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Male, 9-year-old
Weill-Marchesani syndrome
Joint stiffnes ¢ myopia e short stature

Endocrinology and Metabolic ¢ Genetics

Rare disease

Short stature is the second most common reason for referral to a pediatric endocrinology clinic. Numerous ge-
netic causes have been identified. Weill-Marchesani syndrome (WMS) is one of the rare genetic disorders that
cause short stature. It is caused by homozygous mutations in the FBNI gene, ADAMTS10 gene, ADAMTS17
gene, or LTBP2 gene. Despite genetic heterogeneity, WMS is clinically homogeneous. It is characterized by short
stature, brachydactyly, joint stiffness, ocular abnormalities, mainly microspherophakia and glaucoma, and oc-
casionally cardiac defects.

A 9-year-old boy had bilateral narrow-angle glaucoma with lens subluxation, elevated intraocular pressure, and
severe myopia since early childhood. He had phenotypic dysmorphic features and radiological findings con-
sistent with WMS. He underwent lensectomy and scleral-fixated intraocular lens implantation as well as drug
treatment to control the intraocular pressure. He was a slow grower, and his growth parameters showed dis-
proportionate short stature with brachydactyly and joint stiffness. Growth hormone provocation tests were
subnormal with a peak value of 7.89 ng/mL.

The constellation of clinical presentation, radiological findings, and the molecular examination confirmed a ho-
mozygous familial variant of the ADAMTS 10 gene identified by carrier gene testing. This known familial variant
creates a premature termination codon classified as a likely pathogenic cause of WMS. In this syndrome, glau-
coma treatment is considered the greatest challenge. The disease-causing mechanism in WMS is not known
but thought to be due to abnormal actin distribution and organization in fibroblasts as a result of impaired
connections between extracellular matrix components and the cytoskeleton.

ADAM Proteins ¢ Child e Homozygote ¢ Weill-Marchesani Syndrome
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Background

Short stature is the most common reason for referral to a pe-
diatric endocrinologist after diabetes management [1]. A child
is considered to have short stature if his height is less than
2 standard deviations from the mean (2.3 percentile) when
compared with children of the same age, sex, and race. When
the upper segment to lower segment ratio (US/LS ratio) is in
concordance with chronological age, this child is assumed to
have proportionate stature [2]. The mean US/LS ratio is 1.7
at birth in both sexes. This decreases to 1.0 at age 10, and
further decreases to 0.92 at age 15 in boys and 0.95 at age
13 in girls [3, 4]. The US/LS ratio is determined by first mea-
suring the lower segment from the upper border of the pubic
symphysis to the floor while the patient is standing straight.
Second, this length is subtracted from the standing height to
determine the upper segment length. Finally, the upper seg-
ment length is divided by the lower segment length to cal-
culate the ratio, which can then be compared with reference
data [4]. However, severe short stature is defined as a height
more than 3 standard deviations below the mean and requires
urgent assessment if present [2]. Unexplained short stature,
before it is termed idiopathic, warrants careful evaluation, es-
pecially to rule out any evidence of systemic, endocrine, nutri-
tional, or chromosomal abnormalities [1].

With the recent and tremendous advances in genetic growth
disorders, numerous genetic causes of short stature have been
identified. They are highly heterogeneous and can cause a broad
phenotypic spectrum from mild and isolated short stature to
severe and syndromic short stature [1, 5, 6].

The impact of consanguinity and the prevalence of adverse
genetic outcomes have been largely ignored for many years,
but are now receiving due attention, with special consider-
ation given to the degree of homozygosity in identifying ge-
netic outcomes. Consanguinity is expected to have a great-
er impact on the etiology of complex diseases, particularly
when rare autosomal recessive alleles are implicated [7]. In
a recent study, Al-Gazali et al reported that genetic and con-
genital disorders are more prevalent in Arab countries than in
non-Arab developed countries due to the high consanguinity
rate (25-60%) [8]. However, the reported prevalence of con-
sanguinity in Saudi Arabia is particularly high, at 57% [9, 10].

Weill-Marchesani syndrome (WMS) is a rare genetic disorder first
described by Weill and then further delineated by Marchesani
more than 80 years ago [11-13]. The mode of inheritance can
be either autosomal dominant (AD), caused by homozygous
mutations within the FBN1 gene, or autosomal recessive (AR),
caused by homozygous mutations in the ADAMTS 10, ADAMTS 17,
or LTBP2 genes. Despite clinical homogeneity, AD and AR WMS
are genetically heterogeneous conditions [14-18].
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WMS is characterized by proportionate short stature; brachy-
dactyly; joint stiffness; ocular abnormalities, including micro-
spherophakia; shallow anterior chamber causing narrow-an-
gle glaucoma; ectopia lentis; and, occasionally, cardiac defects.
Rarely, retinitis pigmentosa has been presented [19], as have
peripheral irio-corneal adhesions [20,21]. Of note, people with
WMS may present with restricted mouth opening and may
have difficulty in intubation, laryngeal stenosis, and postoper-
ative laryngeal spasm that mandates careful preoperative as-
sessment [22]. Short stature and brachydactyly are universal
signs that manifest in almost all reported cases of WMS [15].
The relationship between short stature and WMS has received
much less attention than studies of adverse genetic or oph-
thalmic abnormalities. There is no report in the literature on
whether short stature in WMS is caused by a growth hormone
deficiency or whether these patients respond to growth hor-
mone therapy. In this article, we report a 9-year-old boy with
WMS and discuss the various clinical manifestations, genetic
testing, and treatment outcomes.

Case Report

A 9-year-old Saudi boy who had been born term, with appro-
priate birth weight (2.5 kg) following normal spontaneous de-
livery, had an unremarkable perinatal history except for neo-
natal jaundice due to G6PD deficiency that required several
days of phototherapy.

Since early childhood, however, he was a slow feeder and a
slow grower. At the age of 4, he presented with bilateral on
and off ocular pain that lasted for 2 years. On examination, he
was found to have bilateral narrow-angle glaucoma with the
following findings: very shallow anterior chamber, lens sublux-
ation, dense superficial punctate epithelial erosions through-
out both corneas, more in the right eye, and elevated intra-
ocular pressure (right eye, 26 mmHg; left eye, 27 mmHg). He
was treated with antiglaucomatous treatment, namely bri-
monidine eye drops, under close monitoring. Two years later
he developed poor vision and his intraocular pressure (IOP)
was still high in both eyes. He underwent bilateral lensecto-
my with anterior vitrectomy and scleral-fixated intraocular lens
(SF-10L) implantation under general anesthesia. One year lat-
er, he presented with a ruptured globe of the right eye with
visual acuity of 200/100, which required primary corneal lac-
eration repair under general anesthesia. Anti-glaucoma treat-
ment with brimonidine, timolol, and dorzolamide was contin-
ued. At 1-year follow-up, intraocular pressure had decreased
to 13 mmHg in the right eye and 12 mmHg in the left eye. His
best corrected visual acuity (BCVA) was 20/100 in the right
eye and 20/60 in the left eye. The cornea and lens were clear
in both eyes with shallow anterior chamber and no neovascu-
larization of the iris (NVI). Fundus examination showed high
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Figure 1. (A) Height of our patient at ages 7 years and 9 years plotted against height for 2- to 20-year-old males (CDC Growth Chart).
(B) Body mass index (BMI) of our patient at the age of 9 years plotted against BMI for 2- to 20-year-old males (CDC Growth
Chart). (C) Arm span minus height: -8.5 cm; arm span divided by height: 0.92.

myopia in both eyes, with a cup-to-disc (C/D) ratio of 0.4 (nor-
mal <0.5). A general physical examination of the patient dem-
onstrated a prepubertal sexual maturity rating corresponding
to Tanner stage | and disproportionate short stature with ob-
vious dysmorphic features consistent with WMS. Growth pa-
rameters were as follows:

height: 103 c¢m (far below the third percentile; Z-score=-5.4);
weight: 16 kg (far below the third percentile; Z-score=-4.6);
body mass index: 15 kg/m? (24.5" percentile); growth veloci-
ty rate: 2 cm/year (SD=-2.5); height age: 4 years; mid-parental
height: 157.5 cm (0.35™ percentile; Z-score=-2.7); bone age:
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corresponding to 7.5 years of age (Greulich and Pyle Atlas of
bone age); estimated mature height: 60% (Greulich and Pyle
Atlas of Bone Age); predicted adult height: 137 cm (Bayley and
Pinneau method); upper segment (US): 55 cm; lower segment
(LS): 48 cm; US/LS: 1.14 (SD=+2); arm span (AS): 94.5 cm; AS
minus height (94.5-103): -8.5 (more than 2 standard devia-
tions below the mean) (Figure 1A-1C).

The child, who wears eyeglasses, showed characteristic fa-
cial dysmorphisms in the form of a narrow palpebral fissure,
long eyelashes, facial hypertrichosis, a wide depressed nasal
bridge, and thin upper lips. Skeletal manifestations included
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Figure 2. (A) Frontal and lateral photograph of the patient with WMS. (B) Photograph of the hand of the WMS patient showing short
hands and stubby fingers (brachydactyly), as well as curvature of the fourth and little fingers (clinodactyly). (C) Photograph
of the foot of the patient with WMS showing short toes and overlapping second and third toes. WMS — Weill-Marchesani
syndrome.

disproportionate severe short stature (short limbs), brachydac-
tyly (broad short fingers and toes), and clinodactyly, with an
overlap of the second and third toes bilaterally. He had broad
hands, joint stiffness, and a wide carrying angle of the elbow
(Figure 2A-2C). The skeletal survey revealed a small middle
phalanx of the little finger, causing a shortening of the little
finger (Figure 3). Cardiac auscultation revealed no murmur and
normal cardiac sounds.

There was no developmental delay, he had normal cognitive
functioning, and his school performance was excellent.

The parents of the patient were both healthy, but both were
carriers of the same pathogenic variant of the disease. The fa-
ther was short (156 cm; 0.19%, Z-score: -2.89), with small feet
and hands, but had normal intelligence. The mother’s height
was 146 cm (0.39%, Z-score: -2.66). The patient had 2 healthy
sisters with normal growth and intelligence. He had 2 affected
cousins with similar presentations to his own. Both were di-
agnosed with the same pathogenic variant in the ADAMTS10
gene (Figure 4).

A likely pathogenic variant in the ADAMTS 10 gene, c2050C>T .
p(Arg684*) had been previously detected in a homozygous Figure 3. Frontal left-hand radiograph showing small middle
state in a relative of the patient. Through targeted genetic test- phalanx of the little finger causing shortening and
ing in the patient, the same familial variant in the ADAMTS 10 curvature of the little finger.
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Figure 4. Pedigree of the family with Weill-Marchesani syndrome including 3 generations.

gene, c2050C>T p(Arg684*), was detected, also in a homozy-
gous state. This mutation creates a premature stop codon that
is classified as likely pathogenic (class 2) according to the rec-
ommendation of Centogene, LLC (Cambridge, MA, USA) and the
American College of Medical Genetics. It is consistent with the
genetic diagnosis of Weill-Marchesani syndrome type 1, which
is inherited in an autosomal recessive manner.

Laboratory test results were normal, including thyroid func-
tion and celiac screening, echocardiogram was unremarkable,
and growth hormone provocation tests showed a subnormal
response with a peak of 7.8 ng/mL and a normal serum cor-
tisol level.

Discussion

Weill-Marchesani syndrome is a rare connective tissue disorder
caused by defects in multiple genes. Four types of WMS have
been described. A homozygous mutation in the ADAMTS10 gene
causes type I; a mutation in FBN1 causes type Il; a mutation
in LTBP2 causes type lll; and type IV is caused by a mutation
in ADAMTS17. Types |, Ill, and IV are inherited in an autoso-
mal recessive manner, while type Il is dominant [14,16,18,23].
Regardless of the mode of inheritance and genetic heterogene-
ity, the majority of affected children have similar clinical man-
ifestations [23]. The clinical features in our case are similar to
those presented in the literature except for the short stature,
which was disproportionate.
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Faivre et al described the clinical manifestations occurring in
WMS based on 128 observations of WMS from 63 families.
The characteristic features were as follows: Ophthalmological
features included microspherophakia (84%), ectopia lentis
(73%), myopia (94%), glaucoma (80%), and cataract (23%).
Skeletal manifestations included short stature (98%), brachy-
dactyly (98%), and joint restriction (62%). Other manifesta-
tions included cardiac abnormalities (24%) and mental retar-
dation (13%) [15].

In the present case, the child had bilateral glaucoma since
the age of 2 years, which was thought to be congenital and
was treated supportively. However, later supportive treatment
failed to control the high IOP, and then he was treated with
lensectomy plus anterior vitrectomy and SF-IOL implantation
in both eyes. Glaucoma management poses a great challenge
in patients with WMS, as they have a high incidence of recur-
rent glaucoma, which may lead to angle adhesion and trabec-
ular meshwork damage, resulting in chronically elevated 0P
[21,24]. Sirisha et al, in a recent study, reported that half of all
patients with glaucoma require surgical intervention and that
trabeculectomy has moderate success. Moreover, one should
be cautious before trabeculectomy, especially in the presence
of lens subluxation, as a shallow anterior chamber or malig-
nant glaucoma may develop [25]. Laser iridotomy has been
performed as a treatment option, but it does not necessarily
halt the disease progression and surgical removal of the lens
may ultimately be necessary [26]. Although the child present-
ed after one year with a ruptured globe of the right eye re-
quiring immediate surgery and corneal laceration repair, his
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condition was successfully controlled with lensectomy and SF-
IOL implantation in both eyes plus drug treatment.

The child was noted as short with broad hands and short fin-
gers and toes. He had a disproportionate short stature caused
by short legs, as indicated by the ratio between the upper and
lower segments, which was 1.14. The trunk to long bones ra-
tio was also disproportionate, as objectified by the arm span
to height ratio, which was more than 2 standard deviations
below the mean [11].

Initial assessment of a short child should include accurate mea-
surement of height, weight, and estimation of growth veloc-
ity plotted on the appropriate chart. Calculation of the mid-
parenteral height and bone age is required to estimate target
adult height. Ratios of upper body segment to lower body
segment and arm span to height are helpful in determining
whether the short child has proportionate or disproportion-
ate body proportions.

Disproportions may be due to discrepancies between the limbs
and trunk or between specific limb segments. Disproportionate
shortening of the proximal limbs (humerus and femur) causes
rhizomelia, whereas disproportionate shortening of the middle
parts of the limbs (radius/ulna and tibia/fibula) results in mezo-
melia. Acromelia results from disproportionately shortened distal
limbs (hands and feet). Thus, evaluation for disproportionality
provides important information to help narrow the differen-
tial diagnosis, including the possibility of skeletal dysplasia [4].

A provocative growth hormone test is indicated when a child
has severe short stature, defined as a height more than 3
standards deviations below the mean, a height more than 1.5
standard deviations below the mid-parental height, a height
that is more than 2 standard deviations below the mean plus
a height velocity over one year that is more than 1 standard
deviation below the mean for children under 2 years of age
or a decrease in relative height of more than 0.5 standard de-
viations over 1 year for children over 2 years of age [2,4]. In
the absence of short stature, a height velocity greater than 2
standard deviations below the mean over one year, or greater
than -1.5 standard deviations over 2 years often mandates pi-
tuitary assessment of growth hormone production [4].

In the present case, the child had severe short stature with a
height more than 3 standard deviations below the mean with
a Z-score of -5.4, and his growth velocity was 2 cm/year (-2.5
standard deviations). This is considered a slow-velocity rate
and alone is indicative of the need for growth evaluation [27].
His estimated mature height was 60% of the average adult
height, his predicted adult height was 137 cm, and there was
no significant bone delay as the bone age was 7.5 years; with-
in 2.5 standard deviations from chronological age. A patient’s
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bone age is considered delayed when it is 2.5 standard de-
viations from the mean.

It is difficult to assess pituitary growth hormone (GH) produc-
tion, because GH secretion is pulsatile, and its surge occurs
at the point of slow-wave EEG rhythms during phases 3 and
4 of sleep. Thus, measurement of random serum GH is there-
fore useless in diagnosing GH deficiency. Instead, physiologi-
cal (such as exercise or fasting) and pharmacological (such as
levodopa, clonidine, glucagon, propranolol, arginine, or insulin)
stimuli are used to assess GH production [2,4,28]. Provocative
GH testing has several pitfalls. However, to improve specifici-
ty, these provocative tests are performed in the fasting state
and the child must fail 2 different tests to be diagnosed with
growth hormone deficiency (GHD) [28].

There is no precise cutoff, but a peak GH concentration of
20 mU/L (10 ng/mL) excludes GHD, and GHD is confirmed
when the peak is <7.5 mU/L (3 ng/mL). Partial GHD can be de-
fined as a peak GH concentration of >7.5 mU/L but <15 mU/L
(3-10 ng/mL) [29].

Our patient had a subnormal response to provocative growth
hormone tests (peak GH 7.89 ng/mL) using 2 pharmacological
stimuli (glucagon and clonidine). Although priming with go-
nadal steroids is recommended in children older than 8 years
and classified as Tanner stage <2, we did not perform it in
this case because the patient was prepubertal and his skele-
tal age was 7 years.

Globally, malnutrition is the most common cause of poor
growth, with insufficient dietary intake often linked to food
insecurity and poverty [4]. As presented in this case, the pa-
tient’s weight was far below the third percentile, although no
apparent cause was identified, as his food intake was adequate.

However, within this clinical area, evidence for the efficacy of
growth hormone treatment in WMS is lacking. Because the par-
ents were very concerned about his stature, we offered him
a trial of growth hormone treatment, and we will assess his
response. The present article provides a comparison between
the presented case and genetic variants in the ADAMTS10
gene, which have been reported in the previous literature to
act as mutations.

The present case was similar in clinical features to previously
reported cases, except for the disproportionate stature [15].
Also, here, we report the familial genetic variant; we describe
a homozygous mutation in ADAMTS10 in the consanguine-
ous Saudi family. This highlights the variability of the disease
genotype and emphasizes the importance of offering genet-
ic counseling, including preimplantation genetic diagnosis, to
the families.
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Conclusions

Weill-Marchesani Syndrome is caused by homozygous patho-
genic variants in the ADAMTS10 gene, which should be con-
sidered in the differential diagnosis of children with short
stature, whether it is proportional or disproportional short stat-
ure associated with ophthalmic disorders, especially in areas
with a high prevalence of consanguinity such as Saudi Arabia.
Management should involve a multidisciplinary team that in-
cludes several specialties. Glaucoma is the main presenting
symptom and the most difficult to treat. Drug treatment and
surgery are usually required to control intraocular pressure.
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