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Dual diagnosis of achondroplasia -1
and mandibulofacial dysostosis
with microcephaly

Fkaterina Lyulcheva-Bennett'?, Christopher Kershaw?, Eleanor Baker?, Stuart Gillies*, Emma McCarthy?,
Jenny Higgs', Natalie Canham', Dawn Hennigan®, Chris Parks® and Daimark Bennett?®"

Abstract

Background Achondroplasia and mandibulofacial dysostosis with microcephaly (MFDM) are rare monogenic,
dominant disorders, caused by gain-of-function fibroblast growth factor receptor 3 (FGFR3) gene variants and loss-of-
function elongation factor Tu GTP binding domain-containing 2 (EFTUDZ2) gene variants, respectively. The coexistence
of two distinct Mendelian disorders in a single individual is uncommon and challenges the traditional paradigm of a
single genetic disorder explaining a patient’s symptoms, opening new avenues for diagnosis and management.

Case Presentation \We present a case of a female patient initially diagnosed with achondroplasia due to a maternally
inherited pathogenic FGFR3 variant. She was referred to our genetic department due to her unusually small head
circumference and short stature, which were both significantly below the expected range for achondroplasia.
Additional features included distinctive facial characteristics, significant speech delay, conductive hearing loss,

and epilepsy. Given the complexity of her phenotype, she was recruited to the DDD (Deciphering Developmental
Disorders) study and the 100,000 Genomes project for further investigation. Subsequent identification of a complex
EFTUD?2 intragenic rearrangement confirmed an additional diagnosis of mandibulofacial dysostosis with microcephaly
(MFDM).

Conclusion This report presents the first case of a dual molecular diagnosis of achondroplasia and mandibulofacial
dysostosis with microcephaly in the same patient. This case underscores the complexity of genetic diagnoses and the
potential for coexistence of multiple genetic syndromes in a single patient. This case expands our understanding of
the molecular basis of dual Mendelian disorders and highlights the importance of considering the possibility of dual
molecular diagnoses in patients with phenotypic features that are not fully accounted for by their primary diagnosis.
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Introduction

The Occam’s razor principle [1], which suggests that the
simplest explanation is often the best, has traditionally
guided the assumption in genetics that a single diagnosis
is more likely than multiple independent ones. However,
advances in Genomic Medicine and high-throughput
sequencing technologies have challenged this paradigm,
revealing that dual molecular diagnoses can be more
common than expected [2—4]. This shift underscores the
importance of deep phenotyping to identify inconsis-
tent features and the possibility of a blended phenotype,
which can guide genomic testing, clinical management,
and genetic counselling.

Achondroplasia is the most prevalent cause of dispro-
portionate short stature, with an estimated prevalence of
approximately 1 in 25,000 [5]. It is characterised by rhi-
zomelic limb shortening, macrocephaly and character-
istic facial features such as frontal bossing and midface
retrusion [6, 7]. Hypotonia is common in infancy, often
leading to some delays in the acquisition of developmen-
tal motor milestones. Cognitive function and lifespan are
typically unaffected, although craniocervical junction
compression increases the risk of death in infancy. Addi-
tional complications include obstructive sleep apnoea,
middle ear dysfunction leading to conductive hearing
loss, kyphosis, and spinal stenosis [6—8]. Achondroplasia
is caused by gain-of-function variants in FGFR3, which
negatively impacts the growth of long bones by inhibit-
ing chondrocyte proliferation and differentiation in the
growth plate [8, 9]. In cases of diagnostic uncertainty or
atypical findings, identification of a heterozygous patho-
genic variant in FGFR3 can establish the diagnosis.
Achondroplasia is inherited in an autosomal dominant
manner, with around 80% of cases resulting from a de
novo pathogenic variant [6].

Mandibulofacial  dysostosis ~ with  microcephaly
(MFDM) is classified among the facial dysostoses, a
group of rare and heterogeneous genetic congenital mal-
formation syndromes that result from disrupted develop-
ment of the first and second pharyngeal arches [10-12].
MEDM is characterised by microcephaly, distinctive cra-
niofacial features, and variable intellectual disability [13,
14]. The condition is caused by variants in the EFTUD?2
gene [15], which encodes a component of the spliceo-
some, a multiprotein complex involved in the splicing of
pre-mRNA. EFTUD2 haploinsufficiency leading to aber-
rant splicing is thought to be the underlying mechanism
for MFMD. Previously reported pathogenic variants
include missense, nonsense, frameshift, and splice site
variants, as well as whole or partial deletions of EFTUD2
[15-19]. Individuals with MFDM typically present with
malar and mandibular hypoplasia, microcephaly and
learning difficulties [20]. Other clinical features include
external ear malformations with conductive hearing loss,
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epilepsy and variable short stature in some patients [14,
20]. Skeletal abnormalities in MFDM may include abnor-
malities of the middle ear ossicles, thumb anomalies such
as triphalangeal thumbs, and vertebral anomalies. Other
skeletal anomalies in MFDM that affect the craniofa-
cial complex are cleft palate, choanal atresia, zygomatic
arch cleft. Imaging studies can demonstrate these skel-
etal abnormalities as well as the characteristic cranio-
facial features [14, 20]. MFDM is a rare condition, with
126 cases reported to date in the medical literature [14].
MEFDM follows an autosomal dominant pattern of inheri-
tance. Most cases of MFDM are caused by de novo gene
variants. However, a small number of cases have been
reported in which an affected individual inherits the vari-
ant from an affected parent [14, 20, 21].

Case presentation

Patient and clinical evaluation

A 3-year-old girl with disproportionate short stature
was initially diagnosed with achondroplasia due to a
maternally inherited pathogenic FGFR3 variant (FGFR3,
NM_000142.5: ¢.1138G>A, p.Gly380Arg), that also
affected her older brother (Fig. 1a). However, her growth
rate and height were significantly below the mean for
achondroplasia (Fig. 1b, c). She was also noted to be nor-
mocephalic, which is not in keeping with achondropla-
sia and indeed represents significant microcephaly on
achondroplasia growth charts (Fig. 1c).

The patient exhibited significant speech and language
delay, learning difficulties, conductive hearing loss, and
epilepsy (onset of seizures at age 2). Distinctive features
included prominent, dysplastic, low-set ears with absent
antihelices giving them a protruding impression; down-
slanting palpebral fissures; midface and malar hypo-
plasia with a prominent mandible, frontal bossing and
depressed nasal bridge (Fig. 1d; Table 1).

Imaging showed features consistent with achondropla-
sia. MRI of the brain showed small posterior fossa and
small foramen magnum causing effacement of the cere-
brospinal fluid (CSF) spaces at the craniocervical junc-
tion. There was also some bossing of the forehead and
expansion of the extra-axial CSF spaces and mild ven-
tricular dilation. The torcula was also low with a verti-
cal straight sinus. MRI of the spine showed exaggerated
thoracic kyphosis and thoracolumbar kyphosis and a nar-
row, but not critically stenotic, spinal canal. The kyphotic
deformities have improved with time. To date, no surgi-
cal intervention has been needed for these issues.

Genetic screening and results

Given the complexity of the patient’s phenotype and lim-
ited relevant family history, the patient was recruited to
both the Deciphering Developmental Disorders (DDD)
study [22] and the 100,000 Genomes project [23, 24].
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Fig. 1 Pedigree and clinical presentation A, Family pedigree. Black arrow shows the proband. Green quadrant indicates the patient or family members
affected with achondroplasia, caused by a variant in the FGFR3 gene. Blue quadrant indicates patient with additional features that are not fully explained
by familial FGFR3 variant. B, Achondroplasia height growth chart. C, Achondroplasia head circumference growth curve. D-E, Distinctive dysmorphic facial
features from front (D) and side (E), including prominent, dysplastic, low-set ears with absent antihelices; down-slanting palpebral fissures; midface hypo-
plasia with a prominent mandible, frontal bossing and depressed nasal bridge. F, Rhizomelic limb shortening, characteristic of achondroplasia, exhibited

by the patient. D-F, Patient’s eyes have been covered to protect privacy

Table 1 Patient’s blended phenotype consists of features of
both achondroplasia and MFDM

Clinical Features achondroplasia MFDM  Our Patient
Short stature Yes Yes Yes ++
Macrocephaly Yes No No
Microcephaly No Yes Yes (relative)”
Midface hypoplasia Yes No Yes

Malar hypoplasia No Yes Yes
Dysplastic ears No Yes Yes

Speech delay Yes Yes Yes
Learning Difficulties No Yes Yes
Conductive hearing loss  Yes Yes Yes

Seizures No Yes Yes

*Relative microcephaly, defined as having an occipitofrontal circumference
beyond 2 standard deviations below the mean for age in patients with
achondroplasia (according to achondroplasia growth charts)

Genomic DNA was extracted from peripheral blood
samples using the Chemagen DNA Extraction kit, follow-
ing the manufacturer’s instructions. Trio whole-genome
sequencing (WGS) was performed on DNA from the
whole blood using the Illumina platform (HiSeq 2500,
150 bp paired-end reads). The data were aligned to the
reference genome. Initial analysis confirmed the pres-
ence of a maternally inherited FGFR3 variant (FGFR3,
¢.1138G > A), but was otherwise uninformative.

However, subsequent re-analysis of the WGS data indi-
cated the presence of the complex rearrangement within
the EFTUD?2 gene. To confirm the WGS findings, PCR
primers were designed to amplify across the gene, result-
ing in a 6.7 kb product for the wild type allele in control
gDNA. The patient’s DNA sample showed two distinct
PCR products sizes, the 6.7 kb product indicating a wild
type allele, and a shorter 756 bp allele, indicating a dele-
tion event (supplementary information).

To elucidate the nature of the shorter 756 bp PCR
product detected in the patient's DNA sample, the frag-
ment was sequenced in duplicate in both directions.
Manual analysis of the Sanger sequencing data revealed
a complex intragenic rearrangement comprised of two
inverted regions, three deleted regions (including dele-
tion of EFTUD?2 exons 3-6 and partial deletion of exon
7) and a novel sequence that yielded no nucleotide search
matches using BLAST (Fig. 2 and supplementary infor-
mation). This insertion-deletion (InDel) was consistently
identified in eight separate sequencing attempts. Testing
of parental samples showed a lack of the InDel, indicating
this variant occurred de novo in the patient.

The patient’s additional phenotypic features were con-
sistent with MFDM, although choanal atresia cleft pal-
ate or zygomatic arch cleft were not observed in our
patient. The complex intragenic rearrangement variant
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Fig. 2 EFTUD? intragenic rearrangement in the patient. Top, genomic organisation of the affected part of the EFTUD2 gene, showing exons (ex) 3-7,
interspersed with non-coding intronic sequence. Middle, annotation of this region of EFTUD2 locus in the reference genome, showing parts of the gene
that harbour deletions, inversions or novel sequence in the patient. Colour coding is shown in the key. Bottom, annotation of the patient’s EFTUD2 gene
in this region, shown at 10x zoom. Nucleotide numbers refer to positions in the reference genome

was classified as pathogenic in line with the Associa-
tion for Clinical Genomic Science (ACGS) best practice
guidelines for variant interpretation (https://www.
acgs.uk.com/quality/best-practice-guidelines/),  based
on being predicted to elicit nonsense-mediated decay,
absence from control individuals in the gnomAD v3.1
dataset and de novo status in this patient. Accordingly, an
additional diagnosis of MFDM was made in our patient.
We conclude that this patient exhibits a blended pheno-
type, with features of both achondroplasia and MFDM
(Table 1).

Discussion and conclusions

In this case, we present a patient with a unique combina-
tion of achondroplasia and MFDM, conditions typically
associated with variants in FGFR3 and EFTUD?2 genes,
respectively. These genes are both involved in fundamen-
tal biological processes regulating growth, albeit through
different mechanisms.

FGFR3 encodes a receptor for fibroblast growth fac-
tors, which are involved in a variety of biological pro-
cesses including cell growth, morphogenesis, tissue
repair, and tumour growth [9]. Gain-of-function vari-
ants result in the constitutive activation of FGFR3 in the
absence of ligand binding. This activates several impor-
tant downstream signalling pathways that disrupt the
normal bone growth, resulting in disproportionate short
stature and other clinical features of achondroplasia [8,
9]. Our patient displayed rhizomelic limb shortening,
frontal bossing and midface hypoplasia, typical of consti-
tutively activated FGFR3.

On the other hand, heterozygous variants in EFTUD?2
cause MFDM, a disorder characterised by craniofacial
abnormalities, short stature, and intellectual disability
[14, 20]. Our patient’s smaller than expected head cir-
cumference, dysplastic ears, seizures, and intellectual
disability are consistent with MFDM. Although the exact
mechanism by which EFTUD?2 variants cause these fea-
tures is not fully understood, EFTUD2 haploinsufficiency
is thought to be the underlying mechanism for MEMD
[15, 20]. Loss of function EFTUD?2 variants are thought
to disrupt normal splicing [17, 19] and thus affect the
expression of multiple genes, potentially including those
involved in growth and development. EFTUD2 has been
shown to be an essential gene in mice, with null mutants
causing early embryonic lethality. [25]

Although both FGFR3 and EFTUD2 impact growth,
they operate through distinct pathways: FGFR3 affects
bone growth via chondrocyte proliferation and differen-
tiation, while EFTUD?2 influences growth more broadly
through its role in gene expression. There is no known
direct interaction between these genes, but it is possible
that their variants could synergistically enhance short
stature, a hypothesis that warrants further research.

This case underscores the complexity of genetic disor-
ders and the interplay of different biological processes in
growth and development. It also highlights the impor-
tance of comprehensive genetic testing in providing
accurate diagnosis and guiding management for patients
with complex phenotypes. Clinical WGS frequently uti-
lises virtual gene panels or other variant filtration meth-
ods (e.g. using HPO-terms). If the phenotype is atypical,
it is more likely that a molecular diagnosis will be missed.
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This emphasises the need for deep phenotyping and the
recognition of blended phenotypes to ensure that all rel-
evant gene panels are considered in the analysis.

Genetic counselling for individuals with dual molecu-
lar diagnoses and their families presents its own set of
complexities. The reproductive risks and options in such
cases are multifaceted and can be challenging to navigate.
Preimplantation genetic diagnosis (PGD), a procedure
used to help identify genetic alterations within embryos
prior to implantation, may be technically challenging
when two genetic disorders are involved.

In addition to the proband’s clear reproductive
risks, parents of a child with a dual molecular diagno-
sis also face recurrence risks. Where both parents are
affected, the likelihood of offspring inheriting at least one
of the autosomal dominant conditions is very high (75%).
In each pregnancy, there is a 25% chance that the child
will be unaffected by either condition, a 25% chance that
the child will be affected by both conditions, and a 50%
chance the child will be affected by either one condition
or the other. Even in cases where parents are unaffected,
there is a risk that the relevant genetic variant is present
in a portion of their reproductive cells. The incidence of
germline mosaicism varies by disorder and is estimated
to be around 6% in MFDM due to sequence variants [13].
This phenomenon means that even in apparent simplex
cases, there is a low risk of an unexpected recurrence in
subsequent pregnancies, necessitating careful genetic
counselling.

The increased identification of dual molecular diagno-
ses represents a significant shift in the field of Genomic
Medicine. It challenges the traditional paradigm of a
single genetic disorder explaining a patient’s presentation
and opens new possibilities for diagnosis and manage-
ment. It is important to remember that in an individual
with a pre-existing familial disorder, the risk of a second
de novo pathogenic variant occurring will be similar to
the risk in the general population. The coexistence of
multiple genetic syndromes in a single patient is likely
an under-recognised phenomenon. As our understand-
ing of genetic disorders continues to evolve, it is crucial
that we consider the possibility of dual molecular diagno-
ses in patients with phenotypic features that are not fully
accounted for by their primary diagnosis, to provide the
best possible care for patients.

Abbreviations

ACGS Association for Clinical Genomic Science
BLAST Basic Local Alignment Search Tool
BLAT BLAST-like Alignment Tool

CSF Cerebrospinal fluid

EFTUD2  Elongation factor Tu GTP binding domain containing 2
FGFR3 Fibroblast growth factor receptor 3
MFDM Mandibulofacial dysostosis with microcephaly

SD Standard deviation
WGS Whole genome sequencing
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