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Introduction

Roberts syndrome (RS) (OMIM #268300) is a rare autosomal
recessive genetic disorder, named after the report by John
Roberts in 1919.1–4 There are earlier reports, however, in 1671
and 1737, which presented characteristics suggestive of RS.5,6

Herrmann et al also used, in 1969, the term “SC Phocomelia
syndrome” or “thalidomide-like syndrome” (due to similarity
of the clinical findings observed in patients exposed to thalid-
omide during pregnancy) in the description of two European
families with clinical findings similar to RS.7–10

Tomkins et al in 1979 described a cytogenetic alteration
involving the centromere, which affected most of the chro-
mosomes of RS patients, that was later called “premature

separation of the centromere” by James German.11,12 Fur-
thermore, it was found that individuals with RS exhibit a lack
of cohesion involving the heterochromatic region of some
chromosomes, those around the centromere and in the distal
portion of the Y chromosome long arm (called heterochro-
matin repulsion [HR]). Currently, it is known that RS is
caused by biallelic variants in the ESCO2 gene.3

Around 150 cases of RS have been described in the litera-
ture.13 The condition is characterized by a broad range of
clinical findings with variable expressivity, such as growth
retardation (of pre- and postnatal onsets), craniofacial abnor-
malities (such as microcephaly and cleft palate), symmetrical
limb reduction (tetraphocomelia), and varying degrees of
intellectual disability.1,3,5,14 The prognosis of RS is generally
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Abstract Roberts syndrome is a rare autosomal recessive genetic disease. In this report, we
report a Brazilian patient with a rare ESCO2 variant. The patient manifested a broad
range of clinical findings including the significant, bilateral shortening of the extremi-
ties. He deteriorated and passed away at 20 days of age. High-resolution GTG-banded
karyotype showed lack of centromeric constriction in some chromosomes, premature
centromere separation in others, and repulsion of the heterochromatin regions.
Molecular analysis of the ESCO2 gene revealed a deletion of 4 bp involving exon 4 in
homozygosity (NM_00107420.2:c.875_878delACAG), which causes loss of ESCO2
function. We describe the clinical presentation caused by a rare ESCO2 variant.
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poor, and survival usually does not exceed the neonatal
period.15

Here, we report a patient with a rare ESCO2 variant.

Case Report

The patient was the first son of a young, healthy Caucasian
couple, not known to be related to each other. There was no
similar case in his family. The pregnancy was uneventful. A
fetal ultrasound performed in the fifth month of gestation
indicated a probable cleft lip and palate, and shortened long
bones. The child was born at term by Cesarean section
weighing 1,570 g, measuring 34 cm, with head circumfer-
ence of 26 cm, and Apgar scores of 9 and 10 in the first and
fifth minutes, respectively.

Physical examination on the second dayof life evidenced a
wide anterior fontanelle (extended from the base of frontal
bone to the superior occipital region); orbital hypertelorism;
blepharophimosis; shallow orbits with exophthalmos; a
central facial cleft involving the nose, lip, and palate with
the presence of a nasal rudiment; and small, low-set, and
posteriorly rotated ears. The extremities exhibited dramatic
bilateral shortening of humerus and apparent bilateral ab-
sence of forearms with small hands, absence of the left
thumb, and presence of an appendicular thumb on the right.
Hehad bilateral shortening of thighs and legs, with restricted
knee movement, syndactyly between fourth and fifth toes.
Hypertrichosis was noted in the sacral regions and thighs, as
well as a hypertonic posture with neck extension. He had
normal male genitalia (►Fig. 1).

Radiographic evaluation revealed the presence of marked
deformity of the skull with reduction of its anteroposterior
diameter; eleven ribs; shortened and deformed humerus;
absent radius; right hand presenting two metacarpal bones
with normal appearance, two fused metacarpals and four
fingers with phalanges; left hand with three metacarpal bones

and four fingers with phalanges; femurs were bent, and tibia
and fíbulawere absent bilaterally (►Fig. 2). Brain and abdomi-
nal ultrasound examinationswere normal. Cardiological evalu-
ation showed interventricular communication and tricuspid
regurgitation. The patient was deteriorated and died at 20 days
of age.

High-resolution GTG-banded karyotype made with pe-
ripheral lymphocytes showed a male chromosomal consti-
tution (46,XY). There was also lack of centromeric
constriction in some chromosomes, premature centromere
separation (PCS) in others, and regions of HR (most evident
on chromosomes 1, 9, 16, and Y). The total number of scored
cells was 32. The percentage displaying PCS/HR phenotype
was 100%, and the number of chromosomes with PCS/HR
per cell was 8 (►Fig. 3). Molecular analysis from DNA
extracted from peripheral blood of the patient through
sequencing of all 10 coding exons and splice junctions of
the ESCO2 gene using BigDye Terminator chemistry and an
ABI 3100 sequencer (Applied Biosystems, Foster City, Cal-
ifornia, United States) revealed a deletion of 4 bp involving
exon 4 in homozygosity (NM_001017420.2:c.875_878delA-
CAG, rs80359856) (►Fig. 4). Both parents were heterozy-
gotes for this variant. This variant causes a frameshift and
premature stop codon. Because of nonsense-mediated de-
cay of the mutant mRNA, the predicted truncated protein p.
(Asp292Glufs) is unlikely to be produced in significant
quantities. A subsequent pregnancy of this couple was
monitored, and the fetus was found to be homozygous for
the normal allele (►Fig. 4). No other family members were
tested for this variant.

Discussion

In our literature review in MEDLINE, we found only one
Brazilian study involving individuals with RS. Barbosa et al
evaluated the replication patterns of homologous alphoid

Fig. 1 Patient at 2 days of age. Note orbital hypertelorism and facial cleft involving the nose, lip, and palate with the presence of a nasal rudiment
(A); small, low-set, and posteriorly rotated ears; drastic shortening of the arm and forearm along with small hands with absence of thumb on the
left side and presence of an appendicular thumb on the right, and remarkable shortening of thighs and legs (B).
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centromeric DNA of chromosomes 9, 11, 16, and 17 using
fluorescence in situ hybridization analysis. They analyzed
three patients. However, there was no description of their
clinical features.15 Searching other databases from Latin
America, we verified the presence of three studies, one from
Brazil and the other two from Cuba and Venezuela. This
Brazilian study by Gollop et al claimed that it was the first
case of RS described in Brazil.16 The diagnosis was made by
fetal ultrasound during pregnancy and was based on the
findings of tetraphocomelia, marked retromicrognathia with-
out lip–palatine fissures or premaxillary protrusions. These
findings were confirmed later by autopsy. In both reports,
there was no description of additional genetic evaluations, as
the gene for RSwas discovered only years later. Therefore, our
case represents the first molecularly confirmed case of RS in
Brazil.

Our patient also presented abnormalities identified
through karyotype analysis that consisted of lack of centro-
meric constriction in some chromosomes, PCS in others, and

Fig. 3 High-resolution GTG-banded karyotype revealing lack of
centromeric constriction in some chromosomes, premature centro-
mere separation in others, and repulsion of the heterochromatin
regions (see red arrows).

Fig. 2 Radiographic evaluation showing 11 ribs and shortened and deformed humerus (A); marked deformity of the skull with reduction of its
anteroposterior diameter (B), and femur bending, with absence of tibia and fibula (C).
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repulsion of heterochromatin regions. These are considered
pathognomonic findings for the diagnosis of RS.2 These
cytogenetic findings are described in 79.1% of the patients
with RS.3 Studies have suggested that the lack of fusion of
heterochromatin in RS would be caused by the variant in
ESCO2. This ensures that the cohesin ring around the sister
chromatids establishes cohesion during the S phase of repli-
cation along with ESCO1.2,3,10,16–19

As for prenatal diagnosis, we observed, in our case, the
ultrasonographic description in the fifth month of gestation
of a probable cleft lip and palate. Moreover, shortening of the
long bones was evident. Literature reports of prenatal diag-
nosis of RS most frequently describe reduced fetal move-
ments, restriction of fetal growth, and shortening of the long
bones.2,5,9,12,18,20–22 In the case of prenatal diagnosis
reported byGollop et al, thosefindingswere observed during
a standard ultrasound at 21 weeks of gestation.23

The clinicalmanifestations observed in our patient did not
differ from the majority of RS cases described in the litera-
ture with RS (►Table 1).22 This suggests that RS is not
clinically variable. Few patients with RS also survive for
more than 1month, which is compatible with the clinical
evolution observed in our case.22

The ESCO2 variant identified in our patient was described
once before by Gordillo et al in a French family, although no
clinical data were provided. This variant is not reported in
the Genome Aggregation Database (gnomAD).24 In ClinVar, it
is described once.25 In the Exome Aggregation Consortium
(ExAC), the variant allele was also reported only once, in the
Asian population (minor allele frequency: 8.299e-06).26

According to the College of Medical Genetics and Genomics
and the Association for Molecular Pathology Standards and

Fig. 4 Family tree with DNA sequence tracings of the reverse strand. Both parents are heterozygous for the deletion. The proband is
homozygous for the c.875_878delACAG deletion. A subsequent pregnancy was monitored prenatally, and the fetus was homozygous for the
normal allele (identical to the reference sequence shown).

Table 1 Clinical features of Roberts syndrome described in the
literature in comparison with our patient (based on Van Den Berg
and Francke22)

Clinical features Literature
%

Our patient

Consanguinity 40.8 �
Sex 54 M/39 F/7 U M

Neurological

Mental retardation 79.4 X

Growth retardation 97.5 þ
Craniofacial anomalies

Microcephaly 80.4

Hemangioma 29

Exophthalmia/
prominent eyes

69.4 þ

Hypertelorism 86.7 þ
Cloudy cornea 68.1

Hypoplastic
nostrils

32

Cleft palate 60.6 þ
Cleft lip 49 þ
Highly arched
palate

16

Prominent maxilla 30

Micrognathia 13

Abnormal ears 75.9 þ
(Continued)
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Guidelines, the variant was classified as pathogenic based on
the following criteria: causing a frameshift of extremely low
frequency in ExAC and not described in the 1000 Genomes
project; the protein length changes (normal protein: 602 aa;
mutated protein: 339 aa); and other support computational
evidences that the variant is deleterious, and it has a rela-
tionship with the observed phenotype.27

Thus, the variant found in our patient is considered a rare
ESCO2variant,whosephenotypewasnot previouslydescribed.
This variant causes loss of function of ESCO2, and the clinical
findings and clinical course of our patient were typical for RS
cases. This represents thefirst Brazilian report of a patientwith
RS describing his clinical features.
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Table 1 (Continued)

Clinical features Literature
%

Our patient

Limb anomalies

Phocomelia 100 þ
Ulnar aplasia 96.5 þ
Radial aplasia 97.8 þ
Femoral aplasia 64.9

Tibial aplasia 74.1 þ
Fibular aplasia 80.5 þ
Leg bone synostosis 7

Syndactyly 42.5 þ
Flexion contractures 51 þ

Other anomalies

Heart defects 13 þ
Kidney anomalies 50

Enlarged phallus 53.2 þ
Cryptorchidism 51.2

Abbreviations: F, female; M, male; U, undetermined sex; X, unknown.
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