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Introduction

Aarskog syndrome or Aarskog-Scott syndrome (AAS), also 
called Faciodigitogenital syndrome, was first described in 
1970 (1). It is characterized by abnormal facial features 
(hypertelorism, wide philtrum, round face), short stature, 
genital anomalies, and skeletal dysplasia. There are two to 
three new patients with a proven mutation in the FGD1 
gene are diagnosed every year, with estimated incidence at 
around 1/25,000 (2). The growth defects associated with 
AAS may be present prenatally, and 35% of infants with 
AAS do not survive their first year due to feeding difficulties 
and reflux esophagitis. Early signs of mild growth defects 
appear between ages 1–3, and clinical symptoms became 

more obvious with age. At present, the disease can only be 
treated symptomatically.

The clinical manifestations of AAS are very complex, 
involving almost all systems of the body, with phenotypes 
and severity varying greatly among individuals (3). 
Currently, it remains difficult to obtain a definitive clinical 
diagnosis of ASS due to this complexity. At present, clinical 
diagnoses do not adequately differentiate AAS from several 
other congenital diseases such as autosomal dominant 
inherited forms of Robinow syndrome, Noonan syndrome, 
pseudohypoparathyroidism, Silver-Russel, and SHORT 
syndrome (4). It is therefore essential to establish a fast and 
accurate diagnostic method.
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AAS is most commonly transmitted in an X-linked 
recessive manner through inheritance of the mutations in 
FGD1 (5). The FGD1 protein is a guanosine exchange factor, 
which activates the GTPase cell division control protein 
42 (Cdc42) by exchanging GDP for GTP; the activated 
Cdc42 in turn targets downstream intracellular signaling 
pathways that participate in development processes, such as 
bone development (6), or maintenance of the extracellular 
matrix (thereby affecting cell migration and vascular 
remodeling). Pathogenic mutations that cause loss of FGD1 
protein function can result in blocked Cdc42 signaling, and 
subsequently affect the development of bones and other 
tissues, ultimately leading to various clinical manifestations of 
AAS. AAS can also be inherited in an autosomal dominant or 
an autosomal recessive mode (7,8). Notably, different modes 
of inheritance have been reported even with one pedigree (9).

This study analyzed a case of AAS diagnosed in our 
hospital with the hemizygous mutation c.500delA in exon 3 
of FGD1 (transcript number: NM_004463.2). A review of 
the literature confirmed that this pathogenic AAS-causative 
mutation has not yet been reported.

We present the following case in accordance with the 
CARE reporting checklist (available at  http://dx.doi.
org/10.21037/tp-21-26).

Case presentation

The patient, an 11-year and 5-month-old boy, was admitted 

to the Capital Institute of Pediatrics due to complications 
associated with a previous orchiopexy for bilateral 
cryptorchidism. He was born with full-term delivery, birth 
weight 2,500 g, birth length 48 cm, and without suffocation 
after birth, and his parents are non-consanguineous. There 
is no family history of genetic disease, and both parents are 
in good health and have no special facial features. The father 
is 168 cm and the mother is 155 cm in height, respectively. 
Almost 5 years ago, the boy was found to have empty 
scrotum on both sides and testicles were not touchable. 
Orchiopexy for bilateral cryptorchidism was performed 
at the Second Hospital of Qinghai Province. Prior to the 
second surgery, the child was found the both testicles 
retreated and the left testicular atrophy. The right testicle 
can be touched on the right groin, with 2.7×0.9×0.8 cm  
approximately. The left atrophied testicle was on the left 
groin, which was difficulted to touch. The texture of the 
testicles on both sides was hard.

The boy’s body weight was 30 kg (<P3) and a height of 
133.8 cm (<P3, –3SD) at the time he was admitted to the 
hospital at age of 11. The patient exhibited several features 
characteristic of abnormal genital development, gonadal 
dysplasia, and clinical syndromes related to gonads. Notably, 
we observed round face, hypertelorism, broad nasal bridge and 
curved linear dimple below the lower lip (Figure 1A), a typical 
scrotal fold and repaired bilateral cryptorchidism (Figure 1B), 
as well as brachydactyly, joint laxity (Table 1), broad and flat 
feet, and finger joint hyperextensibility (Figure 2). Although 

Figure 1 Image of the clinical faciogenital abnormalities of the patient. (A) Picture of this reported patient showing facial abnormalities 
including round face, hypertelorism, broad nasal bridge, and curved linear dimple below the lower lip; (B) picture to demonstrate the 
genitourinary abnormalities including a typical scrotal fold and the repaired bilateral cryptorchidism.
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Table 1 The Beighton score of hypermobility

Description Scoring

Passive dorsiflexion of the fifth metacarpophalangeal joint to ≥90 degrees 2

Passive hyperextension of the elbow ≥10 degrees 2

Passive hyperextension of the knee ≥10 degrees 2

Passive apposition of the thumb to the flexor side of the forearm, while shoulder is flexed 90 degrees, elbow is 
extended, and hand is pronated

0

Forward flexion of the trunk, with the knees straight, so that the hand palms rest easily on the floor 1

Total 7

Not hypermobile [0–4]; increased mobility [5–6]; hypermobile [7–9].

Figure 2 Image of the clinical skeletal deformities of the patient. (A) Picture of both hands showing the hand deformities including 
brachydactyly, stubby phalange of this patient; and (B) picture of feet to demonstrate the foot deformities including broad and flat feet and 
finger joint hyperextensibility.

A B

the blood test results for the liver, kidney, blood glucose, 
or electrolytes were all in normal range, the results of 
six tests for sex hormones were in consistent with male 
hypergonadotropin hypogonadism’s characteristics with the 
decrease of testosterone and the increase of both follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) 
(Table 2).

This current study was approved by the Ethics Committee 

of the Children’s Hospital of Capital Institute of Pediatrics 
(No. SHERLL2019025) and informed consent was obtained 
from the patient’s parents. All procedures performed in 
studies involving human participants were in accordance 
with the ethical standards of the institutional and/or national 
research committee(s) and with the Helsinki Declaration (as 
revised in 2013).

Methods

WES and data analysis

Genomic DNA was extracted from blood samples provided 
by the patient and his parents to construct a genomic 
library. Then whole-exome probes were utilized for capture 
and enrichment, quality control of the enriched library, and 
sequencing with a high-throughput sequencer (Illumina). 
Sequencing data undergoes strict quality control, and 
sequence comparison was performed after confirming that 
it was qualified. Then GATK software was used to detect 
variant sites (10). Based on self-developed software, public 

Table 2 The hormones results during the hospital visit

Hormones Value Normal range

LH 8.07 IU/L <7.8 IU/L

FSH 19.22 IU/L <4.6 IU/L

Prolactin 30.22 IU/L 4.6 IU/L

Estradiol 24.51 IU/L <127.5 IU/L

Progesterone <2.18 nmol/L <6.4×105 nmol/L

Testosterone <11.8 nmol/L <2.37×106 nmol/L

LH, luteinizing hormone; FSH, follicle-stimulating hormone.
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databases such as Clinvar, ExAC, 1000Genome, Human 
Gene Mutation Database (HGMD), and self-built Chinese 
local database were called for functional annotation. 
The variants were graded according to the guidelines of 
American College of Medical Genetics and Genomics 
(ACMG) during the annotation process.

Sanger sequencing

The FGD1 primers were designed by using UCSC 
ExonPrimer online software (http://genome.ucsc.edu/
index.html) (11). The primers for exon 3 of the FGD1 gene 
were: Forward, 5'-TTGGCTGTGGCAACATGACT-3' 
and reverse, 5'-CCATGTTAGCCAGGCTCAAATC-3'. 
Polymerase chain reaction (PCR) was used to amplify 
both the exons and exon-intron boundaries. ABI3730XL 
sequencer was used for DNA sequencing (Applied 
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), and then analyzed with Mutation Surveyor® DNA 
Variant Analysis Software (version 4.0.4; SoftGenetics, 
LLC) (12).

In silico analysis of the function of the identified variant

To evaluate the pathogenicity of the variant in the FGD1 
gene, we used some tools in silico to analyze it. MultAlin 
online software was used to analyze the function of the 

identified variant, which was used to indicate species 
conservation analysis. Since the PSIPRED (PSI-blast based 
secondary structure prediction) 4.0.1 server is a rigorous 
cross-validation technique evaluation method that simply 
and accurately predicts protein secondary structure (13), it 
was used in current study to define the related sequences 
and constrict a position-specific scoring matrix. To generate 
the sequence profile, the PSI-BLAST was performed and 
then normalized by PSIPRED. The prediction of an initial 
secondary structure was made by first neural network, and 
then a second neural network was used to filter the structure 
predicted by the first network. And then, PSIPRED was 
used to predict the secondary structure with the highest 
score.

Results

Results of the WES

The FGD1 gene (transcript number: NM_004463.2) of this 
patient has a hemizygous mutation of c.500delA in exon 3 
(the 500th nucleotide A in the coding region of the FGD1 
gene is deleted), which leads the frameshift variant occurred 
after tyrosine at position 167 (p.Y167fs).

Results of Sanger sequencing

The subsequent Sanger sequencing confirmed the presence 
of this variant in the patient. Besides, Sanger sequencing 
results revealed that the patient’s mother, but not the father, 
to be heterozygous for the same mutation (Figure 3).

Analysis of the function of the identified variant

Results from the sequence alignment analysis indicated 
that the amino acid was highly evolutionarily conserved 
after codon 167 across species ranging from Homo sapiens 
to Mus musculus (Figure 4). This frameshift deletion is 
predicted to shift the reading frame in a way that translates 
to 47 erroneous amino acids followed by a premature 
stop codon at position 213 (Figure 5). This suggests that 
the p.Y167fs completely destroyed the primary structure 
of FGD1, which was very rarely found in the general 
population. We compared the secondary structures 
of normal and mutant proteins using computer-based 
calculations. This frameshift mutation resulted in the 
conversion of the α-helix (pink cylinder) in the wild type 
protein to a random coil and changed the length of the 

Figure 3 Verification of the c.500delA variant in the FGD1 gene. 
Sanger sequencing results showing that the patient has hemizygous 
for c.500delA (top), and also a heterozygote of the locus was 
detected in the patient’s mother (middle), but not in his father 
(bottom).

c.500delA (p.Y167fs)
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Figure 4 Amino acid sequence alignment of FGD1 from different species. The orange triangle indicates the mutation initiation.

Highly conserved

Conserved
Mutation start

Mutated sequence

Figure 5 Structural analysis of the variant. (A) Secondary structure prediction of FGD1 by PSIPRED 4.0.1. The straight line represents 
a coil, and the pink box represents an α-helix; (B) modeling of the secondary structure of FGD1 p.Y167fs. The orange arrow indicates the 
mutation initiation. p.Y167fs may change the length of the α-helix.

A

B
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α-helix (Figure 5). The p.Y167 frameshift mutation changed 
the structural stability of the α-helix and therefore disrupted 
the normal protein structure.

Discussion

Although mutations in the FGD1 gene are so far the only 
identified genetic cause of AAS, only about 20% of Aarskog 
families have been found to carry pathogenic mutations in 
FGD1 located in Xp11.21 (14). Thus, there are currently 
less than 100 children with definite genetic diagnoses of 
AAS worldwide. A search of PubMed showed that only 
37 relevant mutations, all associated with AAS, have been 
confirmed using molecular testing according to the HGMD 
(see Table 3).

The c.500delA mutation of FGD1 identified in this 
patient is hemizygous, thus conforming to the X-linked 
recessive inheritance mode of AAS. Moreover, although 
no study has yet reported this mutation as a cause of AAS, 
other, similar frameshift mutations in FGD1 are recorded 
in the clinVar database, including the pathogenic or likely 
pathogenic mutations at amino acid residues 176, 177, 298, 
316, 705, and 713 (all of which occur after Tyr167). This 
mutation appears to be extremely rare, and no records of its 
occurrence are found in the ExAC or Thousand Genomes 
Databases.

By performing sequence alignment analysis, our 
results demonstrated that the amino acids were highly 
evolutionarily conserved in the highly conserved region 
after the codon 167, indicating a possibility of important 
function. The frameshift deletion from this patient shifted 
the reading frame which translates to 47 erroneous amino 
acids followed by a premature stop codon, which completely 
destroyed the primary structure of FGD1. In addition, 
the secondary structure of the FGD1 protein suggested 
that the frameshift mutations resulted in the conversion 
of the α-helix to a random coil and changed the length of 
the α-helix, leading to a change in the structural stability 
of the α-helix and therefore impaired the normal protein 
structure. The damage in the secondary structure changed 
in the RhoGEF gene domain and ultimately influenced 
the function of the FGD1 protein, which means that it is 
a disease-causing variant. Based on the above evidence, 
and according to the ACMG guidelines, the grade of the 
mutation is confirmed as a pathogenic variant. Pedigree 
validation indicated that the c.500delA mutation was 
maternally inherited, while the father’s single copy of FGD1 
showed no c.500delA mutation.

Due to this pattern of X-linked inheritance, AAS patients 
are most frequently male, and the clinical manifestations 
of facial abnormalities, skeletal deformities, and abnormal 
external genitalia comprise a characteristic triad of diagnostic 
features (2). AAS can also affect neurodevelopment, and some 
children may be accompanied by mild intellectual disability 
and attention deficit hyperactivity disorder, requiring 
intervention under the guidance of a neurologist (15,16). 
Failure-to-thrive is a common cause of treatment for this 
disease. The growth hormone stimulation test is often normal 
in children with AAS, but patients could show delayed 
puberty (17). Here, we are reporting a clinic case with the 
molecular analysis from a patient with AAS and his family 
reveals that a novel FGD1 mutation causes the repaired 
bilateral cryptorchidism associated with hypogonadism. 
The hormone examination results are consistent with male 
hypergonadotropin hypogonadism’s characteristics with the 
decrease of testosterone and the increase of both FSH and 
LH. The anomalies of the testis and hormone  levels are 
severe, and may lead to probability of infertility (18). The 
clinical features accompanied this case, notably the short 
stature (<P3, –3SD) and faciogenital dysplasia, such as round 
face, hypertelorism, typical scrotal fold, and joint laxity, 
strongly suggested the AAS diagnostic triad.

Orrico et al. identified 24 cases of pathogenic mutations 
in a family study covering 110 suspected cases of the disease, 
with a detection rate of 21.8% (19). This low detection 
rate may also be at least partially attributable to the high 
similarity in clinical manifestations between AAS and 
several other syndromes. As prenatal diagnostic techniques 
improve, so should the timeliness of intervention for many 
genetic diseases with poor prognosis. However, AAS differs 
from other serious or fatal congenital diseases in that the 
clinical manifestations caused by mutations in FGD1 can be 
highly heterogeneous, even within a single family. Given 
this heterogeneity and subsequent unpredictability of later 
clinical symptoms, this disease can only be treated through 
a multidisciplinary cooperative symptom-based approach. 
Hypospadias, inguinal or umbilical hernias, cryptorchidism, 
and severe craniofacial deformities can be resolved by 
surgery. By contrast, the therapeutic effects of growth 
hormone have only been reported in preliminary studies, 
though the apparently positive effects on body development 
and final height are promising (20). However, due to the 
low number of cases and the lack of randomized controlled 
studies, more data on the effects of these treatments in 
children are needed to draw reliable conclusions.

Thus, our study shows that frameshifts disrupting 
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Table 3 Description of the FGD1 mutations in AAS patients reported

Types of variants Nucleotide change Protein change Variant class Reference

Missense/ 
nonsense

c.175C>T p.Q59* DM Pilozzi-Edmonds et al., 2011

c.614G>T p.S205I DM Orrico et al., 2004

c.1139A>C p.E380A DM Orrico et al., 2004

c.1138G>T p.E380* DM Pérez-Coria et al., 2015

c.1171A>G p.R391G DM Dillon et al., 2018

c.1205G>A p.R402Q DM Orrico et al., 2010

c.1204C>T p.R402W DM Verhoeven et al., 2012

c.1270A>G p.N424D DM Ge et al., 2017

c.1328G>A p.R443H DM Orrico et al., 2004

c.1328G>T p.R443L DM Kaname et al., 2006

c.1340G>A p.W447* DM Niida et al., 2015

c.1341G>A p.W447* DM Al-Semari et al., 2013

c.1396A>G p.M466V DM Bottani et al., 2007

c.1468C>T p.Q490* DM Völter et al., 2014

c.1546C>G p.P516A DM Hauer et al., 2018

c.1565G>A p.R522H DM Schwartz et al., 2000

c.1590T>A p.Y530* DM Orrico et al., 2010/Xiong et al., 2015

c.1673C>G p.S558W DM Orrico et al., 2010

c.1829G>A p.R610Q DM Orrico et al., 2000

c.1966C>T p.R656* DM Orrico et al., 2010/Xiong et al., 2015

c.1990C>T p.Q664* DM Pérez-Coria et al., 2015

c.2221G>T p.E741* DM Kaname et al., 2006/Xiong et al., 2015

c.2242A>G p.K748E DM Orrico et al., 2010

c.2761C>T p.R921* DM Griffin et al., 2016

Small deletions c.53delC p.(Pro18Argfs*106) DM Hamzeh et al., 2017

c.527delC p.(Pro176Hisfs*39) DM? Posey et al., 2017

c.806delC p.(Ala269Valfs*91) DM Orrico et al., 2010

c.982delC p.(His328Thrfs*32) DM Orrico et al., 2004

c.1318_1321delCTAG p.(Leu440Argfs*31) DM Orrico et al., 2004

c.1620delC p.(Asp540Glufs*11) DM Orrico et al., 2010

c.2026_2028delGAG p.(Glu676del) DM Orrico et al., 2010

c.2192delA p.(Lys731Argfs*132) DM Shalev et al., 2006

c.2530delG p.(Val844Trpfs*19) DM Orrico et al., 2004

Small insertions c.527dupC p.(Leu177Thrfs*40) DM Orrico et al., 2004

c.892dupT p.(Cys298Leufs*5) DM White et al., 2018

c.944dupC p.(Ala316Cysfs*4) DM Orrico et al., 2007

c.1392dupC p.(Lys465Glnfs*5) DM Pasteris et al., 1994

AAS, Aarskog-Scott syndrome; DM, disease mutation.
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the RhoGEF gene domain of FGD1 represent the most 
prevalent causal mutations underlying AAS and expand 
the phenotypic and mutational spectra of this disease. 
Improved understanding of the phenotypic and pathological 
heterogeneity accompanying FGD1  mutation can 
significantly enhance the clinical prognostic capabilities in 
the future and aid genetic counseling for AAS patients.
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