EXPERIMENTAL AND THERAPEUTIC MEDICINE 23: 323, 2022

First documented case of Myhre syndrome
in Romania: A case report
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Abstract. Myhre syndrome is a rare genetic autosomal
dominant connective tissue disorder, characterized by devel-
opmental delay, characteristic facial features, various bone
and joint abnormalities, distinctive cardiovascular, ophthal-
mological and ear, nose and throat (ENT) manifestations,
in association with mild to moderate intellectual disability
and autism or autism spectrum disorder-like behaviour. The
diagnosis of Myhre syndrome is established corroborating the
clinical findings with SMAD4 heterozygous mutation identi-
fied in the majority of the patients. SMAD4 gene mutations
result in abnormal TGF-f signalling in several cell types,
which affects the development of several body systems and
leads to the specific phenotype of Myhre syndrome. We herein
report the case of an 18-year-old female patient who was
diagnosed at the age of 17 years with Myhre syndrome, the
first documented case of this syndrome in Romania. Sequence
analysis of protein-coding genes using whole-exome analysis
identified a ‘de novo’, heterozygous missense variant of
SMADA4, c.1498A>G, p. (1le500Val), which is pathogenic for
Myhre syndrome. Although this condition is rare, a series of
particularities were identified in the present case, consisting of
severe allergic reactions, recurrent ENT tumour development
and delayed dental eruption, which have not been described in
Myhre syndrome to date, to the best of the authors' knowledge.

Introduction
Myhre syndrome (Online Mendelian Inheritance in Man

entry no. 139210), first observed in 1981 (1), has thus far been
reported in <100 patients worldwide (2). Myhre syndrome is
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an autosomal dominant connective tissue disorder affecting
patients from a young age without ethnic or sex predilec-
tion. Clinical manifestations include intrauterine growth
retardation, short stature and limited joint mobility (3). More
common phenotypical traits become recognizable in child-
hood, including distinct facial dysmorphic features, such as
midface hypoplasia, short palpebral fissure, narrow mouth
and prognathism, smaller dysplastic ears, brachydactyly and
clinodactyly with hyperconvex nails. Thick skin and atypical
scarring are also documented in most cases (4). These patients
usually present with hearing loss, ophthalmological mani-
festations, the most common being strabismus (5). Different
cardiovascular and respiratory manifestations, including heart
failure and dyspnoea (6) due to septal defects, aortic defects or
laryngotracheal stenosis, may also be observed, some of which
may be life-threatening, while limited intellect and autism
spectrum disorder-like behaviour may affect the capability of
having normal social interactions (7).

The diagnosis of Myhre syndrome is quite challenging, and
it is based on characteristic clinical and imaging features and
confirmed by specific molecular diagnosis.

The most common aetiology is a heterozygous mutation
in the SMAD4 gene affecting the codon for I1e500, which
encodes a tumour-suppressor protein. Thus, the TGF-§
signalling pathway is affected owing to the aforementioned
manifestations (8). In most reported cases, the mutation
appears de novo (9). A small number of Myhre syndrome diag-
noses have been associated with SMAD4 missense mutation
causing the replacement of Arg496 (10).

Case report

The case reported in the present study involves an 18-year-old
female patient presenting with short stature, facial deformities,
chronic muscle and joint pain, multiple allergies and suspicion
of vasculitis, without diagnosis of any autoimmune diseases,
and with a predisposition for developing recurring choanal
benign tumours causing severe nasal obstruction, dizziness
and headaches, severely affecting daily activities. Due to the
heterogeneity of symptoms, diagnosis was delayed and the
patient was finally diagnosed with Myhre syndrome following
whole-exome sequencing (WES) molecular analysis.
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The patient, who is the first documented case of Myhre
syndrome in Romania, was diagnosed at the age of 17 years.
The patient was born by caesarean section after a pregnancy
associated with multiple episodes of first-trimester haemor-
rhage. Both parents were aged 35 years at the time of the
patient's birth. The patient exhibited mild intrauterine growth
retardation and microcephaly. Slower weight gain and orthop-
noea were observed from the early neonatal period The patient
also exhibited delayed dental eruption, having the first teeth
at 18 months of age (normal range, 6-8 months); there were no
observed dental abnormalities.

Since the age of 18 months, the patient developed several
severe allergic reactions to insect bites, which required hospi-
talizations and steroid treatment. By the age of 3 years, the
patient was suffering from recurrent ENT infections and vocal
cord nodules causing hoarseness, which resolved spontane-
ously after 1 year. At 10 years of age, the patient underwent an
adenoidectomy. The chronic muscle and joint pains were not
associated with any neurological findings.

The patient exhibited a short stature at 152 cm (mother:
178 cm, father: 182 cm), lumbar lordosis, thickened calvarium
and facial deformities, including maxillary hypoplasia, large
forehead, microstomia, thin upper lip, prominent nasal root,
narrow palpebral fissures and strabismus. The skin on the
palms and feet was thickened and stiff, and there were multiple
stretch marks and abnormal scarring on different parts of the
body. Brachydactyly, camptodactyly and clinodactyly were
also be observed in the hands. A routine clinical check-up
followed by ultrasound imaging revealed the presence of mild
coarctation of the aorta, in the absence of hemodynamically
significant alterations (Fig. 1).

By the time of diagnosis, the patient had developed facial
tics, chronic constipation (despite a healthy, well-balanced
diet) and severe menstrual abnormalities (dysmenorrhea and
oligomenorrhea), which were corrected to a certain extent with
medication (oestrogen and progesterone).

Immediately prior to recommending genetic testing, the
patient presented with severe nasal obstruction, dizziness and
severe headaches. The ENT clinical and MRI examinations
revealed a bilateral circumferential choanal tumour, with a
suspected diagnosis of rhinoscleroma, or post-adenoidectomy
stenosis. Surgery was performed under general anaesthesia with
orotracheal intubation, with an apparent favourable postopera-
tive evolution. By the age of 12 years, the surgical follow-up
showed signs of recurrence and further investigations have
been advised, but have not been performed due to the patient's
altered emotional status at the time. Three months later, in the
context of the patient's ENT symptomatology, audiometry was
also performed, revealing conductive hearing loss.

Routine check-up urinalysis revealed haematuria, leuko-
cyturia and proteinuria, leading to the diagnosis of nephrotic
syndrome. Corroborated with a lack of determined aetiology
for the ENT manifestations, vasculitis was suspected. The
absence of symptoms suggesting an autoimmune systemic
inflammatory process and the results of paraclinical investiga-
tions (negative inflammatory markers, negative antineutrophil
cytoplasmic antibodies and anti-Clq serology) excluded the
presumed diagnosis.

The ophthalmological evaluation revealed esophoria, pseu-
dopapillitis, myopia and astigmatism. The recommended MRI

examination for the evaluation of the optic nerve revealed no
pathological findings (Table I).

Given the phenotype of the patient and the lack of
similar clinical manifestations in other family members,
after informed consent was obtained from both the patient
and her parents, WES was performed. Sequence analysis of
all protein-coding genes using the Whole Exome Plus test
(Blueprint Genetics) identified a heterozygous missense variant
of SMAD4 c.1498A>G, p. (Ile500Val), which is pathogenic for
Myhre syndrome. The test was associated with whole exome
deletion/duplication (copy number variation) analysis, which
came back negative. The patient was also tested for secondary
findings, whole-exome data being analysed in 59 genes
following the recommendations of the American College of
Medical Genetics and Genomics (11). No other abnormalities
were identified in the genetic analyses. The patient's father
was diagnosed with multiple rectocolic micropolyps and was
also tested for the SMAD4 mutation, as an association was
suspected, but the results of the genetic test were negative. As
the patient's mother was asymptomatic, she was not tested for
the mutation identified in the proband.

Discussion

Diagnosis of rare diseases is often challenging, particularly
when there is no family history, and the symptoms are hetero-
geneous and do not fall within a characteristic phenotypic
spectrum.

In Myhre syndrome, symptoms tend to go unnoticed in
early childhood and become noticeable in adolescence, as in
the present case. Diagnosing the condition was even more chal-
lenging, as there is no other case of Myhre syndrome reported
in Romania. After several seemingly unrelated symptoms and
several medical consults, molecular diagnosis was performed
using WES, identifying the mutation in the SMAD4 gene.

The key element in Myhre syndrome is the TGF-f3 signal-
ling pathway that controls important biological cell processes,
including cell proliferation, apoptosis and cell lineage
coordination. As SMAD4 represents a coactivator of TGF-f3,
dysregulation of SMAD4 function has pleiotropic effects,
which are in line with the major features of Myhre syndrome
resulting from the perturbation of the developmental pathways
controlled by TGF-f/bone morphogenetic protein signal-
ling during embryonic development, including skeletal axis
patterning, tissue specification and organogenesis. The most
common molecular defect in Myhre syndrome is represented
by the restricted 3 amino acid spectrum of Ile500 mutations
(threonine, valine and methionine) found in almost all patients,
albeit with no clear genotype-phenotype correlations (9).

Recurrent ear infections possibly leading to hearing loss
were previously reported in several patients with Myhre
syndrome (11). SMAD4 gene mutations are known to be
associated with tumorigenesis, as the mutated variant was
identified in both malignant and benign lesions (12). However,
the predisposition to developing ENT tumours has not yet been
reported in Myhre syndrome, to the best of our knowledge.
The patient reported in the present case exhibited severe nasal
obstruction due to the development of bilateral circumferential
choanal tumours, associated with dizziness and intense head-
aches, requiring surgical intervention. After the tumour was
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Figure 1. Morphological characteristics of Myhre syndrome in the present case. The patient exhibited characteristic morphological features of Myhre syndrome,
including microcephaly, maxillary hypoplasia, large forehead, microstomia, thin upper lip, prominent nasal root and narrow palpebral fissures (upper panels),

brachydactyly, camptodactyly and clinodactyly (lower panels).

removed, the patient's condition improved significantly, but
further investigations showed early signs of recurrence.

Different skeletal abnormalities and facial deformities
are often observed, and the developmental delay occurs in all
Myhre syndrome patients (13). The particularity of our case
is the delayed dental eruption: The first teeth appeared in our
patient at 18 months of age, but no dental abnormalities were
found otherwise.

The clinical picture of our patient is predominated by
ENT-related pathology and severe allergic manifestations. The
SMAD4 protein is an important mediator of TGF-f3 signalling,
which is known to serve an important role in inducing and
maintaining the inflammatory response, and its correlation
with allergic asthma and immunomodulation has already been

documented (12,13). Although allergic reactions have not been
reported in Myhre syndrome patients to date (14), our patient
experienced severe reactions to insect bites from a very young
age and has a documented allergy to vitamin K, pollen, mould
and other particles. The patient's symptoms have become
milder over time, but she required several hospitalizations and
corticosteroid treatment due to severe allergic reactions during
childhood.

As in the present case, patients with Myhre syndrome
develop this disorder due to a de novo SMAD4 pathogenic
variant. According to SMAD4 expression in the phenotype,
Myhre syndrome has a 50% recurrence risk, although
fertility and reproduction have not been assessed. If the
SMAD4 pathogenic variant is absent in the parents, the
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Phenotype in Myhre Literature reports on Myhre syndrome
syndrome phenotype Patient phenotype (Refs.)
Facial deformities Microcephaly with thickened calvarium, Microcephaly, maxillary hypoplasia, large 1,2)
narrowed palpebral fissures, midface forehead, microstomia, thin upper lip, prominent
hypoplasia, microstomia, prognathism,  nasal root, narrow palpebral fissures
hypertelorism, prominent nasal root,
cleft palate
Height, weight and Short stature, obesity Short stature (152 cm), delayed dental eruption, (1-3)
developmental intrauterine growth retardation
abnormalities
Osteoarticular Limited joint mobility, thick calvaria, Brachydactyly, camptodactyly, clinodactyly, (1-3)
abnormalities short neck, broad ribs, brachydactyly, chronic muscle and joint pain
camptodactyly, clinodactyly
Muscular hypertrophy + -
Neurological Seizures, mental retardation, cerebral Facial tics (1,2)
involvement ataxia
Cardiovascular Septal defects, aortic stenosis, aortic Aortic coarctation, mitral valve regurgitation 2)
involvement coarctation, pericardial effusion,
pericardial fibrosis
Respiratory tract Laryngotracheal stenosis, respiratory Orthopnea 2)
involvement failure, dyspnea
Ear, nose and throat Early-onset mixed conductive and Vocal cord nodules, hoarseness, hearing loss, (1,3)
involvement sensorineural deafness, voice recurring bilateral choanal tumor
abnormalities (hoarseness, nasal voice)
Genito-urinary Cryptorchidism, menstrual abnormalities Menstrual irregularities (oligomenorrhea)
involvement (oligomenorrhea, metrorrhagia),
vesicoureteral reflux, primary enuresis
Gastroenterological Severe constipation Chronic constipation 4)
involvement
Skin hypertrophy Skin thickening and stiffness Thickened skin, abnormal scarring, stretch marks 2)
Ophthalmological Strabismus, astigmatism, Esophoria, pseudopapillitis, myopia, astigmatism  (1,2)
involvement pseudopapillitis
Immunological - Multiple allergies
involvement

risk to sibs is presumed to be slightly higher compared
with that of the general population, but <1% as a possibility
of parental germline mosaicism; therefore, if a SMAD4
pathogenic variant has been identified in an affected family
member, prenatal testing or preimplantation genetic testing
can be recommended.

In conclusion, Myhre syndrome is a rare autosomal domi-
nant connective tissue disorder caused by a germline mutation
in the SMAD4 gene. Common signs include short stature,
skeletal abnormalities, limited joint mobility, characteristic

and persistent, the major discomfort is mental. The late
diagnosis, lack of medical information, as well as the lack of
adequate medical knowledge have led to generalized anxiety
that ultimately required psychological intervention.

The current case report is proof that a multidisciplinary
approach is essential for the diagnosis of rare genetic
diseases. Phenotype heterogeneity requires, in most cases,
extensive molecular testing in order to reach a definitive
diagnosis.
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