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Introduction

Antley-Bixler syndrome (ABS), first described by Antley 
and Bixler in 1975, is a rare skeletal malformation  
syndrome (1). The most characteristic clinical features of ABS 
patients include midface hypoplasia, craniosynostosis, radio-
ulnar synostosis, choanal atresia or stenosis, femoral bowing 

and fractures, joint contractures, and arachnodactyly (2). 
Studies have shown that ventriculoperitoneal shunts are 
clinically required for treating craniosynostosis-induced 
hydrocephalus, and tracheotomy is usually provided to ABS 
patients with extreme midface hypoplasia and respiratory 
difficulties. In the neonatal period, the mortality rate of 
ABS is reportedly around 80% and is primarily caused by 
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airway compromise (3). 
 The pathogenesis of ABS is complicated and often 

influenced by genetic heterogeneity, including mutations 
in fibroblast growth factor receptor 2 (FGFR2) mutation 
and cytochrome P450 oxidoreductase (POR) (4-6). FGFR2 
related ABS is autosomal dominant and POR related 
ABS is autosomal recessive. It is noteworthy that cases of 
ABS with the POR mutation manifest genital anomalies 
and disordered steroidogenesis in addition to skeletal 
malformation, while cases with FGFR2 mutations are 
absent of genital anomalies. Male micropenis, hypospadias, 
and cryptorchidism, as well as female vaginal atresia, labia 
majora hypoplasia, labia minora fusion, and clitoromegaly, 
are characterized as POR mutation-induced genital 
abnormalities (7,8). 

The human POR gene is located on the long arm of 
chromosome 7 (7q11.2). Electrons are transferred by this 
gene from reduced nicotinamide adenine dinucleotide 
phosphate (NADPH) to all microsomal P450 enzymes, 
which are essential for steroid hormone synthesis and drug 
and toxin metabolism (9). Therefore, mutations in POR 
could result in P450 enzyme deficiency. Indeed, deficiencies 
in the steroidogenic P450 enzymes including CYP17A1, 
CYP21A2, and CYP51A1 are most commonly associated 
with ABS (2,7,10). To date, a number of mutations, 
including missense, nonsense, splice site, and frameshift, 
as well as microdeletions or microduplications have been 
reported in the POR gene region (11-14). Previous studies 
have shown that the A287P missense POR mutation 
resulted in a 40% residual POR activity and has been proved 
to be the most frequent mutation in Caucasian patients, 
whereas R457H occurred in over 70% of Japanese patients 
and led to a 3% residual POR activity (15-18). A number 
of POR related ABS cases have been reported previously 
(3-5,19,20). However, only a small proportion of them are 
based on Chinese patients and few of them screened the 
mutations for the family members (including parents and 
grandparents) of the patients. 

This study reports on a 46, XX newborn (a newborn with 
a 46, XX karyotype) with skeletal malformations and genital 
abnormalities, clinically diagnosed as ABS. This newborn 
had compound heterozygotes in the POR gene. Genetic 
analysis confirmed that the mutations were a paternal 
missense mutation and a maternal small deletion inherited 
from the paternal grandfather and maternal grandfather, 
respectively. By providing a detailed description of this 
rare ABS case from a genetic perspective, we aim to 
contribute to the existing body of knowledge regarding 

ABS pathogenesis and enrich the information available for 
ABS genetic counseling. We present the following article in 
accordance with the CARE reporting checklist (available at 
https://dx.doi.org/10.21037/tp-21-499).

Case presentation

Diagnostic criteria

The observed characteristic clinical phenotypes of skeletal 
and craniofacial malformation (including craniosynostosis, 
low set ears, midface hypoplasia, cloverleaf skull, and pear-
shaped nose) and genital abnormalities were used as a 
preliminary diagnosis of ABS. A subsequent radiography 
scan was used to confirm the diagnosis. The research was 
carried out in compliance with the Declaration of Helsinki 
(as revised in 2013) and written informed consent was 
obtained from the patient’s guardian for publication of this 
case report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Peripheral blood collection

The Institutional Ethics Committee of Children’s Hospital 
of Soochow University approved this study. Peripheral 
blood was then collected for genomic DNA extraction.

Medical exome sequencing

Genomic DNA was extracted from the peripheral blood 
using a QIAamp DNA Mini Kit (Qiagen, Germany) 
according to the manufacturer’s instructions. The 
Illumina HiSeq 2500 System (Illumina, USA) and the 
Agilent SureSelect XT Inherited Disease Panel (Agilent 
Technologies, USA) containing 2,742 genes were used for 
the medical exome sequencing. Candidate variants were 
screened by Ingenuity Variant Analysis (Ingenuity Systems, 
USA), and subsequent data analysis was performed with 
NextGENe (SoftGenetics LLC, USA) (21). 

Bidirectional Sanger sequencing

The candidate causal variations identified by medical exome 
sequencing were further confirmed by Sanger sequencing. 
Faststart Taq DNA polymerase (Roche, Switzerland) was 
used to amplify the exon 12 sequence of the POR gene 
(including the exon-intron boundaries) by polymerase chain 

https://dx.doi.org/10.21037/tp-21-499
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reaction (PCR). The primer sequences designed for POR 
gene amplification are shown in Table S1. An ABI 3130 
Genetic Analyzer was then used to purify and sequence the 
amplified DNA fragments in both directions. Finally, we 
compared the sequencing data to the reference sequence 
of POR (NM_000941.2) from the National Center for 
Biotechnology Information (NCBI) database.

Quantitative real-time PCR (qRT-PCR) detection

SYBR Premix Ex Taq (Takara, Dalian China) was used 
to perform the qRT-PCR analysis. The results were then 
normalized according to the expression of glyceraldehyde 
3-phosphate dehydrogenase (GAPDH). Table S1 shows the 
specific primers used in this study. An ABI 7500 real-time 
PCR system (Applied Biosystems, USA) was used for the 
qRT-PCR assays. The results were then converted to fold 
changes after being analyzed and expressed relative to the 
threshold cycle (CT) values.

Clinical features

This 46, XX newborn was referred to our neonatal ward 
soon after birth due to bronchopneumonia and multiple 
malformations. A preliminary diagnosis of ABS was made 
based on the observed characteristic clinical phenotypes 
of skeletal malformation and genital abnormalities. The 
craniofacial malformations are shown in Figure 1 and 
includ craniosynostosis, low set ears, midface hypoplasia, 
cloverleaf skull, and a pear-shaped nose. A subsequent 
radiography scan revealed several limb malformations, 
including bilateral femora deformation, femoral bowing 
and fractures, radio-ulnar synostosis, and joint contractures 
(Figure 2). Characteristic genital abnormalities, including 
labia majora hypoplasia, labia minora fusion, clitoromegaly, 
and vaginal atresia were also observed in this ABS patient  
(Figures 3,4). This suffering infant died two months later 
due to severe pneumonia, dyspnea, and congenital heart 
disease. There was no family history of these disorders, but 
the two previous pregnancies of the proband’s mother were 
both stillborn.

Genetic analysis

The medical exome sequencing of the proband’s parents 
identified a heterozygous mutation c.1370G>A (p.R457H) 
in exon 12 of the father’s POR gene and suspected deletions 
in exons 4 and 5 of the mother’s POR gene. The c.1370G>A 

A B

Figure 1 Photograph of the patient showing craniosynostosis, 
cloverleaf skull, midface hypoplasia, low set ears, and a pear-shaped 
nose. These images are published with the consent from patients’ 
parents.

A

B

Figure 2 Bilateral femora deformation, radio-ulnar synostosis, 
femoral bowing and fractures, joint contractures, which were 
combined as limb malformations showing in this radiograph. 

https://cdn.amegroups.cn/static/public/TP-21-499-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TP-21-499-Supplementary.pdf
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(p.R457H) mutation has been reported to occur in over 
70% of Japanese patients and is recognized as a pathogenic 
mutation by the Human Gene Mutation Database  
(HGMD) (5). 

Subsequently, bidirectional Sanger sequencing was 
used to verify the NM_000941.3: c.1370G>A (p.R457H) 
mutation in all available family members (Figure 5A). The 
results showed that the ABS infant carried a c.1370G>A 
(p.R457H) mutation in POR that was inherited from her 
father and paternal grandfather (Figure 5B). Furthermore, 
the results of the qRT-PCR assay revealed that this ABS 
patient had a microdeletion in exon 5 of the POR gene 
(Figure 5C) that was inherited from her mother and 
maternal grandfather. The POR exon 5 deletion is absent 
from the public databases but is classified as pathogenic 
according to the American College of Medical Genetics and 
Genomics (ACMG) guidelines based on the evidence of 
PVS1, PM2, and PM3 (22). 

In summary, compound heterozygotic mutations in the 
POR gene were identified in this 46, XX ABS-diagnosed 
infant. The mutations compromised a paternal missense 
mutation and a maternal small deletion, inherited from the 

paternal grandfather and maternal grandfather, respectively.

Discussion

Antley-Bixler syndrome (ABS) as a rare disorder has no cure 
at the current stage. Although a number of treatments can 
be performed to manage specific symptoms seen in each 
individual, they are used as supportive. The prognosis of 
ABS depends on the severity of malformation. Its mortality 
rate is around 80% in the first months of life (23), however, 
for individuals with mild malformation, their prognosis 
improves with age. Studies have shown that ABS phenotypes 
are caused by two different genetic etiologies. One ABS type 
includes genital anomalies and disordered steroidogenesis 
(ABS1; OMIM #201750) and is caused by mutations in 
the genomic region encoding cytochrome POR (OMIM 
#124015). The other form of ABS has normal genitalia and 
steroidogenesis (ABS2; OMIM #207410) and is caused by 
mutations in the FGFR2 gene (OMIM #176943) (3,8,24-26). 
ABS caused by P450 oxidoreductase deficiency (PORD) is 
a rare disease and can be easily misdiagnosed in mild cases. 
This disease should be considered in patients with sexual 
dysfunction, especially when specific skeletal deformities are 
also present. Craniosynostosis, femoral bowing, radio-ulnar 
synostosis, midface hypoplasia, and fractures have been 
recognized as the primary clinical features, and mutation 
analysis of the FGFR2 and POR genes is necessary to assist 
in an ABS diagnosis. Autosomal recessive inheritance of 
the POR mutation should be considered to confirm the 
diagnosis when skull deformity, limb skeletal malformations, 
and genital abnormalities occur together.

PORD resulting from mutations in the POR gene was 
first identified in patients with ambiguous genitalia, defects 
in steroidogenic cytochrome P450 enzymes, and ABS-like 
skeletal malformations (8,27). Currently, over 140 cases of 
PORD have been described worldwide, and around 85% 
of patients with POR enzyme deficiency have ABS-like 
skeletal deformities (https://www.ncbi.nlm.nih.gov/books/
NBK1419/#). The majority of reported PORD cases are of 
Japanese or European descent, and more than 90 mutations 
in the POR gene have been identified (http://www.hgmd.
cf.ac.uk/ac/index.php) (11,13,14,20,25,28-31). There have 
been few PORD case cohorts reported in China (4). Hence, 
we performed a genotype-phenotype correlational analysis 
on 21 Chinese patients identified with POR gene mutations, 
based on the literature published in Chinese or English 
(Table 1) (1-4,7,13,32-38).

According to the summarized information, PORD in 

Figure 3 Photograph of the patient showing Labia majora 
hypoplasia, labia minora fusion and clitoromegaly. 

Figure 4 Photograph showing abnormal bone of Antley-Bixler 
syndrome (ABS) patient caused by P450 oxidoreductase deficiency 
(PORD). 

https://www.ncbi.nlm.nih.gov/books/NBK1419/#
https://www.ncbi.nlm.nih.gov/books/NBK1419/#
http://www.hgmd.cf.ac.uk/ac/index.php
http://www.hgmd.cf.ac.uk/ac/index.php
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Chinese patients has a wide range of clinical manifestations. 
These manifestations include menstrual disorders, skeletal 
malformations, severe hermaphroditism, and occasionally 
death. To date, 13 POR mutations have been reported in 21 
Chinese patients, including eight missense, two nonsense, 
two frameshift, and one splice site. Remarkably, the most 
frequent mutation in the Chinese population is p.R457H 
(18/21, 85.7%), which is the same founder mutation 
identified in Japanese patients (11,15,20). Five cases in the 
Chinese cohort carried homozygous p.R457H, and the 
P399_E401 deletion reported first in Turkish families was 
found in one Chinese case (39). To date, p.A287P, which has 
a high prevalence in Caucasian populations, has not been 
detected in Chinese PORD patients (13,14,25).

Since the effect of variants in the POR gene may vary 
among different redox partners and substrates, the broad 
phenotypic spectrum of PORD may be caused by different 
POR-dependent P450 enzymatic deficiencies resulting 
from various POR variants (10,16,40). Researchers have 
shown that patients harboring a null mutation in one allele 
display more severe skeletal malformations than those with 
homozygotes for p.R457H or p.A287P (11,14,25). Similarly, 
in the Chinese cohort, subjects (P1, P9, P10, P13, and P14) 
harboring compound heterozygosity for R457H and one 
null mutation showed more severe craniofacial and skeletal 
abnormalities than the cases with homozygosity for R457H 

(P2, P3, P11, P16, and P19) (Table 1). Notably, our patient 
in this study carried compound heterozygosity of a p.R457H 
missense variant and a novel exon 5 deletion in the POR 
gene, manifesting as severe ABS malformations, cardiac 
defects, and early demise in infancy. In another study, severe 
dysmorphic and skeletal malformations were found in three 
sibling fetuses with compound heterozygosity in the POR 
gene; one mutation was a copy number deletion, and the 
other was a p.A287P missense mutation (41).

In this case study, exome sequencing revealed compound 
heterozygosity of a paternal missense mutation p.R457H 
and a maternal novel exon 5 deletions in the POR gene of 
a 46, XX karyotype newborn. This finding highlights the 
need for POR gene copy number analysis for suspected 
ABS patients harboring only one or no pathogenic variant 
detected by sequence analysis (19,26,42). However, 
confirmation from other studies based on more samples 
is required. Meanwhile, further investigation of the 
biological mechanism of the POR gene is also necessary for 
understanding its role in causing ABS. 

In conclusion, the causative variants identified in this 
study have broadened our knowledge of the POR gene 
mutation spectrum. The accurate genetic diagnosis was 
valuable for prognosis in this case. Meanwhile, an accurate 
genetic diagnosis would also be highly valuable for genetic 
counseling of at-risk couples. It would provide them with 
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the opportunity to undergo either a prenatal diagnosis or 
IVF followed by a preimplantation genetic diagnosis.
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