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Abstract

prenatal findings of arthrogryposis and cataract.

possible genetic testing in case of these findings.

Background: Cerebro-oculo-facio-skeletal syndrome (COFS) is a severe and progressive neurologic condition char-
acterized by prenatal onset of arthrogryposis, cataract, microcephaly and growth failure. The aim of this study was
to present a case of recurrence of the COFS syndrome and to propose a differential diagnosis flow-chart in case of

Case presentation: We report a case of recurrence of COFS3 syndrome within the same family, with similar diag-
nostic features. In the first case the COFS syndrome remained undiagnosed, while in the second case, due to prenatal
findings of arthrogryposis and cataract, genetic investigation focusing on responsible genes of COFS (ERCC5, ERCC6
and FKTN genes) was carried out. The fetus was found to be compound heterozygous for two different ERCC5 muta-
tions, confirming the clinical suspect of COFS syndrome. A review of the literature on possible causative genes of
prenatal cataract and arthrogryposis was performed and we present a flow-chart to guide differential diagnosis and

Conclusion: COFS syndrome is a rare autosomic recessive condition. However, it can be suspected and diagnosed
prenatally. The flow-chart illustrates a pathway to guide differential diagnosis according to the prenatal findings. Main
syndromes, key testing and specific genes are included. Targeted molecular testing should be offered to the couple in
order to reach a diagnosis and assess the recurrence risk for future pregnancies.

Keywords: COFS3, ERCC5 gene, Arthrogryposis, Fetal growth restriction, Case report

Background

Cerebro-oculo-facio-skeletal (COFS) syndrome is the
extreme expression of Cockayne syndrome with prenatal
manifestations. Typical clinical picture of COFS includes
congenital microcephaly, cataract, microphthalmia,
arthrogryposis, severe prenatal and postnatal growth
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failure, axial hypotonia, sensorineural deafness and facial
dysmorphisms with prominent nasal root and/or over-
hanging upper lip. COFS can cause intrauterine fetal
death or, alternatively, severe psychomotor retardation
is constant and death usually occurs in the first months/
years of life [1, 2].

COEFS is a rare genetic disorder, although the real
incidence is unknown, with an autosomal recessive
inheritance pattern and it is caused by mutations in dif-
ferent genes encoding components of the machinery of
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nucleotide excision repair (NER), a DNA repair mecha-
nism [1, 3].

At the moment, four different genes are known to
cause COFS syndrome: ERCC6 (COFS1, MIM #214150),
ERCC2 (COFS2, MIM #610756), ERCC5 (COFS3, MIM
#616570), and ERCC1 (COFS4, MIM #610758) [3, 4].
Biallelic mutations in ERCCS5 gene are responsible for
the type 3 of the syndrome, also known as COFS3. The
ERCCS gene codifies for a structure-specific endonu-
clease required for making the 3-prime incision during
DNA nucleotide excision repair and, therefore, contrib-
utes to eliminate a broad spectrum of structural DNA
lesions [5]. Biallelic mutations in this gene have been
associated with different phenotypes from xeroderma
pigmentosum (XPG), where manifestations are largely
restricted to the skin, to trichothiodystrophy, Cockayne
syndrome and the more severe, early-onset COFS3 [6].

Case presentation

We report a case of recurrence of COFS3 syndrome
within the same family with similar diagnostic features.
Parents were healthy, young (<30 years) and coming
from different countries. Consanguinity was therefore
excluded. No cases of congenital malformations or recur-
rent diseases were present in their families.

Case 1 The first pregnancy, followed-up in another
hospital, was conceived spontaneously and was
reported to be uneventful for the first 5 months until
the diagnosis of fetal growth restriction (FGR) due
to fetal biometry below the 3rd centile, and ventric-
ulomegaly confirmed by fetal magnetic resonance
imaging (MRI). A cesarean section was performed
at 31 weeks’ gestation due to severe FGR. At birth,
a female baby weighted 930 g (< 3rd centile), was
33 cm (<< 3rd centile) in length and with a head
circumference of 27.5 c¢cm (3rd-10th centile). The
APGAR score was 7/8/8 at the 1/, 5" and 10’ min of
life, respectively. The physical examination showed
some peculiar facial dysmorphisms, including micro-
phthalmia, high nasal root and micrognathia. She
presented with congenital generalized arthrogrypo-
sis with multiples contractures and hypertonia. The
baby needed oxygen supplementation for respira-
tory distress and was then admitted to the Neonatal
Intensive Care Unit. The neonatal MRI confirmed
the ventriculomegaly and detected a hypoplastic cer-
ebellar vermis. In addition, there was a cataract in the
right eye, while fundus oculi were bilaterally normal.
Abdominal ultrasound showed hyperechogenic kid-
neys. The electrocardiogram and the echocardiogram
were normal with a physiologically patent foramen
ovale. She presented with feeding difficulties, requir-
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ing positioning of a feeding-tube. Severe failure to
thrive was due to worsening of general condition. She
died because of superimposed kidney failure and pul-
monary haemorrhage at 2 months of life. The family
refused autopsy. Postnatal conventional karyotype
and array comparative genomic hybridization (array-
CGH) were performed on the proband and resulted
both negative. No specific diagnosis was made, and
the case was concluded as a likely rare syndrome of
unknown origin. A second pregnancy of the couple
resulted in a healthy live born male child.

Case 2 A third pregnancy was spontaneously con-
ceived some years later. The first trimester scan was
normal, with a nuchal translucency of 1.2 mm and a
low risk for major aneuploidies at combined test. At
16 weeks, fetal biometry and anatomy were normal.
The couple was referred to our hospital at 21 weeks
because of the recurrence of FGR. At ultrasound
examination FGR was confirmed and multiple mor-
phological abnormalities, similar to those of the
first deceased baby, were reported: the hands were
clenched during the whole time of the examination
with abducted fingers (Fig. 1a); there was a right
rocker-bottom foot with plantar edema (Fig. 1b);
both superior and inferior limbs were constantly
extended with no evidence of flexion-extension at
joints; the lenses were bilaterally hyperechoic, sug-
gestive for cataract, and the orbital diameter was
bilaterally below the 5th centile (Fig. 1c); slight ret-
rognathia and low implantation of the ears were
also reported (Fig. 1d). A multidisciplinary counsel-
ling was performed during which the parents were
informed regarding the poor prognosis; the likeli-
hood of a hereditary condition and the possibility
of a COFS syndrome were hypothesized. The amni-
ocentesis was performed. As first-tier genetic test,
we performed a single nucleotide polymorphism
(SNP’s) array analysis (ILLUMINA Express Exome
arrays) and metabolic investigations, including the
measurement of 7-dehydrocholesterol, in order to
detect any chromosomal molecular abnormality
and to exclude the Smith—Lemli-Opitz Syndrome
(SLOS).

The couple elected for a termination of pregnancy.
The fetus underwent an external macroscopic exami-
nation followed by an autopsy: prenatal findings were
confirmed, and absent palmar and plantar creases were
detected (Fig. 2a, b). Post-mortem radiological investiga-
tions (skeletal X-ray, total body computed tomography
(CT) and MRI) were performed: X-ray confirmed the
contracture of the upper and lower limbs (Fig. 2c), and no
additional findings were encountered.
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Fig. 1 The figure represents the prenatal findings at 2D and 3D ultrasound of Case 2: a clenched hand with abducted fingers; b rockerbottom foot
with plantar edema; ¢ bilateral microphthalmia with cataracts; and d micrognathia and low-set ears

Fig. 2 The figure shows the fetal external examination: a upper and lower limb abduction; b thumbs adduction; and ¢ radiological post-mortem
findings
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The SNP’s array analysis and metabolic investiga-
tions resulted negative. Due to the prenatal findings,
a COFS syndrome was suspected and further genetic
investigation focusing on responsible genes were car-
ried out: ERCC5, ERCC6 and FKTN genes (candidate
genes included in the ILLUMINA Trusightone Clinical
Exome Sequencing panel). The analysis of ERCC5 gene
(NM_000123.3) revealed the presence of two mutations
in compound heterozygosity (confirmed by the segrega-
tion in the parents): c.1096C>T (p.Arg366*) on the pater-
nal allele and ¢.2269C>T (p.GIn757*) on the maternal
allele. Both mutations result in a premature stop codon,
and in a truncated and likely nonfunctional protein prod-
uct, confirming the clinical suspicion of COFS3.

Discussion and conclusions

The present literature on the prenatal diagnosis of COFS
syndrome is sparse and mainly related to case-series. The
first published case-report was reported by Paladini et al.
[7] in a fetus with bilateral severe fetal microphthalmia,
micrognathia and moderate contractures of the upper
and lower limbs in a patient with a previous obstetric
history suggestive for COFS syndrome recurrence. The
diagnosis was made by clinical presentation only and no
genetic test was performed. Only 8 cases from three dif-
ferent families were described with a prenatal presenta-
tion of COFS3 [2, 8]. All pregnancies were terminated
because of the abnormal ultrasound findings. In these
cases, the findings included joint contractures, micro-
cephaly, micrognathia, cerebral and ocular abnormalities.
Particularly, ocular findings were reported only in three
cases reported by Le Van Quyen et al. [8] who described
the presence of cataract and at least one other ocular
finding. However, the importance of findings such as
microphthalmia or cataract is corroborated by postnatal
series where these are reported to be present in the large
majority of children affected by COFS syndrome [2, 3].

To our knowledge, no other cases with prenatal sus-
picion and genetic diagnosis of the other types of COFS
(COFS1, COFS2 or COFS4) are reported in literature.
Most likely this might be a consequence of missed diag-
nosis, since the vast majority of the cases described
presented with cataract and/or microphthalmia and
arthrogryposis at birth [1, 5].

Arthrogryposis multiplex congenita (AMC) is a rare
condition characterized by two or more major contrac-
tures in different body areas. The etiology is highly het-
erogeneous and prenatal diagnosis is reached in around
25% during an obstetric routine care [9, 10]. Apart from
a recent Consult Series [11], there is a lack of standard-
ized protocols that may help the clinician in the approach
of the prenatal diagnosis of AMC. Finges et al. propose
an interesting flow-chart that mainly divides AMC
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associated to additional anomalies or AMC limited to
limbs: in the associated anomalies group, they include
brain anomalies, microcephaly, ventriculomegaly with
no mention of ocular abnormalities. As stated by the
authors, the value of genetic testing is questionable if the
approach to AMC is not systematic since more than 400
syndromes are associated to AMC. Microarray analysis
is recommended as the first-tier genetic test, while tar-
geted molecular testing is indicated when a family history
is suggestive for a single-gene defect or when multiple
abnormalities are present [9, 10].

In case of a syndromic fetus, it is of extreme importance
to identify distinctive features that may guide the clini-
cian towards the specific diagnostic test(s). We think that
microphthalmia/cataract may play a role in this direction
in case of COFS syndrome, but differential diagnosis with
other conditions is however important.

Microphthalmia is present in multiple genetic syn-
dromes, and cataract may also be associated to infectious
diseases. However, both findings are rarely associated to
arthrogryposis. Together with other signs, such as 2-3
toe syndactyly, postaxial polydactyly or genital anoma-
lies, microphthalmia/cataract should prompt suggest
SLOS. Moreover, cataract is an uncommon finding at the
second trimester ultrasound, and it is present at birth
only in the 20% of SLOS patients [11, 12].

Micrognathia is frequently associated to AMC, but it is
not of help in the differential diagnosis since it is a con-
sequence of decreased fetal activity/movements often
associated with FGR, polyhydramnios, pulmonary hypo-
plasia and short umbilical cord. These are the key signs
of the Fetal Akinesia Deformation Sequence (FADS) also
known as Pena-Shokeir syndrome. Many underlying
causes of FADS have been recognized including genetic,
maternal and environmental factors, resulting in a com-
plex diagnostic framework [13, 14].

Microcephaly has been reported as the most repre-
sented feature in COFS syndrome, however, it is not spe-
cific and could be misinterpreted as a general FGR finding
[8]. The association of cataract and arthrogryposis is also
present in primary microcephaly-10 (MCPH10), an auto-
somal recessive disorder caused by biallelic mutations in
ZNF335 and characterized by extremely small head size
(from — 3 to — 9 SD) with brain malformations [15]. In
this case, the presence of microcephaly should guide the
differential diagnosis with COFS syndrome.

Cerebral abnormalities, like abnormal sulci or poste-
rior fossa defects, have also been reported in association
with COFS syndrome [2]. However, reduced fetal move-
ments and the fixed fetal position may prevent the study
of these anatomical regions by ultrasound and misguide
in the diagnostic process, while fetal MRI could increase
the diagnostic accuracy of these defects [16, 17].



Sirchia et al. BMC Med Genomics (2021) 14:89

The observed combination of cataract, arthrogryposis
and microcephaly is also reminiscent of the Alkuraya-
Kucinskas Syndrome (ALKKUCS) and Neu-Laxova
syndrome, autosomal recessive disorders characterized
by mutations in KIAA1109 and PHGDH genes, respec-
tively. Both syndromes present a strong overlap with
COFS syndrome [18]. Finally, the most severe forms
of congenital muscular dystrophy-dystroglycanopathy
with brain and eye anomalies type A4 (MDDGA4), a
rare muscular dystrophy caused by biallelic mutations
in FKTN, can present with prenatal cataract, microph-
thalmia and arthrogryposis [19]. Since in these last three
cases the differential diagnosis with COFS is difficult due
to the possible absence of other ultrasound signs, we sug-
gest considering the analysis of KIAA1109, PHGDH and
FKTN together with COEFS specific genes when arthro-
gryposis is associated with ocular signs such as cataract
and/or microphthalmia. In Fig. 3 we propose a flow-chart
based on the discussed review to guide differential diag-
nosis when cataract and arthrogryposis are encountered.

In conclusion COEFS is a rare, autosomic recessive
condition, which can show detectable prenatal signs.
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The association of microphthalmia and/or cataract with
arthrogryposis seems to be peculiar to COFS syndrome
and it is a rare association described in few other con-
ditions. In the genomic era, molecular diagnosis is pos-
sible, and it is crucial to estimate the family recurrence
risk. We suggest including a detailed assessment of the
fetal eyes and lenses when the presence of limbs abnor-
malities raises the suspicion of AMC. In addition to
array-analysis, targeted molecular testing for the 46 NER
genes (including ERCC1, ERCC2, ERCCS and ERCCS),
KIAA1109, PHGDH and FKTN genes should be offered
to the couple in order to reach a diagnosis and assess the
recurrence risk for future pregnancy.
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Fig. 3 The flow-chart illustrates a possible pathway to guide differential diagnosis according to possible prenatal findings starting from
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