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Abstract

Introduction: CREBBP truncating mutations and deletions are responsible for
the well-known Rubinstein-Taybi syndrome. Recently, a new, distinct CREBBP-
linked syndrome has been described: missense mutations located at the 3" end
of exon 30 and the 5’ portion of exon 31 induce Menke-Hennekam syndrome.
Patients with this syndrome present a recognizable facial dysmorphism, intellec-
tual disability of variable severity, microcephaly, short stature, autism, epilepsy,
visual and hearing impairments, feeding problems, upper airway infections, sco-
liosis, and/or kyphosis. To date, all diagnoses were made postnatally.

Method and Case Report: Trio-whole exome sequencing (WES) was performed
in a fetus showing increased nuchal translucency persistence and aorta abnor-
malities at 28 weeks of gestation (WG).

Results: WES revealed a CREBBP de novo missense mutation (c.5602C>T;
p-Argl868Trp) in exon 31, previously reported as the cause of Menke-Hennekam
syndrome. Termination of pregnancy was performed at 32 WG. We further re-
viewed the prenatal signs of Menke-Hennekam syndrome already reported.
Among the 35 patients reported and diagnosed postnatally up to this day, 15 pre-
sented recognizable prenatal signs, the most frequent being intra-uterine growth
retardation, brain, and cardiovascular anomalies.

Conclusion: Menke-Hennekam is a rare syndrome with unspecific, hetero-
geneous, and inconstant prenatal symptoms occurring most frequently with
the c.5602C>T, p.(Argl868Trp) mutation. Therefore, the prenatal diagnosis
of Menke-Hennekam syndrome is only possible by molecular investigation.
Moreover, this case report and review reinforce the importance of performing

prenatal WES when unspecific signs are present on imaging.

KEYWORDS

fetal anomalies, Menke-Hennekam syndrome, molecular genetics, CREBBP

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals LLC.

Mol Genet Genomic Med. 2023;11:e2219.
https://doi.org/10.1002/mgg3.2219

wileyonlinelibrary.com/journal/mgg3 1of7


https://doi.org/10.1002/mgg3.2219
www.wileyonlinelibrary.com/journal/mgg3
https://orcid.org/0000-0003-3505-7114
mailto:
mailto:tania.attie@aphp.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/

2of7 Wl LEYv_Molecular Genetics & Genomic Medicine

COGAN ET AL.

Open Access,

1 | INTRODUCTION

CREBBP (OMIM #600140) encodes the transcriptional
co-activator CREB-binding protein, belonging to the type
3 family of lysine acetyltransferases (KAT3). CREBBP is
involved in histone and non-histone protein modification,
thereby regulating chromatin accessibility and transcrip-
tion (Dutto et al., 2018).

Heterozygous loss of function variants and deletions of
CREBBP are involved in the well-known Rubinstein-Taybi
syndrome type 1 (RTS1, OMIM 180849) characterized by
a typical facial dysmorphism, characteristic grimacing
smile, microcephaly, broad thumbs and halluces, intellec-
tual disability and postnatal growth retardation (Milani
et al., 2015).

However since 2016 and the first 11 patients reported
by Menke et al., 33 patients presented a different pheno-
type with missense CREBBP mutations located at the 3’
end of exon 30 and the 5" portion of exon 31, in the ZZ and
TAZ2 domain, respectively, have been reported (Angius
et al., 2019; Banka et al., 2019; Menke et al., 2016, 2018;
Nishi et al., 2022; Sima et al., 2022). In addition, 2 pa-
tients had variants located in the CREBBP homologous
area close to the TAZ2 domain of EP300, a well-known
gene also usually involved in RTS (Menke et al., 2018).
The phenotype differs substantially from that in RTS pa-
tients; for instance, grimacing smile, broad halluces, and
thumbs are absent. The facial dysmorphism is also not
similar to RTS patient's, usually consisting of ptosis, tele-
canthi, short, and upslanted palpebral fissures, depressed
nasal ridge, short nose, anteverted nares, short columella,
and long philtrum. Other characteristics of this new syn-
drome included intellectual disability of variable severity,
microcephaly, short stature, autism, visual and hearing
impairments, feeding problems, epilepsy, upper airway
infections, scoliosis, and/or kyphosis.

Despite the prenatal symptoms indicated in the 35
patients, none of them reported any prenatal diagnosis
yet. Hereby, we describe the first prenatal diagnosis of a
Menke-Hennekam syndrome by whole exome sequenc-
ing and review the prenatally accessible signs. Finally,
we will be discussing about the opportunity of whole
exome sequencing in the context of limited prenatal
symptoms.

2 | CASE REPORT

The patient was a 32-year-old woman in her sixth preg-
nancy. She had two previous miscarriages and one extra-
uterine gestation. This non-related couple also had two
healthy daughters. The familial history revealed two male
nephews, one from the father and one from the mother

with an increased nuchal translucency history during
pregnancy without any developmental disorder at 7years
old. Her sister was pregnant with a fetus with a septal ven-
tricular defect at the same time. The mother had an ear
surgery during early childhood without functional seque-
lae and had slight dysmorphological traits.

First-trimester ultrasonography (US) revealed a 4.7 mm
increased nuchal translucency. The next US at 15weeks
and 6days showed a septal ventricular defect and a right
aortic cross. The increased nuchal translucency was still
present. The chromosomal microarray analysis on amni-
otic cells was normal. Moreover, prefrontal edema, facial
dysmorphism, moderate right pleural liquid, and suspi-
cion of pulmonary stenosis were added to the previous
features on two ultrasounds performed at 20 and 24 weeks
of gestation (WG).

The patient was then referred to our hospital, where an
echocardiograph was performed at 25 WG. It revealed an
unusual appearance of the aorta, with a contoured aspect
at its junction with the ductus arteriosus, without ventric-
ular septal defect. Also, this echocardiograph confirmed
the persistence of the increased nuchal translucency and
the prefrontal edema. Among the possible diagnoses, a
rasopathy (Noonan syndrome) was mentioned. The cou-
ple was counseled at 28 WG about the uncertain progno-
sis and offered prenatal whole exome sequencing (WES)
which was performed on parental DNA extracted from
blood samples and fetal DNA extracted from amniotic
cells.

Whole exome sequencing analysis revealed a CREBBP
de novo missense mutation (c.5602C>T; p.Argl868Trp) in
exon 31. Arginine at position 1868 is a highly evolution-
arily conserved amino acid across species, and in silico pre-
diction tools showed a high pathogenic score of: 28, 0.99,
and 0 for CADD, Polyphen-2, and SIFT, respectively. This
variant is absent from gnomAD database and has been
previously reported as the cause of Menke-Hennekam
syndrome (Angius et al., 2019; Banka et al., 2019; Giles
et al., 1998; Giordano & Avantaggiati, 1999; Janknecht &
Hunter, 1996; Menkeetal.,2016; Nishietal., 2022; Richards
etal., 2015; Sima et al., 2022; Vo & Goodman, 2001). It was
therefore classified as a pathogenic variation according to
ACMG criteria (Richards et al., 2015).

In light of the severity of the prognosis, termination of
pregnancy was demanded by the couple and performed at
32 WG in accordance with French law. Parents declined
post-mortem examination.

3 | RESULTS AND DISCUSSION

Cyclic-AMP response element binding protein (CREBBP)
is a large transcriptional adaptor protein that interacts
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with a variety of cellular transcription factors, thus me-
diating transcriptional responses to numerous intra and
extracellular signals (Giordano & Avantaggiati, 1999;
Janknecht & Hunter, 1996; Vo & Goodman, 2001). For
instance, it plays an important role in DNA damage re-
sponse: after DNA damage, the histone acetylation me-
diated by CREBBP enables transcription activation and
facilitates the recruitment of DNA repair factors to the
damaged site.

CREBBP is composed of structural and functional do-
mains that mediate the interactions with other proteins
(Giles et al., 1998; Janknecht & Hunter, 1996). Three
putative zinc-binding domains were originally termed
CHI1, CH2, and CH3 by Borrow et al. (1996) on the basis
of the sequence positions of cysteine and histidine resi-
dues. Ponting et al. suggested an alternative nomenclature
where CH1 corresponds to TAZ1, CH2 region to a PHD
zinc finger motif, and the CH3 domain incorporates two
zinc-binding motifs, ZZ (Zinc finger, ZZ-type; residues
1701 to 1744) and TAZ2 (Zinc finger, TAZ type; residues
1765 to 1846). The role of these domains is to stabilize
helical folding and mediate interactions with transcrip-
tional regulatory proteins by mediating Zn>* binding (De
Guzman et al., 2000; Ponting et al., 1996).

All variants responsible for Menke-Hennekam syn-
drome are missense variants located on exon 30/31 over-
lapping the ZZ and TAZ2 domains which contrasts with
the wide distribution of RTS variants, spreading through
the entire gene, which are mainly truncating variants.
These variant clusters are predicted to perturb the proper
folding and stability of the structural organization of the
zinc finger domains, thus affecting their binding proper-
ties (De Guzman et al., 2000; Legge et al., 2004). Seven
of the 35 patients yet reported had the same c.5602C>T
p-(Argl868Trp) variant localized close to TAZ2, in the
c-terminal part of CREBBP: Patients #9 (4years old fe-
male) and #10 (9 and a half months old female) of the
first report (Menke et al., 2016); C17 (2years old male),
C18 (4years old male), C19 (1-year-old female)of the next
report (Menke et al., 2018), an additional 20 months girl
(Patient #2) and 2-month-old male, more recently de-
scribed (Banka et al., 2019).

Globally, prenatal history was unremarkable in most
of Menke-Hennekam patients reported, even if prenatal
detectable signs were present in 15/35 (43%) patients
(Table 1, Figure 1). Among patients with prenatal de-
tectable signs, four out of seven (57%) carried the same
CREBBP ¢.5602C>T p.(Argl868Trp) mutation, suggest-
ing a higher prevalence of prenatal manifestations. The
main symptoms discovered prenatally were fetal growth,
weight or skull circumference restriction (10/15), micro-
cephaly (5/15), cardiac septal defect (5/15), cleft palate
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(4/15), corpus callosum abnormalities and bilateral hy-
dronephrosis (2/15). A large range of symptoms from
abnormal extremities (pre and postaxial polydactyly)
to brain malformations/defects (ventriculomegaly), all
found once in each patient, completed the spectrum.
Interestingly, among the two patients with EP300 vari-
ants, neither had prenatal signs meaning that all eight
patients were only CREBBP-mutated. Of note, TUGR
and microcephaly in patient #3 from Banka et al. could
be linked to the maternal CMV infection and not to the
CREBBP mutation.

The unspecificity and heterogeneity of prenatal signs
of Menke-Hennekam syndrome lead to the conclusion
that the diagnosis is only possible by molecular investiga-
tion prenatally and highlight the importance of perform-
ing prenatal WES when unspecific signs are present on
imaging. As far as genetic counseling is concerned, given
the postnatal severity of this syndrome consisting of intel-
lectual deficiency, epilepsy, seizures, visual, and hearing
impairments, termination of pregnancy might be an op-
tion for the couples, depending on the maternal current
pregnancy state law. The genetic result also allows accu-
rate genetic counseling to the couple, the recurrence risk
for their future pregnancies being reduced to the one of
germline mosaicism.

In conclusion, Menke-Hennekam is a rare syn-
drome with heterogeneous and inconstant prena-
tal symptoms occurring most frequently with the
€.5602C>T, p.(Argl868Trp) mutation. When present,
the most frequent signs are IUGR, microcephaly, cleft
palate, and atrial septal defect. It can also be added
to the list of syndromes with apparently isolated per-
sistent nuchal translucency.

4 | METHODS

After genetic counseling signed consents from both par-
ents were obtained for the genetic analysis. Trio prenatal
exome sequencing was performed in a diagnostic setting
on parental DNA extracted from whole blood samples and
fetal DNA extracted from the amniotic cells.

Library generation, exome enrichment, and se-
quencing were performed at the Genomic Platform of
University hospital Necker-Enfants-Malades (APHP
Paris, France). Libraries were prepared from 50ng of
fragmented genomic DNA. Exome enrichment was per-
formed using Twist Human RefSeq Exome Kit, 36 Mb
(Twist Bioscience Kkits) according to the manufacturer’s
recommendations, with DNA multiplexing by molecular
barcoding for sample traceability. DNA libraries were
then sequenced on Illumina NextSeq according to the
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TABLE 1 Prenatal characteristics of currently and previously reported fetuses.
Patient Al B3 M5 N1 M10 M17 M18
€.5570_5590del
€.5170G>A €.5354G>A c.5478 p-(His1857_GIn €.5602C>T €.5602C>T €.5602C>T
Variant p-(Glul1724Lys) p-(Cys1785Tyr) p-(Cys1826Trp) 1863del) p-(Argl868Trp) p-(Argl1868Trp) p-(Argl1868Trp)
Intra-uterine growth - + + + + - —
retardation
Nuchal translucency - - - - - - +
Oligohydramnios - - - - — - —
Cleft palate 4 = - — - = e
Polydactyly - - - - - Pre axial -

Bilateral hydronephrosis - - - - = = —
Cardiovascular anomalies

Atrial septal defect — - - - = = —
Ventricular septal defect - - - - — — _
Pulmonary stenosis — - - - = = —
Brain anomalies

Microcephaly - + + = + = —
Corpus callosum anomaly — — - — - - - —
Ventriculomegaly = - — - — = —
Neuromuscular

Decreased fetal movement — + — - — = —

Multiple congenital - - - - - — —
contractures

Note: B2 and B3: Patient #2 and Patient #3 from Banka et al. (2019); M5 and M10: Patient 5 and Patient 10 from Menke et al. (2016); M17, M18, M21,
and M22: Case 17, Case 18, Case 21 and Case 22 from Menke et al. (2018); A1: case report from Angius et al. (2019); N1, N2, N3, N4, N6: Patient 1, Patient 2,
Patient 3, Patient 4, and Patient 6 from Nishi et al. (2022); S1: case report from Sima et al. (2022).
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FIGURE 1 Schematic representation of CREBBP domains and mutation distribution among present and previous patients with
prenatal recognizable signs. Deducted from https://www.ebi.ac.uk/interpro/protein/UniProt/Q92793/ at 03/15/2023. BRD, bromodomain;
KAT, lysine acetyltransferase domain; KIX, kinase-inducible interacting domain; NRC, nuclear receptor coactivator; RING, CREB binding
protein/P300 atypical RING domain; TAZ, transcriptional adaptor zinc finger; ZZ, zinc finger.
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B2 S1 Case report M21 M22 N2 N3 N4 N6
€.5602C>T €.5602C>T €.5602C>T €.5608G>C €.5614A>G €.5614A>G €.5614A>G ¢.5991delC €.6241C>T
p-(Argl868Trp) p.(Argl868Trp) p.(Argl868Trp) p.(Alal870Pro) p.(Metl872Val) p.(Met1872Val) p.(Met1872Val) p.(Val1998) p-(GIn2081*%) Total
+ + - - - + + + + 10/36
- - + - - - - - - 2/36
- + - - - - - - - 1/36
- + - + - - - - - 4/36
- - - - - - - - Post axial 2/36
+ _ _ + - - = = = 2/36
5/36
- + - + - - + - - 3/36
+ _ _ — + - - - - 2/36
- - - - + - - - - 1/36
7/36
+ + + - - - - - - 6/36
+ - - - + - - - - 2/36

manufacturer's recommendations. Bioinformatics anal-
ysis was performed by the Bioinformatics platform of the
University of Paris Cité and Imagine Institute. Briefly,
after demultiplexing, sequence reads were aligned to
the human genome (NCBI build37/hgl9) using BWA
software. Downstream processing was carried out with
the Genome analysis toolkit GATK (Haplotypecaller,
Unifigenotyper, Samtools, and Freebayes). All variants
with a read coverage <5x and a Phred-scaled quality of
<20 were filtered out. Search for deletions and exonic
duplications is performed by comparison of reading
depths after normalization. Variants were annotated
and filtered using a local interface (PolyWeb) developed
by the Bioinformatics platform according to the current
HGVS nomenclature, assisted by tools for databases
(gnomAD, HGMD-Pro, Clinvar) and prediction software
(Polyphen-2 HumanVar (PPN2), SIFT, CADD, Mutation
Taster, MaxEntScan, SSF-like, NNSplice, and Gene
Splicer). Variants with a frequency >1% in GnomAD
were filtered out from the analysis. The analysis mainly
focused on frameshift, nonsense, mature miRNA,
start/stop codon loss, splice acceptor/donor site, mis-
sense variants with rare frequency (<1% in dbSNP, the
1000 Genomes Project, GnomAD, Exome Aggregation
Consortium, and Exome Variant Server or variants
identified more than 80 times in local sequencing data).

= = = = 1/36

2/36
= = = = 1/36
- - - - 1/36

Variants were classified according to the ACMG classifi-
cation criteria (Richards et al., 2015).
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