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Catel–Manzke syndrome is a rare autosomal recessive disorder characterized by Pierre Robin sequence with
hyperphalangy and clinodactyly of the index finger. Recently, homozygous or compound heterozygous patho-
genic variants in TGDS have been discovered to cause Catel–Manzke syndrome. Here, we describe a 12-month-
old male with molecularly confirmed Catel–Manzke syndrome who presented with Pierre Robin sequence
(but without cleft palate) and hyperphalangy, and we compare his phenotype with the seven previously de-
scribed patients with pathogenic variants in TGDS. Our patient is on the severe end of the phenotypic spectrum,
presenting with respiratory complications and failure to thrive. Furthermore, our finding of a homozygous
p.Ala100Ser pathogenic variant in our patient supports that it is a commonmutation in Catel–Manzke syndrome.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Catel–Manzke syndrome (MIM: 616145) is a rare genetic disorder
characterized by Pierre Robin sequence with hyperphalangy and
clinodactyly of the index finger [1,2]. Affected individuals typically pres-
ent with the classic features of Pierre Robin sequence including
micrognathia, airway obstruction secondary to displacement of the
tongue base, and often, cleft palate. The orthopedic abnormalities are
the result of an accessory bone between the second metacarpal and
proximal phalanx that causes radial deviation of the second digit
(Manzke dysostosis). Cardiac abnormalities, facial dysmorphisms, and
additional skeletal abnormalities have also been described in a subset
of patients with Catel–Manzke syndrome [3–5].

Until recently, the genetic basis of Catel–Manzke syndromewas un-
known, although inheritance appeared to be autosomal recessive [4,6].
Ehmke et al. recently implicated homozygous or compound heterozy-
gous pathogenic variants in TGDS (dTDP-D-glucose 4,6-dehydratase)
as the causative factor in a series of seven unrelated patients with fea-
tures of Catel–Manzke syndrome [3]. Of the seven unrelated patients re-
ported, c.298GNT (p.Ala100Ser) was the most common pathogenic
variant and was hypothesized to be a founder mutation [3]. TGDS en-
codes a member of the short-chain dehydrogenase/reductase (SDR)
family; however the specific function of the protein in humans is un-
known [3].
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In the present report, we describe an additional patient with molec-
ularly confirmed Catel–Manzke syndrome who has Pierre Robin se-
quence (without cleft palate) and Manzke dysostosis, and we compare
his phenotype with the phenotype of the seven previously described
patients with pathogenic variants in TGDS [3]. His clinical presentation
was characterized by obstructive respiratory abnormalities and pharyn-
geal dysphagia. He required tracheostomy for severe airway hypotonia
with pharyngomalacia and laryngomalacia, and gastrostomy tube
placement for failure to thrive likely secondary to his pharyngeal dys-
phagia and airway obstruction. His severe presentation underlies the
marked clinical variability associated with TGDSmutations.

2. Case report

The probandwas born at 38 4/7 weeks of gestation via spontaneous
vaginal deliverywithout complications to a 29 year-old female. Prenatal
ultrasounds had been normal. The mother had a history of three prior
first-trimester spontaneous abortions and one healthy son with the
same partner. No prior genetic workup had been performed for the
spontaneous abortions, and the cause for these spontaneous abortions
was unknown. Family history was otherwise non-contributory. The fa-
ther is of German ancestry, and the mother is of Czech ancestry. There
is no known consanguinity. His postnatal course was complicated by
significant failure to thrive noted as early as three weeks of age. His fail-
ure to thrive persisted despite increased caloric density and feeding
therapy, and at two months of age, his weight Z score was −8.22
(WHO growth chart). A modified barium swallow showed pharyngeal
dysphagia, and he was noted to have significant fatigue with feeding.
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Thus, a gastrostomy tube was placed by 2.5 months of age. He was also
diagnosed with gastroesophageal reflux.

During an admission for failure to thrive, stridor and desaturations to
85% were noted. He was diagnosed with severe pharyngomalacia and
laryngomalacia by otolaryngology, and a supraglottoplasty was per-
formed. By six months of age, he was diagnosed with mixed sleep
apnea and respiratory insufficiency due to airway hypotonia and oro-
pharyngeal weakness. These respiratory issues were suspected to con-
tribute to his feeding difficulties and failure to thrive. Tracheostomy
was ultimately placed at seven months of age, and he required noctur-
nal ventilator use. He also underwentmyringotomy and tympanostomy
for recurrent ear infections. By eight months of age, a repeat modified
barium swallow still showed pharyngeal dysphagia, but his fatigue
with oral feedings appeared to be improved. In addition, by this time,
his weight gain slowly began to improve.

At his most recent exam at 12months of age, his weight was 8.42 kg
(Z score = −1.22, WHO growth chart), his length was 72.4 cm (Z
score = −1.36, WHO growth chart), and his head circumference was
45.9 cm (Z score = −0.13, WHO growth chart). He was using the
gastrostomy tube for themajority of his caloric intake butwas tolerating
small amounts of oral feeds. Hewas noted to have prominent overriding
sutures, a tubular-appearing nose with high nasal bridge and pinched
nares, retrognathia, high and narrow arched palate with small groove
of the posterior soft palate, and ankyloglossia (Fig. 1). He had mild
swelling of the eyelids with proptosis but no ptosis. His fingers and
toes appeared long, and his index fingers were deviated and overlap-
ping. A mild pectus deformity was noted.

On hand radiographs, the second proximal phalanges appeared hy-
poplastic with an accessory bone located at the base of the second
digit, and there was medial deviation of the distal second digits (Fig.
1). Lateral view of the spine demonstrated anterior beaking of the L2
and L3 vertebral bodies. No other abnormalities were noted on skeletal
survey. Echocardiogram at three months of age showed a small patent
foramen ovale and a small patent ductus arteriosus, both with left to
rightflowandboth ofwhich resolved by sixmonths of age. Neurological
exam and brain MRI were normal. Routine chromosome analysis, com-
parative genomic hybridization microarray (Affymetrix Cytoscan HD
Microarray System, Scott and White Healthcare Molecular Genetics
Fig. 1. Photograph and handX-ray. A. Photograph of proband showing facial features. B. Right ha
base of the second finger medially. There is also radial deviation of the index finger. C. Sanger s
mutation and that parents are both heterozygous for this mutation.
Laboratories), very long chain fatty acids (Peroxisomal Diseases Labora-
tory, Kennedy Krieger Institute), and lysosomal storage panels (Lyso-
somal Diseases Testing Laboratory, Thomas Jefferson University) were
also normal.

3. Materials and methods

3.1. Clinical study

The proband and both parents were enrolled in our skeletal dyspla-
sia study according to the Baylor College of Medicine's Institutional Re-
view Board. Informed consent was obtained specifically for molecular
studies and for the publication of clinical information and photographs.

3.2. Sanger sequencing

DNAwas extracted fromperipheral bloodmonocytes and precipitat-
ed for polymerase chain reaction and Sanger sequencing. Polymerase
chain reaction was performed using primers designed to cover the en-
tire coding region of TGDS (Supplemental Table 1) with an annealing
temperature of 55 °C. Products were verified by agarose gel electropho-
resis and then sequenced by chain-termination (Sanger) sequencing
using the same primers at Beckman Coulter Genomics (Danvers, MA).

4. Results

Sanger sequencing revealed that the probandwas apparently homo-
zygous for the c.298GNT (p.Ala100Ser) pathogenic variant, the most
common pathogenic variant identified by Ehmke et al. [3]. Sanger se-
quencing of DNA samples from the parents revealed that both parents
are heterozygous for this variant and thus, confirmed that the patient
is homozygous (Fig. 1).

5. Conclusions

To date, this report is only the second publication describing molec-
ularly confirmed Catel–Manzke syndrome, and our patient is only the
eighth reported patient. We compared our patient's features with the
nd radiograph shows amildly hypoplastic proximal phalanxwith an additional bone at the
equencing demonstrates that the proband is homozygous for the c.298GNT (p.Ala100Ser)



Table 1
Phenotypic features of patients with homozygous or compound heterozygous mutations
in TGDS.

Feature Current patient Previous patients [2–4,7,8]

Pierre Robin sequence + 7/7
Cleft palate − 6/7
High-arched palate without cleft + 1/7
Tracheostomy + 1/7
Manzke dysostosis + 7/7
Joint hypermobility Not reported 2/7⁎

Pectus deformity + 1/7
Congenital heart defect + (PDA) 2/7 (VSD)
Facial dysmorphism + 5/7⁎⁎

Narrow nose or nostrils + 2/7
Proptosis + 1/7
Low set ears − 3/7
Thin or arched eyebrows − 4/7
Round face or full cheeks + 3/7
Hypertelorism − 3/7
Postnatal growth retardation + 2/7⁎⁎

⁎ Not reported in 5/7 patients.
⁎⁎ Not reported in 2/7 patients.

91R. Pferdehirt et al. / Molecular Genetics and Metabolism Reports 4 (2015) 89–91
features of the seven previously reported patients in the original manu-
script describing pathogenic variants in TGDS as the cause for Catel–
Manzke syndrome (Table 1) [3,4,7,8]. Our patient has Pierre Robin se-
quence and Manzke dysostosis, the two classic features of Catel–
Manzke syndrome. In addition, he had aminor congenital cardiac defect
that resolved and facial features (narrow nose, full cheeks) that have
been described in a subset of the previously reported patients [3,4]. No-
tably, he did not have a cleft palate, a feature seen in six of the seven
other molecularly confirmed patients [3].

Our patient's respiratory complications place him on the more se-
vere endof the spectrumof reported patients. He requiredmultiple pro-
cedures including supraglottoplasty and eventual tracheostomy
placement with nocturnal ventilator support. In addition, he had signif-
icant failure to thrive requiring hospital admission, supplemental calo-
ries and gastrostomy tube placement. Although postnatal growth
failure was noted in two of the seven previously reported patients,
only one of these two patients was reported to require tube feedings
[3,4]. Although it is unclear if early postnatal growth issues and failure
to thrive are primary features of Catel–Manzke syndrome, we suspect
that our patient's failure to thrivewas secondary to his severe complica-
tions from Pierre Robin sequence because weight gain improved with
both gastrostomy and tracheostomy in place. Significant feeding diffi-
culties and failure to thrive are common complications in patients
with Pierre Robin sequence [9].

TGDS encodes dTDP-D-glucose 4,6-dehydratase/growth-inhibiting
protein 21, a protein whose function remains unknown although it
has been hypothesized to play a role in proteoglycan metabolism [3].
The finding of the c.298GNT (p.Ala100Ser, rs140430952) pathogenic
variant in our patient supports the hypothesis of Ehmke et al. that this
is the most common pathogenic variant associated with Catel–Manzke
syndrome [3]. Taken together, the eight reported patients with patho-
genic variants in TGDS have the c.298GNT variant at an allele frequency
of 68.75%. Prior work has suggested that this variant is harbored on a
50 KB haplotype and thus suggests a common founder mutation,
found primarily in the European population [3]. Our patient is of
mixed European ancestry and previously described patients with this
mutation were of German, French, Dutch and British/South American
ancestry. A search of the ExAC database reveals that this variant has
been observed 37 times in 121,256 alleles (allele frequency of 0.0003)
in the heterozygous state [10]. In addition to individuals reporting
European ethnicity, the variant has also been observed in two individ-
uals with African ethnicity, and one individual with ethnicity described
as “other” [10]. The amino acid substitution is present in the predicted
NAD binding domain, and it is suggested that the mechanism is loss of
function [3]. The absence of individuals with this variant in the homozy-
gous state in the ExAC database provides further evidence of the patho-
genicity [10].

Overall, we describe the eighth patient with molecularly confirmed
Catel–Manzke syndrome. Our patient is on the severe end of the spec-
trum of previously reported patients with respiratory complications
and failure to thrive requiring gastrostomy tube placement, supplemen-
tal calories, and tracheostomy but without cleft palate. Our finding of a
homozygous p.Ala100Ser variant in TGDS in our patient supports that
this is a common mutation in Catel–Manzke syndrome, and his pheno-
typic presentation underlies the severe respiratory and growth compli-
cations that can occur in association with Pierre Robin sequence in this
disorder.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ymgmr.2015.08.003.
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