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C
ri du chat syndrome (CdCS) is a rare (1:15 000 to
1:50 000 live births)1 autosomal-dominant syndrome
mainly caused by segmental deletions of chromo-

some 5p.2,3 Respiratory issues are common in CdCS, with
some infants having neonatal respiratory distress,1 and pneu-
monia, bronchitis, and otitis media develop in approximately
30% of children with this syndrome.4,5 Despite the preva-
lence of respiratory issues in CdCS, many caregivers do not
aggressively investigate other respiratory diseases because
they assume these issues are secondary to chronic aspiration
and hypotonia associated with CdCS.

Primary ciliary dyskinesia (PCD) is a similarly rare (1:15 000
live births) genetic disease in which dysmotile respiratory cilia
result in chronic sinusitis, chronic cough, frequent otitis me-
dia, recurrent pneumonia, neonatal respiratory distress, and
infertility.6 Approximately 50% of patients with PCD also
have situs inversus totalis, or mirror image organ arrangement
(Figure 1, A and B), and at least 12% have situs ambiguus, or
organ arrangement that falls somewhere between normal and
mirror image arrangements.7 PCD is a polygenic disease, with
PCD-causing mutations known in 30 genes, where biallelic
mutations are inherited in an autosomal-recessive pattern.
Mutations in the dynein axonemal heavy chain 5 gene
(DNAH5) cause outer dynein arm ciliary defects and
account for approximately 30% of cases of PCD.8 This gene
resides in the same chromosome 5p region affected in CdCS.
We report 2 patients with CdCS who also have PCD
through hemizygous DNAH5 mutations.

Case 1

Case 1 is a 6-year-old white, nonconsanguineous, boy with
facial dysmorphism, developmental delay, autism-spectrum
disorder, and hypotonia who was diagnosed with CdCS in in-
fancy. He also has situs ambiguus with dextrocardia, left lung
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isomerism, left superior vena cava, dextrogastria, polysplenia,
and a left-sided liver (Figure 1, C). Despite an uncomplicated
term birth, the child had neonatal respiratory distress and
required supplemental oxygen for 14 days. He had 5-10
episodes of otitis media in the first 2 years of life and required
pressure equalization tubes at 7 months of age. He has year-
round nasal congestion and year-round wet cough, which
started around 6 months of age. He has had 4 episodes of
pneumonia that required hospitalization. The child has
chronic right middle lobe changes on chest radiography with
bronchiectasis on chest computed tomography (CT) scan.
Nasal nitric oxide screening was attempted; however,

because of poor patient cooperation, a reliable measurement
could not be obtained. Electron microscopy (EM) of nasal cilia
confirmed the absence of the outer dynein arms, consistent
with the diagnosis of PCD (Figure 1, D and E). Ciliary beat
pattern was not examined by high-speed videomicroscopy.
DNAH5 mutation profiling was performed by Sanger
sequencing for all 79 exons and splice junctions as previously
described.8 An apparently homozygous previously known
frameshift mutation (c.3905delT [p.Leu1302Argfs*19]) in
exon 25 of DNAH5 was identified (Figure 2, A). Multiplex
ligation-dependent probe amplification (MLPA) analysis
identified deletion of one copy of DNAH5, confirming
presence of a hemizygous c.3905delT mutation accompanied
by the deletion of DNAH5 from the trans allele due to the
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Figure 1. Ciliary ultrastructure and laterality defects in PCD. A, Chest radiograph of a sample patient with situs solitus or normal
organ arrangement, with a left cardiac apex (C), right sided liver (L), and a left-sided stomach (S). B, Chest radiograph of sample
patient with situs inversus totalis or mirror-image organ arrangement. C, CT scan of case 1 with situs ambiguus showing poly-
splenia (Sp), dextrogastria (S), and a left-sided liver (L). This patient also had dextrocardia, left lung isomerism, and a left superior
vena cava. D, Normal ciliary ultrastructure from healthy subject. E, Individual (case 1) with apparent hemizygous mutation in
DNAH5 with absent/shortened outer dynein arms.
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presence of Cri du chat (5p deletion) (Figure 2, B).9 Parental
DNA was not available for segregation analysis.

Case 2

Case 2 is a 12-year-old girl of nonconsanguineous French
Canadian origin who was genetically diagnosed with
CdCS (46,XX,del(5)(p13)) at 3 months of age during
failure-to-thrive investigations. A paternal uncle carries a
diagnosis of PCD. She did not have neonatal respiratory
distress, but she has had daily, year-round nasal congestion
and daily, year-round wet cough since birth. She also has
chronic sinusitis. She had more than 10 episodes of otitis
media in the first 2 years of life and required pressure equal-
ization tubes at 6 months of age and chronic use of hearing
aids. She requires hospitalization 4 times annually since
birth for pneumonia. Radiology studies show situs inversus
totalis, with otherwise-normal cardiac and abdominal ultra-
sounds (Figure 1, B). She never had a chest CT scan, and
nasal nitric oxide screening was not conducted. Genetic
scanning via high-resolution melting curve analysis on a
LightScanner instrument (BioFire Diagnostics, Inc, Salt
Lake City, Utah) and sequencing of DNAH5 revealed a
hemizygous frameshift mutation c.1427_1428delTT
(p.Phe476Serfs*26) in exon 11, resulting in a premature
translation termination signal codon, which is previously
described in PCD (Figure 2, C).8 MLPA analysis
identified deletion of one copy of DNAH5, confirming
2

presence of a hemizygous c.1427_1428delTT mutation, as
in case 1 (Figure 2, B). Ciliary biopsy was not performed
in this case.

Discussion

PCD from mutations in DNAH5 and CdCS share a common
genetic link through changes on chromosome 5p. Patients
with CdCS who are carriers of a mutation in DNAH5 from
only one parent are at risk for PCD ifDNAH5 on the opposite
5p chromosome is affected by the deletion causing CdCS.
With a large amount of patients with CdCS exhibiting recur-
rent respiratory issues, PCD may be present in a sizeable
portion of these cases. Consequently, choosing when to
screen patients with CdCS for PCD may be difficult.
Certainly, any patients with situs inversus or situs ambiguus
should have PCD testing, yet certain congenital malforma-
tions seen in situs ambiguus with PCD also can occur in
CdCS (such as congenital heart disease10 and intestinal mal-
rotation5). Therefore, any organ laterality defect in CdCS,
including isolated lesions such as cardiac septal defects, inter-
rupted inferior vena cava, intestinal malrotation, or polysple-
nia, could be associated with PCD.7 In addition, more than
90% of patients with CdCS harbor a gene deletion involving
theDNAH5 region (5p15.2).3 Thus, PCD screening including
DNAH5 gene dosage analysis should be offered to all patients
with CdCS with chronic oto-sino-pulmonary symptoms or
organ laterality defects.
Shapiro et al



Figure 2. Location of PCD causing mutation in DNAH5. A, An apparent hemizygous (hem) mutation in affected (top) from case 1
and corresponding wild-type (WT) sequences in control (bottom) for exon 25 mutation c.3905delT (p.Leu1302Argfs*19). Mutations
are designated by a filled arrow. B,MLPA is a technique to determine relative ploidy.9 It was carried out using SALSA MLPA P238
DNAH5 probe mix as per the manufacturer’s instructions (MRC-Holland, Amsterdam, The Netherlands). This commercial kit
comprised probes for 23 of the 79 coding exons of DNAH5, including coding exons 1 and 79 harboring start and stop codons,
respectively. In addition, 19 reference probes are included that defect different autosomal chromosomal locations. The dosage
quotient, that is a ratio of peakarea of the affected sample comparedwith a control sample, is shown for 3 referenceprobes specific
for regions in no proximity to theDNAH5 locus and 11 probes specific to exons spanning the completeDNAH5 gene including start
and stop codons. The bar diagram shows that the relative peak areas for DNAH5-specific probes for both cases were nearly
one-half compared with the control, exhibiting Cri du chat segmental deletion of Chr. 5p includes DNAH5. C, An apparent hemi-
zygous (hem) mutation in affected (top) from case 2 and corresponding WT sequences in control (bottom) for exon 11 mutation
c.1427_1428delTT (p.Phe476Serfs*26).

- 2014 CLINICAL AND LABORATORY OBSERVATIONS
Commercial genetic testing for PCD is available, but the
polygenic nature of PCD makes genetic testing expensive,
and only 50%-60% of PCD mutations currently are de-
tected. In the past, the gold standard test for the diagnosis
of PCD was EM, to investigate ciliary ultrastructural
changes. However, up to 30% of patients with PCD may
have normal findings on EM studies.6 Nasal nitric oxide
measurement is a noninvasive, sensitive screening test for
PCD, but it is unavailable outside of research centers in
the US.11 High-speed videomicroscopy also is used as a
diagnostic test in a limited number of centers, and in
CdCS with DNAH5 mutations causing outer dynein arm
Cri du Chat Syndrome and Primary Ciliary Dyskinesia: A Commo
defects, one would expect largely immotile or severely
dysmotile ciliary motion.12 Current diagnostic strategies
often rely on several testing modalities to make a definitive
PCD diagnosis. If one suspects PCD in a patient with
CdCS, ciliary biopsy for EM looking for outer dynein arm
defects is a logical first step investigation, followed by
referral to a PCD center of excellence for confirmation.
Because hemizygous DNAH5 mutation with 5p alterations
from CdCS deletions in trans should be the most probable
genetic mechanism causing PCD in CdCS, targeted genetic
analysis of DNAH5 may help limit costs and invasive
biopsies.
n Genetic Cause on Chromosome 5p 3
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In conclusion, PCD and CdCS share a common genetic
link through mutations on chromosome 5p with hemizygous
DNAH5 gene mutations. Physicians who care for children
with CdCS should screen for clinical symptoms and organ
laterality defects. If PCD is suspected, screening including
nasal nitric oxide measurement, ciliary biopsy for EM anal-
ysis and high-speed videomicroscopy, and genetic tests are
suggested to confirm the diagnosis of PCD. Follow-up in a
specialized PCD center is highly recommended. n
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