality phenotype, and we report feeding
difficulties and repeated vomiting and reflux in 9% (3/34)
of the cohort presented here. A further manifestation of
defective lateral patterning, asplenia, is observed in one
patient,

Sequence analysis of BCOR in males with presumed
X-linked (‘Lenz’) microphthalmia syndrome

To date, a single family in which males are affected by
X-linked microphthalmia remain the sole patients with
‘Lenz’ microphthalmia syndrome to have been shown to
carry a BCOR mutation.®> We have sequenced the BCOR
gene in 21 males with a putative diagnosis of Lenz
microphthalmia syndrome, based on an ocular phenotype
presenting with additional features of Lenz microphthal-
mia syndrome, including mental retardation, hearing
impairment and skeletal/digital anomalies. In the majority
of cases (20/21), there was no evidence of a family history.

We identified a missense mutation in one patient with
Lenz microphthalmia syndrome, ¢.254C>T, predicting
p.P8SL substitution at the protein level (Lenz I; Table 2).
This missense change is identical to the mutation pre-
viously described to be associated with Lenz microphthal-
mia syndrome.® The patient presented with bilateral
microphthalmia, mild mental retardation, atrial septal
defect and a typical array of skeletal and digital abnorm-
alities. Interestingly, the patient presented with right
radioulnar synostosis, a phenotype not previously asso-
ciated with Lenz microphthalmia syndrome but strongly
linked to OFCD syndrome.

We did not find a mutation in BCOR in 20 of the male
patients, suggesting that (1) the diagnosis of Lenz micro-
phthalmia syndrome is disputed or (2) mutations in BCOR
are not the major cause of Lenz microphthalmia syndrome,
a finding replicated by others.*

Sequence analysis of BCOR in patients with
unspecified ocular developmental anomalies

To investigate the contribution of mutations in BCOR in
non-specific forms of ocular and mental retardation
syndromes, we analysed the BCOR gene in a panel of 96
patients with isolated microphthalmia, coloboma and/or
mental retardation. We identified a single mutation in
BCOR in a female patient with what had been recorded as
isolated bilateral cataract and unilateral microphthalmia
(OFCD VIL1). The proband’s mother had a similar
phenotype. The mutation was ¢.4303_4307delCCATG
p.P1435LfsX24. On further questioning, it was found that
the patient had numerous primary teeth removed in
teenage years and had second-third toe syndactyly, sug-
gesting that this female has a mild OFCD syndrome
phenotype.
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Sequence analysis of BCOR in patients with
unspecified lateral specification defects

We have previously identified defects in lateral specifica-
tion as part of the clinical spectrum of OFCD syndrome.'"
We therefore hypothesize that mutations in BCOR may
account for non-syndromic laterality defects, with heart
defects representing the most common manifestation of
defects in lateral determination. This hypothesis is
supported by the observation that in population studies,
there is a ~2:1 male predominance of patients with
laterality defects not attributable to mutations in
ZIC3;'%?¢ further X-linked genes, such as BCOR, may
therefore be involved in human lateral specification. We
analysed the BCOR gene in a panel of 96 patients with a
variety of cardiac/laterality defects. We identified sequence
alterations in three patients: a female with situs inversus
and dextrocardia (heterozygous, ¢.2288G>T, p.R763L),
a female with mesocardia, VSD, partial anomalous
pulmonary venous return and intestinal malrotation
(heterozygous, ¢.3974A>G, p.K1325R) and a male with
transposition of great arteries, pulmonary atresia, VSD and
asplenia (hemizygous, ¢.3974A>G, p.K1325R). These
sequence alterations do not appear in SNP databases or
within the available EST sequences. However, these
changes were also identified in three sequences from a
panel of 171 ethnically matched unaffected controls (one
female heterozygous for ¢.2288G >T, p.R763L; two females
heterozygous for ¢.3974A> G, p.K1325R), suggesting that
they are rare polymorphisms rather than pathogenic
changes.

Discussion

In this study, we have focused on the precise clinical
features of OFCD and Lenz microphthalmia syndromes,
allelic disorders caused by mutation of the BCOR gene,
as examples of X-linked syndromic microphthalmia-
associated conditions. Given the heterogeneity amongst
X-linked microphthalmia syndromes, extension of our
knowledge of the mechanism by which BCOR mutation
is associated with OFCD and Lenz microphthalmia syn-
dromes may be pertinent to other disorders. To that end,
we searched for mutations in the BCOR gene in patients
with OFCD syndrome, presumed X-linked recessive
(‘Lenz’) microphthalmia syndrome, isolated ocular defects
and lateral specification defects.

Amongst pathogenic sequence variants that cause OFCD
syndrome and Lenz microphthalmia syndromes, the
mutations presented here confirm the sharply demarcated
genotype/phenotype correlation whereby hemizygous
males that carry a missense mutation in BCOR have Lenz
microphthalmia syndrome and heterozygous females
carrying a null allele have OFCD syndrome. The phenotype
in female patients may be variable, not only due to
differential X-inactivation effects, but also due to somatic
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mosaicism, a novel finding in three females in the cohort
presented here. To date, mutations in BCOR are the sole
molecular cause of OFCD syndrome and all mutations
identified are null alleles. It is notable that females with
putative diagnoses of OFCD syndrome in the absence of
radiculomegaly prove to be negative for mutations in
BCOR, suggesting a strong association of this cardinal
phenotype with mutations in BCOR. The mutation we
found in a female patient with apparently isolated
microphthalmia and cataract suggests that OFCD
syndrome may be under diagnosed and, at the mild end
of the spectrum, may have relatively insignificant non-
ocular features.

Three patients with OFCD syndrome with manifesta-
tions consistent with defective lateral patterning
(dextrocardia, asplenia and intestinal malrotation) have
been described.’’ The clinical features of two of these
patients (II.1 and I11.6), who display dextrocardia and
asplenia respectively, are described in more detail in this
report. As it has been demonstrated that BCOR is necessary
in the frog embryo to confer correct lateral organization
of heart and intestinal tract, it is hypothesized that defects
of lateral patterning, particularly of internal organs, are
a feature of OFCD syndrome. The association of cardiac
septal defects and correct laterality specification is well
documented and it is likely that the high frequency of
cardiac septal defects in OFCD syndrome is the most
common manifestation of aberrant laterality specification.
Defects of the midline are aetiologically linked with lateral
patterning and it is possible that the facial clefting and
septate nasal cartilage observed in OFCD syndrome also
result from defective lateral patterning.

Amongst the skeletal features associated with OFCD
syndrome it is of note that radioulnar synostosis, a more
recently recognized feature, was detected in 25% of the
patients with a skeletal phenotype described here. This was
also a feature of the patient with Lenz microphthalmia
syndrome with the ¢.254C>T, p.P8SL missense mutation.
This is identical to what was previously described in Lenz
microphthalmia syndrome,® supporting the pathogenicity
of this sequence variant and also suggesting that radioulnar
synostosis is an important marker of BCOR mutation.

The genetic causes of Lenz microphthalmia syndrome
thus remain largely undefined. Subsequent to the
first report by Lenz (1955),* there have been a large
number of reports of X-linked recessive microphthalmia
syndrome.?’~*' These reports show broad phenotypic
variability in males with multiple congenital anomalies.
However, in some cases, the absence of a proven X-linked
family history must call into question the validity of the
diagnosis. It is likely that some reported cases of ‘sporadic
Lenz microphthalmia syndrome’ are in fact misdiagnosed
and represent other forms of ‘syndromic microphthalmia’.
As a result, the exact incidence of Lenz microphthalmia
syndrome remains uncertain although the number of

European Journal of Human Genetics

families with proven X-linked inheritance is very small.
Unfortunately, a genotypic diagnosis of Lenz microphthal-
mia syndrome is currently impossible due to lack of genetic
information. Lenz microphthalmia syndrome has been
associated with at least two genetic loci, one at Xq27-q28'
and the second occupied by the BCOR gene.*® After
exclusion of a BCOR mutation in all except one of our
male cohort, we examined other candidate genes which
might be associated with X-linked microphthalmia/mental
retardation, specifically PQBPI (mutations in which cause
microphthalmia and mental retardation)*? and BCOR-like 1
(based on homology to BCOR and chromosomal location
at Xq26.1, in the region of the MCOPS1 locus). No
mutations were found in either gene (data not shown),
demonstrating that neither is a major cause of X-linked
microphthalmia syndromes. Combined with the low
incidence of mutations in BCOR in male microphthalmia
patients, these data suggest that the major locus for
X-linked microphthalmia/mental retardation remains
unidentified.

In summary, we have undertaken careful phenotypic
analysis of both females with OFCD syndrome and male
patients with MCOPS2. Apart from ocular defects, facial
dysmorphia, congenital heart defects and dental anoma-
lies, we find a high incidence of skeletal defects. Although
both congenital heart defects and defects of laterality
determination may be associated with OFCD, we did not
find BCOR sequence variants amongst those with unspeci-
fied lateral specification defects. Nonetheless we recom-
mend that laterality defects should be investigated, both as
cardiac manifestations and intestinal problems in patients
with OFCD syndrome. Finally, we suggest that the skeletal
phenotype of radioulnar synostosis - which we have seen
to be associated with both OFCD and Lenz microphthalmia
syndrome - as a further clinical predictor of BCOR
mutation.
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Genetic counseling on screenings for S_ﬁbmicroscopic chromosomal rearrangements:
A pilot study on parents of children with multiple congenital anomalies/mental

retardation
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Summary
Purpose: The utility of array-based comparative genomic hybridization (CGH) and multiplex
ligation-dependent probe amplification (MLPA) in clinical practice has been increasing and is
expected to identify the etiology of children with multiple congenital anomalies / mental
retardation. However little data are available regarding how the families understand these
results. This pilot study evaluated how negative results were accepted by parents of the patients.
Methods: We surveyed 9 families who had negative results analyzed using targeted array-based
CGH for detecting the chromosomal imbalance syndromes or using MLPA for detecting the
Results: No family had information about array-based CGH or MLPA
before undergoing testing. However of 9 families, 8 families had understood the objective, the

possible limitations, the sensitivity of testing, and the methodologies used in analysis after genetic

subtelomere imbalance.

counseling. In our study, most families expected future medical advances and hoped new testing

to improve access to service, guiding medical management, and/or preventing other testing as

well as improving the quality of life. Conclusion: Our study demonstrates that using a new testing
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in a clinical setting, physicians should be aware of issues of family education and potential
limitations of testing, and practice genetic counseling to allow the implementation of the testing

with maximum benefit and minimum risk.

¥ — "7 — K ! array-based CGH, MLPA, mental retardation, genetic counseling
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A Case of GM1-ganglosidosis with Foam Cells in Peripheral Blood and Dysmyelination in Brain-MRI

Shinichiro Inagaki”, Hitoshi Osaka”, Megumi Tsuji¥, Kiyoko Samejima”, Mizue Iai", Michiko Yamada",
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We report a patient of GM1-gangliosidosis, in which the diagnosis was difficult to make because of the
atypical clinical course and presence of myelination delay on the initial brain MRL

A l-year-old boy was admitted to our hospital because of his developmental delay. On admission, he had a
macroglossia, contracture of inferior limbs and vertebral body deformation in roentgenogram. The presence of
foam cells in the peripheral blood and brain MRI findings indicated the possibility of congenital myelination dis-
orders such as Salla disease, but the occurrence of thalamic signal abnormalities on MRI with reduced activity
of beta-glactosidase led to the diagnosis of GM1-gangliosidosis. By gene analysis, mutations of D448V in Exonl13
and W582X in Exonl6 were found and they are novel mutations. The patient is three years old, shows severe
developmental delay and weight loss, and has received continuous positive airway pressure therapy for his ap-
nea. His clinical features seems to be intermediate between those in infantile and juvenile types of GM1-
gangliosidosis. The possibility of atypical GM-1 gangliosidosis should be considered in patients having the com-
bination of foam cells in the peripheral blood and myelination delay on brain MRL
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A case of prenatally suspected as paternal uniparental disomy 14.

Katsusuke OZAWAYL, Hiroshi ISHIKAWADY, Yasuyo MARUYAMAY, Tomoko NAGATAY, Hiromi NAGASE Y,
Noritaka FURUY A2, Hiroshi YOSHIHASHI?, Kenji KUROSAWA?, Atsushi SHIBAZAKI®, Michiko YAMANAKA®

Summary
This report describes a case of paternal uniparental disomy 14 (pUPD 14) prenatally suspected as
pUPD 14 by transmaternal X-ray photo of the fetus which showed the typical deformation of ribs
called " coat hanger appearance”. The mother was 28 years of age and the father was 29 years of
age, past history and familial history of both were nothing particular. The mother was referred to
our hospital because of suspect of fetal omphalocele at 19 weeks of gestation. The fetal ultrasound
examination revealed omphalocele (25 cm x 25 cm) with wide stalk of the hernia without any
other findings. We have informed about the natural history of congenital omphalocele including
the probability of other complication and/or anomalies. Polyhydraminios was developed after 22
weeks of gestation which required serial amnio-reduction. The amniotic fluid karyotyping
revealed 46, XX. Other fetal findings. such as narrow thorax, slight shortness of the limbs, slightly
enlarged lateral ventricles and enlarged abdominal circumstance with atypical omphalocele with
wide stalk, have become obvious, therefore we suspected pUPD 14. The X-ray photo of the fetal
thorax through mother showed "coat hanger appearance" which was taken at 33 weeks of
gestation. Thus we informed the parents about pUPD 14. A female infant weighed 3372 grams
was born at 36 weeks of gestation by cesarean section because of breech presentation with Apgar
scores 5/5 (1 minute / 5 minutes). She needed mechanical ventilation for 5 days for respiratory
distress, however, she discharged from hospital at 51 days with home oxygen therapy. The finding
of chest X-ray photo after birth was same as prenatal, and pUPD 14 was confirmed by methylation
PCR analysis.

% — 7 — K :paternal uniparental disomy 14 (pUPD 14), X-ray photo of the fetus, omphalocele, Polyhydraminios,
prenatal information
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