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Abstract

BACKGROUND

Acromicric dysplasia (AD) is a rare skeletal dysplasia. Its incidence is < 1/1 000 000,
and only approximately 60 cases are reported worldwide. It is a disease characterized
by severe short stature, short hands and feet, facial abnormalities, normal intelligence,
and bone abnormalities. Unlike other skeletal dysplasia, AD has a mild clinical
phenotype, mainly characterized by short stature. Extensive endocrine examination has
not revealed a potential cause. The clinical effect of growth hormone therapy is still

uncertain.

CASE SUMMARY

We report a clinical phenotype of AD associated with mutations in the fibrillin 1 (FBN1)
(OMIM 102370) gene ¢.5183C>T (p. Ala1728Val) in three people from a Chinese family.
A 4-year-old member of the family first visited the hospital because of slow growth and
short stature for 2 years, but no abnormalities were found after a series of laboratory
tests, echocardiography, pituitary magnetic resonance imaging, and ophthalmological
examination. Recombinant human growth hormone (rhGH) was used to treat the
patient for > 5 years. The efficacy of thGH was apparent in the first year of treatment;
the height increased from -3.64 standard deviation score (SDS) to -2.88 SDS, while the
efficacy weakened from the second year. However, long-term follow-up is required to

clarify the efficacy of rhGH.

CONCLUSION
FBN1-related AD has genetic heterogeneity and/or clinical variability, which brings
challenges to the evaluation of clinical treatment. rhGH is effective for treatment of AD,

but long-term follow-up is needed to clarify the effect.

Key Words: Fibrillin 1; Gene; Acromicric dysplasia; Short stature; Recombinant human

growth hormone; Case report




Shen R, Feng JH, Yang SP. Acromicric dysplasia caused by a mutation of fibrillin 1 in a

family: A case report. World | Clin Cases 2023; In press

Core Tip: Acromicric dysplasia (AD) is a rare skeletal dysplasia, and its incidence is <1
in 1000 000. Here, we report a clinical phenotype of AD associated with mutations in
the FBN1 (OMIM 102370) gene c.5183C>T (p.Alal728Val) in three people from a
Chinese family. A 4-year-old boy was treated with recombinant human growth
hormone (rhGH) for > 5 years. The efficacy of thGH was clear in the first year of
treatment; his height increased from -3.64 standard deviation score (SDS) to -2.88 SDS,
while the efficacy weakened from the second year. However, long-term follow-up is

required to clarify the efficacy of rhGH.

ETRODUCTION

Geleophysic dysplasia (GD), acromicric dysplasia (AD), and Weill-Marchesani
syndrom MS) are all acrodysplasia syndromes caused by mutations in the FBN1
gene. AD is a rare heterogeneous skeletal dysplasia characterized by short stature, short
hands and feet, stiff joints, thickened skin, facial abnormalities, normal intelligence, and
skeletal abnormalities, with a prevalence of < 1 in 1000 000(*%3l. Although these
diseases are similar in physical features, each disease has its own unique clinical
phenotype. GD is characterized by happy facial features, progressive valvular heart
disease, progressive hepatomegaly, tracheal stenosis, and tiptoe gait. Although AD
shows similar characteristics as GD, AD usually does not manifest heart valve
abnormalities, hepatomegaly, tracheal stenosis, or eye diseaseltl. WMS is distinguished
from AD by ocular abnormalities, including lens myopia, lens ectopia, glaucoma, and
spherical lenses. In contrast to the genetic heterogeneity of GD and WMS, AD is caused
only by mutations in FBNI and is an autosomal dominant disorder!®l. Here, we report
the clinical phenotype and genetic characteristics of three cases of AD associated with a

mutation in the FBN1 (OMIM 102370) gene ¢.5183C>T (p. Alal728Val) in a Chinese




family, to enhance clinicians” understanding of the disease and to share the experience
of a young patient receiving long-term recombinant human growth hormone (rhGH)

therapy.

CASE PRESENTATION

Chief complaints

A 4-year-old boy presented with slow growth and short stature for 2 years.

History of present illness
Two years ago, the patient was found to have short stature, normal mental capacity,

liver enlargement, dyspnea, myopia, glaucoma, and other symptoms.

History of past illness
The patient was healthy in the past and had no history of skin, heart, lung, liver, kidney

or eye diseases.

Personal and family history

The patient was born in Zhejiang Province of China, of Han nationality. The patient was
e first birth of the second pregnancy, born by cesarean section at 40 wk’ gestation,

with a birth weight of 3500 g and length of 50 cm, and without a history of birth trauma

asphyxia at birth. In the family, the height of the father was 140 cm (< -5 standard

deviation score [SDS]) [l tall and the grandfather was 147 cm (< -4 SDS)l tall, the

mother and grandmother were of normal height, and neither parents nor grandparents

were consanguineous (Figure 1).

Physical examination
The patient was short (90.5 cm, < -3 SDS) (¢, with low weight (12,5 kg, < -2 SDS) [¢],
round face, stubby nose, forward-leaned nostrils, long eyelashes and thick lips (Figure

2A and B).




Laboratory examinations

There were no obvious abnormalities in sex hormones, insulin-like growth factor (IGF)-
1, IGF binding protein-3, thyroid function, biochemistry, trace elements, routine blood
tests, routine urine tests, growth hormone challenge tests, cardiac ultrasound, pituitary-

enhanced magnetic resonance imaging or karyotyping (550 bands, G bands).

Imaging examinations

Radiography showed delayed bone age (24 years) (Figure 3A). Plain pelvic
radiography showed a beak-like femur head (Figure 3B), and the lumbar lateral
radiograph showed lumbar lordosis (Figure 3C).

Further diagnostic work-up

The patient, his father and grandfather all showed significant familial short stature. We
suspected the possibility of hereditary short stature and recommended that the patient,
his parents and his grandfather underwent whole-exome sequencing. On October 17,
2019, whole-exome sequencing of the patient, his father and grandfather showed a
mutation of the FBN1 gene (OMIM 102370) ¢.5183C>T (p. Alal728Val), while whole-
exome sequencing of the patient’s mother showed no abnormalities. The pathogenicity
criteria of the mutation according to the American College of Medical Genetics and

Genomics, and the pathogenicity rating was likely pathogenic [71.

FINAL DIAGNOSIS

Combined with the patient’s medical history, physical examination and whole-exome

sequencing, the final diagnosis was AD.

TREATMENT
Before whole-exome sequencing, the initial diagnosis was idiopathic short stature. From

October 2016 to October 2019, rhGH at a dose of 0.12-0.15 IU/kg/d was used to treat




the patient. After whole-exome sequencing, the final diagnosis was AD. Although the
current case reports suggested that rhGH treatment had limited benefits on the final
height of the children, the parents requested to continue rhGH treatment after informed
consent was obtained. From October 2019 to present, rhGH at a dose of 0.15 IU/kg/d
was used to treat the patient (it was suspended from July 2021 to February 2022) (Figure
4).

OUTCOME AND FOLLOW-UP

The height at the beginning of treatment was 90.5 cm (-3.64 SDS), and the height after
treatment in the first year (October 2016 to September 2017) was 99.5 cm (-2.88 SDS).
Thus, the annual growth rate during the first year was 9.0 cm/year. The height after
treatment in the second year (October 2017 to September 2018) was 106 cm (-2.60 SDS);
thus, the annual growth rate during the second year was 6.5 cm/year. The height after
treatment in the third year (October 2018 to September 2019) was 110.5 cm (-2.80 SDS);
thus, the annual growth rate during the third year was 4.5 cm/year. The height after
treatment in the fourth year (October 2019 to September 2020) was 114.1 cm (-3.04 SDS);
thus, the annual growth rate during the fourth year was 3.6 cm/year. The height after
treatment in the fifth year (October 2020 to July 2021) was 117.1 cm (-3.09 SDS), yielding
an annual growth rate during the fifth year of 3.0 cm/year. Considering the poor
efficacy, it is recommended to stop rhGH treatment. After stopping thGH for 7 mo, the
height was 118.5 cm (-3.17 SDS) in February 2022; thus, the annual growth rate was 2.4
cm/year. The parents requested reuse of rhGH. Afterward, the height was 119.6 cm (-
3.20 SDS) in June 2022 and 121.7 cm (-3.11 SDS) in October 2022, indicating an annual
growth rate of 4.8 cm/year. To date, the patient has been treated and followed up for 6
years (Figure 4). The efficacy of rhGH treatment was clear in the first year, and the
height increased from -3.64 SDS to -2.88 SDS. However, the efficacy of the treatment
weakened from the second year. At the request of the parents, the patients would

continue to be treated with rhGH and be followed up.




ISCUSSION
In 1986, Maroteaux et all8l first described a novel type of osteodysplasia in six children
with short stature, short hands and feet, normal intelligence, mild facial deformities,
and hand X-ray abnormalities. They called the disease AD and could not clarify the
cause further because of the limitations of the genetic diagnostic technology at that
time.

In 1991, Dietz et all%! first identified the FBN1 gene as the causative gene of Marfan
syndrome (MS). In 2011, Le Goff C et all'V] found that the FBN1 gene was associated
with GD and AD autosomal dominant inheritance, which showed the opposite
phenotype of MS. Both AD and MS have FBNI1 gene mutations, so why do the two
diseases have opposite phenotypes? Mutations in FBN1 leading to MS exist throughout
the entire length of the gene (mainly in exon regions 13, 15, 24-28, 32 and 43)["1], while
FBN1 mutations that result in AD are mainly limited to the hotspot regions of exons 41
and 4251, These findings indicated that the clinical phenotype could be related to the
type and location of the gene variant.

In the 2015 revision of the classification of hereditary bone diseases, acral dysplasia
included 10 diseases, among which the FBN1 gene mutation causes AD, GD, and WMS,
and specific mutations in the FBN1 gene have been found in AD, GD and WMS patients
[1412] The FBN1 gene is located in the long arm of human chromosome 15 (15q15-q21.1)
and contains 66 exons, encoding a 2871-aa (350 kDa) structural protein called fibrillin
(FBN)1 [13l. FBN1 consists of 47 epidermal growth factor-like domains and seven
transforming growth factor (TGF)-p1-binding-protein-like domains('4l. FBN1 is the only
gene associated with AD that is inherited in an autosomal dominant manner/5l. The
FBN1 gene can participate in the TGF-p signaling pathway by regulating the
bioavailability and local activity of TGF-B, which is an important pathway for linear
growth regulation. AD and GD2 (ADAMTSLZ-negative)ére caused by TGF-f5 region
heterozygous missense mutations in the FBN1 gene, and disruption of TGF-f signaling

is a common underlying mechanism in different types of patients with acrodysplasiall>l.




In the present case, the patient’s father and grandfather all had mutations in the
FBN1 gene ¢.5183C>T (p. Alal728Val). This gene mutation was first found in a GD
patient with severe short stature and cardiac involvement!l!l. We reviewed three
previously reported AD cases associated with mutation of FBN1 (OMIM 102370) gene
c.5183C>T (p.Alal728Val). A Brazilian boy developed severe dwarfism at the age of 10
years and 2 mo (-3.9 SDS). He was born with normal birth length, his mother was short
at 131cm (-5 SDS), while his father and brothers were normal in height. Physical
examination found that fingers and palms were short. His nose bridge was wide, the
middle part of his nose was prominent, his lips were thick, and he had obvious genu
varus, but his gait was normal. No abnormality was found in endocrine examination.
The patient was diagnosed as idiopathic short stature and began to receive rhGH
treatment (50-66 mg/kg/d) according to experience, but the overall effect was poor(t3l.
An African-American girl born in the USA wag 107.5 cm (-4 SDS) tall at the age of 7
years. She was born at 37 weeks of gestation, with a birth length of only 43 cm (-2.3
SDS) and a birth weight of 2580 g (-0.9 SDS). The height of both parents was normal.
The physical examination found that the bridge of the nose was broad, and she had
slight osteoporosis, thick lips, small hands and feet, but no other abnormalities.
Endocrine examination was normal, and bone age was delayed by about 2 years. At the
age of 8 years and 9 mo, recombinant IGF-1 was administered according to experience,
and reached a maximum dose of 90 mg/kg/d. The growth rate increased significantly.
However, this growth acceleration was confused with early puberty development at the
age of 9 years and 1 mo. After the start of leuprorelin treaé‘nent, the growth rate
decreased to 4-5 cm/year before treatment. Treatment with recombinant IGF-1 was
stopped at the age of 9 years and 4 mol'>l. A 5 years and 7 mo old Chinese boy was 100.3
cm tall (< -3 SDS). The birth length was 49 cm. His father was 148.0 cm tall (< -4 SDS).
His mother was 160 cm tall. Physical examination showed that the hands were wide
and short, but there was no joint stiffness, and there were no abnormality in
cardiovascular, abdominal or endocrine examination. The X-ray examination showed

that the tubular bone of the hands were shortened and the femoral head was beaked![*3].




Although these cases had the same gene mutation site, the clinical phenotypes varied.
This site variant might be associated with the autosomal dominant AD (OMIM: 102370),
GD (OMIM: 614185) and WMS (OMIM: 608328)!1l. The three patients showed severe
short stature as the main manifestation, and none of them had hepatomegaly, heart
valve disease, joint stiffness or eye disease. Meanwhile, the disease condition was
milder compared with GD or WMS, neither the quality of the study or quality of life
was affected, and the adults are doing well in their professions; thus, all the clinical
conditions support the diagnosis of AD. The same mutation at the FBNI gene locus
could lead to a variety of different clinical phenotypes, and the discovery of multiple
phenotypes couyld help to conduct further research on the pathogenesis of the diseases.
GH therapy has not been widely used in patients with skeletal dysplasia because of
genetic heterogeneity and/or clinical variability, which pose challenges in assessing
treatment effectiveness. The efficacy of GH in the treatment of AD is still unclear. Faivre
et al [l reported one case of AD given rhGH treatment, but _there was no significant
effect on final height. Jin ef alll'7l found that a patient with AD received rhGH treatment
of 0.1 IU/kg/d for 3.5 years, and during treatmentd-lis growth rate remained at 5
cm/year, and his height was -2.23 SDS after 3.5 years. However, long-term follow-up is
needed to verify the effect of rhGH treatment. The effects of GH treatment in our
present case were similar to those in the patient just described. In oyr, case, the patient’s
height increased by 9.0 cm in the first year of rhGH treatment, 6.5 cm in the second
year, 4.5 cm in the third year, 3.6 cm in the fourth year, and 3 cm in the fifth year. In the
first year of treatment, the annual growth rate was 9.0 cm/year, and the height
increased from -3.64 SDS to -2.88 SDS, an increase of 0.76 SDS, suggesting that rhGH
therapy was effectivel'8]. In the patient's family, the height of the father was 140 cm (< -5
SDS) tall and the grandfather was 147 cm (< -4 SDS) tall. In the first 5 years of treatment,
the growth rate of the patient remained at 5.3 cm/year, and the height increased from -
3.64 SDS to -3.09 SDS. It seems that the treatment had some effect, and the first year was
the most significant. However, whether it would have a positive effect on the final

height remains unclear, and long-term follow-up observation is needed.




CONCLUSION

AD is a rare skeletal dysplasia and an autosomal dominant disease. FBN1 is the only
gene related to AD. FBNI-related acral dysplasia has genetic heterogeneity and/or
clinical variability, which brings challenges to the evaluation of clinical treatment. rhGH
therapy appears to have some effect on growth, but long-term follow-up is needed to

clarify the effect.
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