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Introduction

Xq22.3-q23 microdeletion is a rare genomic disorder, which 

encompasses the entire COL4A5 gene and its adjacent 

genes extending towards the telomere, including GUCY2F, 

NXT2, KCNE1L, ACSL4, TMEM164, MIR3978, AMMECR1, 

SNORD96B, RGAG1, TDGF3, CHRDL1, PAK3 and DCX (1). 

Deletions in this region may present with Alport syndrome, 

with intellectual disability, midface hypoplasia and 
elliptocytosis (AMME, MIM 300194), growth retardation, 
language delay, and alterations of bones, heart and eyes. 
The differences in phenotype are probably associated with 
the location and size of the deletion, which may include 
different genes. With array CGH technology, more patients 
with Xq microdeletion have been reported. To date, about 11 
families and 21 patients with microdeletion at Xq22.3-q23 
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Abstract
Xq22.3-q23 microdeletion is a rare genomic disorder. The purpose of this study was to emphasize the correlation between clinical 
phenotype and genotype of proximal deletion on chromosome Xq22.3-q23. A 5 years old boy had a 671 KB microdeletion on Xq23 
by chromosomal microarray analysis, including AMMECR1 and CHRDL1 genes. He presented with microsomia, midface hypoplasia, 
right kidney dysplasia and mildly motor retardation, which have not previously been reported in relation to Xq23 deletion. To the 
best of our knowledge, this is the first case with Xq23 microdeletion. A total of nine cases with microdeletion at Xq22.3-q23 affecting 
AMMECR1 and two cases with CHRDL1 mutation were reviewed. This review showed that Xq23 microdeletion with microsomia, 
midface hypoplasia, kidney dysplasia, and mild motor retardation was rare. The previous literature showed two novel point mutations in 
AMMECR1 and CHRDL1 with some phenotype difference from the presented case. Xq23 microdeletion should be considered for patients 
with microsomia, midface hypoplasia, kidney dysplasia and growth retardation.
Keywords: Xq23 microdeletion, midface hypoplasia, kidney dysplasia, growth retardation

What is already known on this topic?
Deletions in Xq22.3-q23 region may result in Alport syndrome, with intellectual disability, midface hypoplasia and elliptocytosis 
(AMME, MIM 300194), growth retardation, language delay, and alterations of bones, heart and eyes. Disorders affecting AMMECR1 can 
cause midface hypoplasia, elliptocytosis, language disorder including early speech or language delay, infantile hypotonia, hearing loss, 
nephrocalcinosis and submucous cleft palate, as well as short stature, cardiac and skeletal abnormalities. Another gene, CHRDL1, has 
been identified as the causative gene of X-linked megalocornea (MGC1; MIM 309300), which is associated with distinctive secondary 
changes in the posterior crocodile shagreen and corneal arcus juvenilis.

What this study adds?
We report a boy with Xq23 microdeletion, which involved both the AMMECR1 and CHRDL1 genes who presented with microsomia, 
midface hypoplasia, kidney dysplasia, growth retardation and some alterations of bones and heart. Furthermore, patients with Xq23 
microdeletion or a deletion overlapping these genes partially, was reviewed to highlight the rare condition and analyze the genotype-
phenotype correlations.
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have been reported. However, only two have been reported 
when the microdeletion has affected the AMMECR1 (MIM 
300990) and Chordin-like 1 (CHRDL1 MIM 300350) genes, 
respectively. AMMECR1 maps within the AMME complex 
interval (2). Disorder of this gene can cause midface 
hypoplasia, elliptocytosis, language disorder including early 
speech or language delay, infantile hypotonia, hearing loss, 
nephrocalcinosis and submucous cleft palate. In addition, 
AMMECR1 is also associated with short stature, cardiac and 
skeletal abnormalities (2). CHRDL1 has been identified as 
the causative gene of X-linked megalocornea (MGC1; MIM 
309300), which is associated with distinctive secondary 
changes in the posterior crocodile shagreen and corneal 
arcus juvenilis (3).

Herein, we report a patient with Xq23 microdeletion, which 
involved both the AMMECR1 and CHRDL1 genes who 
presented with microsomia, midface hypoplasia, kidney 
dysplasia, growth retardation and some alterations of bones 
and heart. Furthermore, patients with Xq23 microdeletion 
or a deletion overlapping these genes partially, was reviewed 
to highlight the rare condition and analyze the genotype-
phenotype correlations.

Case Report

A 5-year-old boy presented to our clinic for developmental 
delay with mildly motor retardation for 5 years. He 
weighed 3.3 kg at birth without any suspicion of 
asphyxia. At presentation he was Tanner stage G2P2 of 
nonconsanguineous, healthy parents. Antenatal screening 
implied right renal dysplasia and regular postpartum re-
examination confirmed the diagnosis. Growth retardation 
with short stature were noted after birth. He was able to sit 
at the age of 9 months and walk at the age of 19 months. He 

could use simple words, such as “mum”, at about 11 months 
but still stuttered. His right kidney was surgically removed 
at the aged of 3 years 8 months. During the operation, thin 
right ureter and multiple cysts in the left kidney were noted. 
Electrocardiogram and cardiac ultrasound examination 
showed type B pre-excitation syndrome and acleistocardia 
(Φ 0.27 cm). Chest X-ray revealed no obvious abnormality 
of cardiopulmonary structures or diaphragm. Abdominal 
ultrasound scan did not show any abnormality of the liver, 
gallbladder or spleen. His father and mother were 163 cm 
and 153 cm, respectively while his 8 year-old sister was 
also growing slowly [about 123 cm, <-1 standard deviation 
(SD)]. There was no family history of hereditary disease in 
the patient’s family. 

On physical examination, his height was 99.3 cm (<-2 SD). 
In addition, he had characteristic features, comprising flat 
facial profile, mildly epicanthic folds, downslanting palpebral 
fissures, flat nasal bridge, bulbous nose, smaller left cheek, 
and slightly asymmetrical nasolabial sulcus (Figure 1A). A 
flat lateral top of the skull, occipital protuberance, low-set 
ears, low hairline and short neck were also noted (Figure 1B). 
In addition, malpositioned teeth and bilateral clinodactyly 
of the fifth finger were also noted (Figure 1C). However, his 
intelligence was normal. 

Laboratory examination of thyroid, liver and kidney function, 
gas chromatography/mass spectrometry for blood were 
regular or negative. X-ray scan showed seven ossification 
centers in the right-hand carpal bones. Chromosomal 
microarray analysis found a 671 KB microdeletion located 
at Xq23, which involved both the AMMECR1 and CHRDL1 
genes (Figure 2). Unfortunately, the parents refused to 
perform further genetic testing.

We reviewed the literature in English (PubMed and 
OMIM database) and Chinese. A total of nine cases with 

Figure 1. Clinical photographs of the current case. (A) Flat facial profile, mildly epicanthic folds, downslanting palpebral fissures, flat 
nasal bridge, bulbous nose, and short neck. The left cheek is smaller than the right cheek, and there is a slightly asymmetry of the 
nasolabial sulcus. (B) Flat lateral top of the skull, occipital protuberance, low-set ears and low hairline. (C) Clinodactyly of the fifth 
finger
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microdeletion at Xq22.3-q23 involving the AMMECR1 gene 
and two cases with CHRDL1 mutation were founded. The 
clinical features of all reported cases are shown in Table 1. 

Discussion

We found a 671 KB microdeletion located at Xq23, 
which involved both the AMMECR1 and CHRDL1 genes. 
Although Xq22.3-q23 microdeletion has been reported, 
to our knowledge, this is the first case only with Xq23 
microdeletion. Literature describing disorders associated 
with AMMECR1 is also rare. The description and name of 
the gene (Alport syndrome, mental retardation, midface 
hypoplasia and elliptocytosis chromosomal region gene 1) 
is derived from its cytogenic location within Xq22.3-q23 
and its previous association with a very peculiar contiguous 
gene deletion syndrome, originally named AMME (Alport 
syndrome, mental retardation, midface hypoplasia and 
eliptocytosis). A deletion including COL4A5 (Xq22.3) 
extending proximally to include AMMECR1 which was 
first named AMME (4). However, the biological function 
of AMMECR1 remains unclear. It was reported to code 
a protein that has a putative nuclear localization signal 
and may, therefore, encode a factor that regulates 
transcription (5). Besides, a 250 KB deletion on Xq23 
that involved the CHRDL1 gene and segregated with the 
affected phenotype in the affected individual’s family, 
these authors described an inherited congenital disorder 
which was named MGC1. This gene encodes ventroptin, 
a bone morphogenic protein antagonist, with a proposed 
role in specification of topographic retinotectal projections 

and CHRDL1 is differentially expressed in the human fetal 
brain, with high expression in cerebellum and neocortex 
(6).

Similar to two previously reported cases with the same 
mutation at Xq22.3-q23 of the AMMECR1 gene by Andreoletti 
et al. (1) the current case presented with microsomia, right 
kidney dysplasia, mild motor retardation, spoke early but 
with a stutter, had midface hypoplasia including flat facial 
profile, mildly epicanthic folds, downslanting palpebral 
fissures, flat nasal bridge, bulbous nose, and a short neck. 
This implies that in patients with growth retardation, 
midface hypoplasia, kidney dysplasia, motor retardation, 
and language disorder, as well as alteration of bones and 
heart, Xq23 microdeletion should be considered. 

Comparing the phenotype of the current patient with 
previous cases, we noted that the current case did not show 
mental retardation or hearing loss and showed a language 
disorder, which was noted in patients reported by Jonsson 
et al. (4). However, the current case also presented with 
bilateral clinodactyly of the fifth finger, cardiac and skeletal 
abnormalities but did not have elliptocytosis or hearing loss, 
which was noted in the two cases reported by Andreoletti 
et al. (1). These authors detailed varying degrees of hearing 
impairment but without skeletal abnormalities. However, 
the older brother of these two cases showed scattered 
elliptocytes and anisocytosis. It was remarkable that the 
current case presented with short stature, skeletal and 
cardiac abnormalities, similar to the five cases reported by 
Moysés-Oliveira et al. (2) but the previous reported patients 
also had hearing loss while the current case did not. This 

Figure 2. Chromosomal microarray analysis found one 671 KB microdeletion located at Xq23 that covered the AMMECR1 and 
CHRDL1 genes
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finding on our patient suggested the microdeletion of Xq23 
including AMMECR1 may not be directly related to mental 
retardation and hearing loss, but it has a direct impact on 
growth and development, leading to facial malformation 
and bone and heart alterations. Besides, the phenotype of 
kidney abnormalities may be related to AMMECR1, but the 
manifestations of renal pathology are different. Moreover, the 
current case did not present with megalocornea or other eye 
lesions that have been associated with mutation of CHRDL1 
gene (7). It was notable that the report of Davidson et al. (8) 
included global developmental delay, midface hypoplasia, 
walking at the age of 20 months and a need for speech 
therapy in patients with mutation of CHRDL1. Our patient 
did not have intellectual disability at assessment while that 
of Davidson et al. (8) had moderate intellectual disability 
at the age of 10 years. Of course, the current patient may 
develop mental retardation later. Thus, given the clinical 
findings in the current case, microdeletion of Xq23 involving 
CHRDL1 does not necessarily lead to X-linked megalocornea 
and intellectual disability. However, mutation of CHRDL1 
may lead to the above phenotypes. Besides, comparing the 
reports of Webb et al. (6) and Davidson et al. (8) with the 
current patient, we can hypothesize that megalocornea-
mental retardation (MMR syndrome), in some cases, may be 
di- or multi-genic, because the current patient did not show 
any ocular abnormality and mental retardation. The clinical 
features of Xq22 to Xq23 microdeletion appear to be varied, 
although development disability, facial malformation, renal 
abnormality, cardiac and bone alteration are prevalent 
among individuals with deletions across the Xq22.3-q23 
region. 

Conclusion

In summary, Xq23 microdeletion is a rare condition. In 
patients with growth retardation, midface hypoplasia, 
kidney dysplasia, motor retardation, and language disorder, 
as well as alteration of bones and cardiac morphology/
function, Xq23 microdeletion should be considered. A 
detailed family history, careful physical exam to identify 
distinctive clinical features and improved genetic diagnosis 
may directly benefit the patient by allowing management 
and counseling specific for the disorder (9).
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