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Key Clinical Message

Clinical features are variable in patients with Cornelia de Lange syndrome
(CdLS). Milder forms exist with structural maintenance of chromosomes 3
(SMC3) mutations. Inherited milder forms of CdLS are uncommon and may
be missed if genetic testing is limited to Nipped-B-like protein (NIPBL) and
SMCI1A. Parental studies should be pursued if there is a history of learning dis-

abilities and/or dysmorphic features.
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Introduction

Cornelia de Lange syndrome (CdLS) is a rare, multisys-
tem genetic disorder that presents with variable clinical
abnormalities including dysmorphic features,
growth retardation, global developmental delay, and intel-
lectual disability. Dysmorphic features include micro-
cephaly, high-arched eyebrows, hirsutism, synophrys,
ptosis, limb defects, and other congenital anomalies
(Table 1).

The prevalence of classical CdLS is estimated at
1:50,000-1:100,000, with milder cases believed to be
missed and remain undiagnosed [1, 2]. Five genes, to
date, have been identified as causative of CdLS including
NIPBL (Nipped-B-like protein), SMCIA (structural main-
tenance of chromosomes 1A), SMC3 (structural mainte-
nance of chromosomes 3), RAD21 (human homolog of
Schizosaccharomyces pombe radiation-sensitive mutant 21),
and HDACS (histone deacetylase 8) [3-9].

Mutations in the NIPBL gene account for ~60-80% of
cases of CALS with the latter four genes representing only
~6—10% of cases, often with a less typical presentation

severe
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[10]. Heterozygous mutations in the NIPBL, RAD21, and
SMC3 genes are transmitted in an autosomal dominant
pattern. Heterozygous or hemizygous mutations in the
SMCIA and HDACS genes are X-linked. The majority of
cases of CdLS are de novo (99%), with rare reports of
inherited CdLS within families, including the potential for
germline mosaicism [11, 12].

Several cases with the characteristic clinical features of
CdLS have recently been reported with mosaic mutations
in NIPBL. One report showed that 23% of cases of sus-
pected CdLS that had no mutation on blood DNA testing
had mosaicism on buccal cells [13]. Other causes of
mutation-negative CdLS have emerged with the increased
use of clinical exome sequencing, such as the identifica-
tion of mutations in the ANKDR11, KMT2A, and EP300
genes. In this report, we describe a novel SMC3 gene
duplication (c.1433_1435dup) in a child who presented
with failure to thrive, hypotonia, and facial dysmorphic
features of CdLS. The same duplication was subsequently
identified in the mother, who was noted to have milder
dysmorphic facies, learning disabilities, and depression.
To the best of our knowledge, this report represents the
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Table 1. Frequency of clinical features in SMC3.

E. Infante et al.

Frequency in Present in Present in
Body system Specific features SMC3 (%) patient 1 patient 2 Notes
Head Low anterior hairline 50 a a Patient 2 has two widow's peaks
Eyes Arched eyebrows 93 'a a
Synophrys 73 a a
Thick eyebrows 69 a a
Long eyelashes 94 a a
Hooding of lids 15 a
ENT Depressed nasal bridge 47 a
Low set ears 40 a
Anteverted nares 57 a
Broad nasal tip 86 a
Mouth Downturned corners of mouth 60 a
Small widely spaced teeth 22 NE a Patient 1 has not developed teeth yet
Micro/retrognathia 40 a a
Neck Short neck 46 a
Hands Small hands 79 a
Proximally set thumbs 75 a a
Fifth finger clinodactyly 64 a
Short fifth finger 69 a a
Feet Syndactyly of toes 29 a a
Cardiac Cardiac defects 56 a NE PFO and trivial atrial shunt
Gastrointestinal Infantile feeding problems 79 a
Ophthalmic Ptosis 27 a a
Myopia 45 NE a
Skin Cutis marmorata 31 a
Hirsutism 93 a
Neurologic Developmental delay 100 s s
Friendly, social personality 40 a a

V, feature present; NE, not evaluated.

first description of a mother to daughter transmission of
CdLS due to a duplication in the SMC3 gene.

Case Report

Patient 1 (Proband)

A 7-month-old female infant was referred to genetics
clinic for an evaluation of microcephaly, failure to thrive
(FIT), and dysmorphic features. The patient was born
at 38 weeks gestation to a 21-year-old mother with no
history of prior pregnancy who had a history of nausea
and preeclampsia throughout the pregnancy. She was
delivered via cesarean section with Apgar scores of 8
and 9 after 1 and 5 min respectively. Birthweight (BW)
was 2.24 kg, birth length was 47 cm. The patient was
admitted to the Neonatal Intensive Care Unit for
1 week due to hypothermia, feeding issues, and jaundice
which phototherapy. The patient
received feeds via a nasogastric tube for 1 week after
birth, then was discharged home, and followed by her
pediatrician.

resolved without
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Family history obtained from the maternal grand-
mother who was present during the visit in place of the
parents revealed that the mother resembled her child,
albeit less severe, and had a history of learning disabili-
ties.

On evaluation, the patient’s weight was 5.89 kg (1st
%), length was 62 cm (<Ist %), and occipitofrontal head
circumference (OFC) was 40.5 cm (2.8th %). The patient
had microcephaly with bitemporal narrowing of the fore-
head, hirsutism, arched thick eyebrows, synophrys, bilat-
eral epicanthal folds, long curly eyelashes, and mild
ptosis. Her nose appeared short and upturned, with a flat
nasal bridge. She also had a small oral cavity, high-arched
palate, and a small chin with mild retrognathia. Her limb
examination showed proximally placed thumbs, bilateral
fifth finger clinodactyly, small 4th and 5th metacarpals,
and mild 2nd and 3rd toes syndactyly. Table 1 includes
the physical features of the patient, and Figure 1A pro-
vides images of the patient.

Her neurological examination showed low generalized
muscle bulk and hypotonia. There was no evidence of tre-
mors or abnormal movements, and deep tendon reflexes
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(A)
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Figure 1. Facial characteristics and hand findings in proband (A) and mother (B).

were within normal limits. Developmentally, she sat inde-
pendently at 7 months.

On follow-up examination at the age of 14 months,
she was noted to have improved oral intake after feeding
therapy. Her weight increased to 8.2 kg (10%), length
measured 74 cm (15%), but OFC remained relatively
small at 43 cm (5%). A developmental assessment carried
out at that age showed she was advanced in her fine
motor skills at 21 months of age, but gross motor skills
were delayed at 11 months of age, and expressive lan-
guage was at 12 months of age. She was able to pull her-
self up to stand and walked with support while leaning
on the furniture. She began to walk independently by age
15 months.

Because the patient was not babbling, she was receiving
speech therapy through early intervention. Echocardio-
gram identified a trivial patent foramen oval, with a mild
atrial left to right shunt. Renal ultrasound was normal.
The differential diagnoses of CdLS include chromosomal
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defects such as partial duplication of 3q who have similar
dysmorphic features, FTT, and developmental delay.
However, a distinguishing feature of this disorder not
present in CdLS patients is normal birth weight. Deletions
of 231 lack facial features of CdALS but have similar limb
reduction anomalies. Both disorders and other copy num-
ber variants were excluded by performing a SNP microar-
ray. Fetal alcohol syndrome has some overlapping
features with CdLS; however, there was no history of
alcohol intake during pregnancy in the family history.
Other uncommon genetic conditions that share some
overlapping clinical features with CdLS involve
genetic mutations in TAF1 (X-linked), TAF6 (autosomal
recessive), and Bohring-Opitz syndrome (autosomal
dominant).

Due to the patient’s characteristic facial features, poor
growth parameters, feeding difficulties, microcephaly, and
hand findings, a Cornelia de Lange syndrome gene panel
(NIPBL, SMCI1A, SMC3, RAD21, HDACS) was completed.
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Patient 2 (The Mother)

The patient’s mother was 22 years old when evaluated in
genetics clinic. The maternal grandmother was present
during the visit and contributed to the history. The
grandmother mentioned that her daughter was born full
term, with BW of 3.17 kg. She had no history of failure
to thrive or other medical problems growing up. She
reached her motor milestones on time but had speech
delay for which she received speech therapy. Her hearing
was normal based on audiological testing in childhood.
The mother had learning disabilities in school that
required special education classes and additional support,
but was able to graduate from high school. No standard-
ized intelligence testing result was available to us. At the
age of 14 years, she was diagnosed and treated for signifi-
cant depression and anxiety that improved with therapy.
She has severe myopia for which she wears glasses. She
also has mild scoliosis and joint laxity. The mother lives
with the father of her child (proband) and works in a
local shop. She is functioning at an appropriate level to
live independently with some support from her family as
needed.

On physical examination, her weight was 95.25 kg and
height was 170.6 cm. She had hirsutism, a narrow fore-
head with synophrys, and long and curly eyelashes. She
had bilateral epicanthal folds, ptosis, and micrognathia.
Limb examination showed proximally placed thumbs,
bilateral fifth finger clinodactyly, small 4th and 5th meta-
carpals, and mild 2nd and 3rd toes syndactyly. The 5th
toes were bilaterally short. Neurological examination
showed normal cranial nerves, tone, and coordination.
There was no evidence of tremors or abnormal move-
ments, and her deep tendon reflexes were within normal
limits. Table 1 includes the physical features of the
patient, and Figure 1B provides images of the patient.
Kidney ultrasound was normal, and echocardiogram was
recommended but not completed.

Methods and Materials

The targeted next-generation sequencing (NGS)
approach was used based on SureSelect enrichment (Agi-
lent Technologies, Santa Clara, CA) followed by MiSeq
Mlumina NGS. SureSelect probes were designed following
Agilent’s recommendations to enrich all exons (including
10 bp of intronic sequence at either end of each exon)
of genes known to be associated with Cornelia de Lange
syndrome: NIPBL [NM_133433.3], SMCIA [NM_0
06306.2], SMC3 [NM_005445.3], RAD21 [NM_00
6265.2], and HDAC8 [NM_018486.2]. Enriched samples
were pooled and MiSeq sequenced. Indexes incorporated
during the posthybridization amplification were used to
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demultiplex the MiSeq data followed by alignment of
high-quality reads (Q > 30) to the reference genome
(hgl9) using Burrows-Wheeler Aligner (BWA). Data
quality was assessed using FastQC. Variants were called
using The Genome Analysis Toolkit (GATK) HaploType-
Caller V3.3 and assigned to the transcripts of interest.
Variants were then annotated in regard to their posi-
tions in transcripts of interest, position relative to the
coding sequence, consequence for the protein or mRNA,
and a collection of direct and indirect evidentiary tools
and databases including NCBI dbSNP, 1000 Genomes
Project, Exome Sequencing Project (ESP), GERP, Con-
seq, PolyPhen-2, SIFT, and the Human Gene Mutation
Database (HGMD). This assay was run as a clinical
molecular diagnostic test at The University of Chicago
Genetics Service Laboratory. The test includes complete
sequence analysis of all coding exons of the transcripts
listed above, plus 10 bp of flanking intronic sequence.
Gaps or regions of poor coverage in the NGS dataset
(<15x) are filled by Sanger sequencing. All pathogenic
and likely pathogenic variants were confirmed by Sanger
sequencing.

Array comparative genomic hybridization
(Array-CGH)

Deletion and duplication analyses of genes known to
be associated with Cornelia de Lange syndrome were
performed using a high-resolution, custom-designed, exon-
targeted 4x180K array-CGH platform (Agilent Technolo-
gies, Santa Clara, CA) containing oligonucleotide probes
spaced at an average distance of 100-250 bp in the coding
and noncoding regions of the NIPBL [NM_133433.3],
SMCIA [NM_006306.2], SMC3 [NM_005445.3], RAD2I
[NM_006265.2], and HDAC8 [NM_018486.2] genes.
Genomic DNA sample of the patient and gender-matched
control were processed and cohybridized onto microarray
slides according to Agilent’s recommended procedures.
Microarray images were scanned at 2 micron resolution,
and the data were extracted using ImaGene (9.0) and ana-
lyzed using the Nexus software (7.1) (BioDiscovery,
Hawthorne, CA). The genomic copy number was defined
by analysis of the normalized log, (Cy5/Cy3) ratio average
of the CGH signal. Regions that reached a threshold of at
least 0.32 were considered suspicious copy number losses
consistent with deletions. This genomic array-CGH was
developed, and its performance determined for the purpose
of identifying deletions and duplications within the coding
regions of the transcripts listed above at the University of
Chicago Genetics Service Laboratory. Multiplex ligation-
dependent probe amplification (MLPA) and/or quantita-
tive real-time PCR analysis were conducted to confirm
findings.

© 2017 The Authors.Clinical Case Reports published by John Wiley & Sons Ltd.
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Results

Mutation analysis of all coding exons and intron/exon
boundaries of NIPBL, SMCIA, SMC3, RAD21, and
HDACS8 by NGS was negative for mutations or variants.
Deletion/duplication analysis of all genes by array CGH
to identify copy number changes involving one or more
exons revealed a novel ¢.1433_1435dup in exon 15 of the
SMC3 gene in patient 1. Both parents had site-specific
genetic testing for the same molecular change identified
in the child. The results showed that only the mother
(patient 2) carried the SMC3 mutation.

Discussion

This case report confirms phenotypic variability among
patients and within families with CdLS. Milder cases
would be missed if molecular testing was only performed
on the NIPBL and SMCIA genes. The use of a CdLS
panel with multiple genes related to CdLS identified the
cause of our patient’s phenotype. We present a mother
and daughter with a novel duplication in the SMC3 gene.

Mutations in the SMC3 gene are believed to cause 1% of
cases of CdLS, and, to date, less than twenty other cases
have been described in the literature [5, 10]. A variety of
intragenic mutations in SMC3 have been reported, none of
which demonstrate a familial inheritance pattern and
most of which represent novel mutations within the gene.
One other known case of a duplication, ¢.859_861dup, has
been reported in exon 11 of the SMC3 gene [14]. Other
described mutations are either deletions of one or two resi-
dues of SMC3 or missense mutations [5, 14].

Individuals with SMC3 mutations typically have a
milder clinical phenotype than patients with classical
CdLS. In 2015, Gil-Rodriquez et al. described the pheno-
type of 16 individuals with SMC3 mutations. We present
herein clinical features of two more patients with a dupli-
cation in the SMC3 gene that has not been previously
reported. Most patients have dysmorphic features resem-
bling the typical CdLS facies, but they may be less notice-
able and rarely are absent. Major limb anomalies are
uncommon in individuals with SMC3 mutations; how-
ever, mild skeletal features frequently occur as described
in Table 1 [5, 14].

All cases with SMC3 mutations have some degree of
developmental delay and/or intellectual disability. Patient
1 had hypotonia, mild motor, and speech delays that
improved with interventional therapy, and she began walk-
ing independently at 15 months of age. This is in contrast
to many individuals with classical CdLS who have more
severe global developmental delay including lack of speech
and failure to ambulate on their own. Behavioral problems
are not typically reported in individuals with SMC3

© 2017 The Authors.Clinical Case Reports published by John Wiley & Sons Ltd.

AD Cornelia de Lange with SMC3 mutation

mutations, and many individuals are described as friendly
in nature [14]. Patient 2 developed incapacitating depres-
sion and anxiety in her teens, which improved after medi-
cal treatment for depression was started. Patient 2 also had
learning disabilities throughout school and currently lives
independently with patient 1, and her child’s father. She
works at a local shop and requires occasional assistance
from her family members.

In summary, patient 2, an adult with CdLS due to an
SMC3 mutation, had learning disabilities, obesity, history
of depression and anxiety, significant myopia, and scolio-
sis. There is limited literature on adults with CdLS due to
SMC3 mutations. Kline et al. [15] and Mariani et al. [16]
have described clinical features found in two separate
adolescent and adult CdLS cohorts. Neither of the two
reports indicates clinical features in adults with SMC3
mutations specifically. Both groups identify gastrointesti-
nal reflux (GERD) as the main medical problem affecting
adults with CdLS. Other medical issues affecting the adult
population with CdLS include obesity, constipation, lower
limb length discrepancy, scoliosis, epilepsy, hearing and
vision issues, and psychiatric and behavioral problems.
The psychiatric and behavioral diagnoses often worsen
with age, including self-injury, anxiety, ADHD, autistic
features, depression, and obsessive compulsion disorder.
Patients also develop premature aging, with early gray
hair [15].

Medical management guidelines have been proposed
for adolescents and adults with CdLS, including periodic
weight checks and BMI calculation, evaluation for GERD,
biennial screening with hemoglobin level, iron studies,
and renal function testing, yearly ophthalmologic and
orthodontic evaluation, and orthopedic and audiology
evaluations as needed [16].

Autism is reported in 65% of patients with CdLS, with
a higher prevalence among individuals with more severe
classic phenotypes than in those with mild to moderate
phenotypes [17]. Nakanishi et al. [18] found that 43% of
patients with mild to moderate CdLS had autistic fea-
tures; however, none of the patients within the cohort
had an identified SMC3 mutation. There is evidence that
autistic features in CdLS are phenotypically different in
comparison to patients with idiopathic isolated autism.
Autistic patients with CdLS have significantly less repeti-
tive sensory behavior, better eye contact, more gestures,
and less stereotyped speech. However, patients with CdLS
showed a higher level of anxiety and self-injury with
impulsive behavior [17, 19].

Historical reports of atypical CdLS due to SMC3,
RAD21, and HDAC8 mutations describe a phenotype
without major congenital anomalies [20]. However, 56%
of patients with SMC3 mutations reportedly had congeni-
tal cardiac defects, including PDA, ASD, VSD, pulmonic
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stenosis, and pulmonary artery dysplasia. Patient 1 had
mild cardiac findings on echocardiogram in the form of
patent foramen ovale and trivial atrial shunt. Genitouri-
nary defects have been seen in 40% of patients in the
form of cryptorchidism, inguinal hernia, and hypoplastic
genitalia. Both patient 1 and patient 2 had normal renal
ultrasounds and genital examination. Lastly, 36% have
CNS anomalies identified by brain MRI, and twenty-five
percent experience seizures [14]. The frequencies of these
anomalies warrant newly diagnosed cases of SMC3-related
CdLS to have baseline clinical evaluations to assess for
these features, which may include echocardiogram, renal
ultrasound, and brain MRI when indicated. Neither of
our patients had a history of epilepsy or clinical signs of
brain anomalies warranting imaging studies at the time of
the visit.

Conclusion

In summary, we describe an autosomal dominant form of
CdLS due to a novel duplication in the SMC3 gene in a
mother and child. Due to clinical variability of the pheno-
type within the same family, the mother who had milder
features was not diagnosed until her child’s genetic muta-
tion was identified. The possibility of a higher incidence
of inherited forms of CdLS than previously suspected
exists and parental studies should be pursued if a history
of developmental delays, learning disabilities, congenital
anomalies, or dysmorphic features are present. Milder
cases with SMC3 mutations may be missed if only the
classical NIPBL and SMCIA genes are evaluated. This can
be avoided by use of next-generation sequencing panels,
which include genes known to be associated with the
CdLS phenotype. Additionally, atypical cases of CdLS or
CdLS-like conditions may emerge with the increased use
of whole-exome sequencing. This case report is useful for
future case series studies of CdLS due to SMC3 mutations
in both children and adults, as well as for genotype—phe-
notype correlation studies.
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