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CASE REPORT

A novel deletion mutation in the BCOR gene 
is associated with oculo-facio-cardio-dental 
syndrome: a case report
Qian Hu1, Jingqun Mai2,3, Qinqin Xiang2,3, Bin Zhou1, Shanling Liu2,3 and Jing Wang2,3* 

Abstract 

Background: Oculo-facio-cardio-dental syndrome is a rare X-linked dominant syndrome, characterized by radicu-
lomegaly, congenital cataracts, dysmorphic facial features, and congenital heart disease. Because of the rarity, this 
syndrome could be misdiagnosed by the clinician, especially for the infant who may present only one to two systems 
involved.

Case presentation: Here we report a 3-month-old female infant presenting with typical clinical manifestations of 
oculo-facio-cardio-dental syndrome, like ocular, facial, cardiac, and skeletal abnormalities, and the genetic analyses 
of the proband and her parents were provided. Genetic evaluations were completed using whole exon sequenc-
ing, which revealed a novel heterozygous mutation between exons 7 and 14 of the BCOR gene(OMIM:300485) in 
this patient but not in her parents. This mutation is likely to encode a premature stop codon producing a truncated 
protein. Our patient was diagnosed early enough to allow for the cardiac defects to be treated first, and she will be 
closely followed up to ensure that any new presentations are treated in a timeous manner.

Conclusion: This patient fits the diagnostic criteria for oculo-facio-cardio-dental syndrome and is the youngest 
oculo-facio-cardio-dental syndrome patient ever reported, which is most important for her prognosis. In addition, this 
manuscript also describes a novel potenitally causative mutation for this syndrome.
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Background
Oculo-facio-cardio-dental (OFCD) syndrome, also 
known as Microphthalmia, syndromic 2 (OMIM 300166), 
is a rare pathological syndrome caused by mutations in 
the BCL6 corepressor gene (BCOR) [1]. This syndrome 
usually involves multiple systems, and its typical traits 
include (1) eye anomalies (congenital cataracts, microph-
thalmia, or secondary glaucoma); (2) facial abnormalities 
(long narrow face, high nasal bridge, pointed nose with 
cartilages separated at the tip, cleft palate, or submucous 

cleft palate); (3) cardiac anomalies (atrial septal defect, 
ventricular septal defect, or floppy mitral valve); and (4) 
dental abnormalities (canine radiculomegaly, delayed 
dentition, oligodontia, persistent primary teeth, or vari-
able root length) [2].  Hayward in 1980 first reported 
OFCD syndrome [3] and described radiculomegaly of 
the canines and congenital cataracts, and this report was 
supplemented with other studies conducted to explain 
cuspid gigantism.

OFCD syndrome has X-Linked dominant inheritance, 
which means that its effects are lethal in males, mak-
ing all clinical patients females [1]; BCOR gene abnor-
malities account for almost all cases of this syndrome [4]. 
The BCOR gene is located in Xp11.4, where it acts as an 
apparent genetic regulator associated with specific cell 
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differentiation and limb structure development [4]. Evalua-
tions of the genetic basis of OFCD syndrome have revealed 
truncating, missense, frameshift, and deletion mutations 
in the BCOR gene, all of which produce premature stop 
codons inducing varying OFCD syndrome phenotypes [5].

Here we report the case of a 3-month-old infant pre-
senting with OFCD syndrome, and she experienced 
a heterozygous loss of exons 7–14 in the BCOR gene 
whereas both her parents presented with a normal geno-
type. She was first admitted to the pediatric cardiovas-
cular department for cardiac disease and then referred 
to the medical genetics department for genetic identi-
fication. As far as we know, she is the youngest OFCD 
patient ever reported, which is vital for her prognosis.

Case presentation
Human subjects
One female subject with OFCD syndrome and her parents 
underwent a complete medical genetics evaluation. All 
available medical records were obtained in accordance with 
the guidelines established by the ethics committee at West 
China Second University Hospital, Sichuan University.

Molecular genetic analyses
DNA was extracted from peripheral vein blood using the 
DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany). 
The exons and splice regions from the 25129 ref gene 
were captured and enriched using a Nano WES capture 
chip (Berry gene, Hangzhou, China). A NovaSeq 6000 
sequencing system (Illumina, USA) was used to sequence 
the captured Library (average sequencing depth > 100 x).

Sequencing data annotation and pathogenicity clas-
sification was then completed. The GATK pipeline was 
used for SNP / InDel calling, and the XHMM pipeline was 
used for CNV calling. The mutation sites were annotated 
according to the pathogenic mutation database (ClinVar, 
OMIM and HGMD), general population genome data-
base (1000g, esp6500, ExAC, gnomAD, Berry and Kahn’s 
Chinese population database), and hazard and conserva-
tion prediction database. The standards and guidelines for 
the interpretation of sequence variants recommended by 
the American College of medical genetics and genomics 
and the Association for molecular pathology were used to 
classify the pathogenicity of each of the variant loci.

Triplicate quantitative PCR was then performed using 
genomic DNA in an effort to verify the WES results 
using SYBR Green qPCR Master Mix (Thermo Fisher 
Scientific, Vilnius, Lithuania) and an Applied Biosystems 
7500 Real-Time PCR Systems (Thermo Fisher Scientific, 
Waltham, MA, USA). The −2 ΔΔCT analysis method was 
used to evaluate the copy number of BCOR exons 8 and 
14 and intron 10 in each sample using specific primer 
pairs (Table 1).

Clinical report
A 3-month-old female infant was admitted to the 
pediatric cardiovascular department at the West 
China Second University Hospital in 2021 for treat-
ment associated with an unknown cardiac disease, 
and then referred to the medical genetics department 
for genetic diagnosis. The patient was 60 cm in height 
and 5 kg in weight; her head circumference was 41 cm, 
normal for her age. She was also in a good mental state 
and eating well. She was born full term to a 30-year-old 
woman who had a previous spontaneous abortion at 24 
gestational weeks because of gestational hypertension 
and placenta abruption during vaginal delivery. There 
was no apparent abnormality in the appearance of the 
abortus and there were no remarkable findings during 
the prenatal examinations (no medical records were 
provided) for this child. A cardiac murmur was identi-
fied three days after birth, and an atrial septal defect 
and ventricular septal defect were detected by color 
Doppler ultrasound. In addition, patient was found 
to have 2–3 toe syndactyly on their left foot at day 4 
post birth (Fig. 1). Horizontal nystagmus was found in 
both eyes at the age of 2 + months, lasting for several 
minutes per episode with an irregular pattern of pres-
entation. Ultrasound showed that there were punctate 
echoes in the anterior part of the vitreous dark area 
in both eyes. The patient had normal  motor  develop-
ment, and there was no obvious abnormality in either 
her hearing or vision at follow up. The patient was 
noted to cough occasionally, accompanied by rapid 
breathing, without fever, cyanosis, vomiting and diar-
rhea, or disturbance of consciousness. She came to the 
pediatric department of our hospital for further treat-
ment. Echocardiography in our hospital showed con-
genital heart disease with a huge atrial septal defect: 
the defect was about 16 mm * 13 mm * 10 mm(anterior 
stump was 0  mm, posterior stump was 2  mm, upper 
stump was 3 mm). Color Doppler showed that flow at 
the atrial level was bidirectional but mainly from left 
to right, whereas the flow at the ventricular level indi-
cated a muscular ventricular septal defect. Patient also 
experienced mild to moderate tricuspid regurgitation, 
mild mitral regurgitation, and pulmonary hyperten-
sion due to the huge atrial septal defect and muscu-
lar ventricular septal defect (Fig.  2). Left ventricular 

Table 1 qPCR primer pairs for Exons 8 and 14 and Intron 10 of 
the BCOR gene

Primers Forward Reversed

Exon 8 CTG AGG CTG GAA TGA AGG TGA CAA TGA ACA AGG TAT GC

Intron 10 CTG TGG ATG TCT TGG TGA G GAT TGA GTG AGG AGG ATG TC

Exon 14 ATA GGC ATC GTC ATC ATC AT CCG TAG GAG GTG AAC AAG 
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systolic function was normal, and the CT showed that 
the bilateral lateral ventricles were full, and there were 
no abnormal density shadows in the brain parenchyma. 
Serum troponin was elevated to 0.234 ug/L(normal 
range 0–0.06), and the diagnosis for this patient in the 
pediatric cardiovascular department was as follows: 
atrial septal defect, ventricular septal defect, tricuspid 
regurgitation (mild to moderate), mitral regurgitation 
(mild), pulmonary hypertension, sinus tachycardia, 
right axis deviation + 180°, Biventricular hypertrophy, 
left 2–3 toe syndactyly, horizontal nystagmus in both 
eyes, true microphthalmos in the right eye and con-
genital cataract in the left eye. Given the confluence of 
these symptoms, we suspected our patient had OFCD 
syndrome; she was referred to the medical genetics 
department for further genetic diagnosis.

Whole exon sequencing (WES) produced a scatter dia-
gram that suggests that the proband experienced a muta-
tion, Delxp11.4 (about 10.71  KB), with a copy number 
of 1 (Fig.  3). Searches of the database failed to identify 
any single nucleotide variation with definite or probable 
pathogenicity in these WES sequences.

CSCORE.CNV evaluation of the WES data showed 
that the proband presented with a copy number variation 

for exons 7–14 in the BCOR gene, with these exons being 
present as only a single copy. Exon 1–6 and exon 15 were 
shown to have a copy number of two. The paternal data 
revealed that he encoded a single copy of each exon 
whereas the maternal data presented with two copies of 
each exon, as expected (Fig. 4).

Genomic qPCR revealed that both the father and 
proband presented with half the number of copies of 
exon 8, intron 10, and exon 14 found in the mother 
(Fig. 5).

Taken together these results show that the patient 
experienced a heterozygous loss of exons 7–14 in their 
BCOR gene whereas both her parents presented with 
a normal genotype. When we combined this with the 
clinical phenotype, it was easy to confirm a diagnosis 
of OFCD syndrome in this patient, likely as a result of 
the heterozygous deletion of exons 7–14 of the BCOR 
gene.

Discussion and conclusions
Here we describe the case of a female infant presenting 
with the typical clinical features of OFCD syndrome. 
OFCD remains a rare genetic pathological syndrome 
with no more than 100 cases reported to date [6]. We 
have summarized the OFCD cases published in recent 
5 years (Table 2). According to the summarized pheno-
typic findings in thosed cases, we found that although 
OFCD syndrome involves the malformation of mul-
tiple organs and systems, including various ocular, 
facial, cardiac, and dental features, the most character-
istic diagnostic symptom for OFCD is teeth abnormal-
ity [7]. This means diagnosis in infants, prior to tooth 
eruption, is difficult. In our case, the patient presented 
with typical ocular, facial, cardiac, and skeletal abnor-
malities resulting from a novel mutation in the BCOR 
gene, causing the heterozygous loss of exons 7–14 of 
this gene. To the best of our knowledge, this muta-
tion has not been previously reported in association 
with OFCD syndrome. Our patient is also the young-
est case of OFCD reported in the recent 5 years, which 
could be easily misdiagnosed for other diseases such as 
congenital heart disease because the lack of the typical 
teeth abnormality during the infant age. Thus, this case 
expand the OFCD diagnosed age, and should attract 
more attention from the cardiovascular pediatricians.
BCOR mutations are present in almost all reported cases 

of OFCD syndrome, which suggests that these mutations 
are the primary cause of this pathology. The BCOR gene 
is located on the X chromosome, in the Xp11.4 locus, and 
derives its name from its function as an interacting core-
pressor of BCL-6 that enhances BCL-6-mediated tran-
scriptional repression [4]. BCOR is made up of 15 exons, 
encoding three homologous isomers, which produce 

Fig. 1 Left 2–3 toe syndactyly, true microphthalmos in the right eye 
and congenital cataract in the left eye
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1,721 amino acid peptides (NP_001116855.1) [5]. BCOR 
plays a central role in maintaining pluripotency, induc-
ing differentiation and determining cell fate [4], and the 
BCOR protein is widely expressed in various human 

tissues. This means that BCOR is of clinical interest for its 
important roles in development [6].

Distinct classes of BCOR mutations result in two 
different rare X-linked syndromes: OFCD syndrome 

Fig. 2 Echocardiography showed atrial septal defect, ventricular septal defect, tricuspid regurgitation (mild to moderate), mitral regurgitation 
(mild), pulmonary hypertension, biventricular hypertrophy
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and MAA2 associated Lenz microphthalmia [1]. Lenz 
microphthalmia is inherited in an X-linked recessive 
pattern and is characterized by microphthalmia, men-
tal retardation, and skeletal and other anomalies, while 
OFCD is inherited in an X-linked dominant pattern 
with presumed male lethality [1]. OFCD patients can 
have defects in the craniofacial, skeletal, and cardio-
vascular systems, and all are heterozygous for a mutant 
BCOR allele [2, 10, 14, 15]. All the reported OFCD 

mutations, including nonsense, frameshift insertions/
deletions/duplications, splicing mutations, and large 
deletions, are predicted to cause OFCD clinical mani-
festations via gene loss or protein truncation and/or 
nonsense-mediated decay interrupting BCOR function 
[2, 7, 10, 15–19]. The severity of the OFCD phenotype 
varies widely because of the individual variation in the 
proportion of key tissue cells that have a transcription-
ally active X chromosome with the BCOR mutation [2, 

Fig. 3 WES(Whole exome sequencing) scatter plot describing the heterozygous loss of Delxp11.4 (about 10.71 KB) in the proband

Fig. 4 The CSCORE.CNV(Copy number variations) results following WES(Whole exome sequencing): exons 7 to 14 of the BCOR gene presented with 
only a single copy in the proband, and the rest of the BCOR gene presented with a copy number of two. Both maternal and paternal data presented 
with normal copy numbers for the whole gene
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10, 15]. This was proven to be true by the X-inactiva-
tion analyses of leukocytes from OFCD patients, which 
showed 96–100% allelic skewing helped cells expressing 
the wild type allele of BCOR [1, 20].

Female OFCD patients may present with short stat-
ure and low weight or growth retardation and com-
monly display a distinctive craniofacial phenotype, 
including microcephaly, long narrow facial features, 
long philtrum, microcornea, congenital cataracts, 
microphthalmia, clinical anophthalmia, vision loss, 
secondary glaucoma with a high nasal bridge, or 
bifid nasal tip. The dental abnormalities linked to 
OFCD include canine radiculomegaly, delayed den-
tition, persistent primary teeth, oligodontia, mal-
occlusion, supernumerary teeth. In addition, cleft 
palate, submucous cleft palate and Bifid uvula occur 
in over a quarter of patients. Patients may also have 
abnormalities in their ear structures, including large 
anteverted ears, asymmetric ears, or posteriorly 
rotated ears, and 9% of patients have mild conductive 
or sensorineural hearing loss. OFCD skeletal defects 
include skull defects (microcephaly), spine abnor-
malities (scoliosis), limb defects (flexion contrac-
tures, limited supination, radioulnar synostosis), and 
feet defects (hammer toe, toe syndactyly, and radi-
oulnar synostosis) [1, 2, 10, 15, 21]. Cardiovascular 
defects are also common in OFCD patients with up 
to 67% of OFCD patients presenting with at least one 
cardiovascular defect. Amongst these, septal defects 
(atrial, ventricular, or both) are the most common 
and are found in 50% of the OFCD patients examined 
[10, 15].

The treatment plan for OFCD patients involves a 
multidisciplinary approach to treat the cardiac, skel-
etal, facial, and dental disharmony in these patients, 
and early diagnosis and treatment is crucial for patient 
prognosis. Our patient was diagnosed early enough 
to allow for the cardiac defects to be treated first, and 
she will be closely followed up to ensure that any new 
presentations are treated in a timeous manner. Mean-
while, due to the involvement in the tumorigenesis of 
the BCOR gene, the patient should also be closely fol-
lowed up for any signs of cancer. The mutation in the 
BCOR of this patient is novel, and her parents were not 
affected, suggesting that this was a de novo mutation 
or inherited from a parent who was a Gonad mosaic 
for this kind of mutation. Given this, we suggest that 
the reproductive plan for these parents is to include 
prenatal diagnosis targeting the BCOR gene for any 
additional pregnancies in case that any of the parents 
was a Gonad mosaic for this kind of mutation.

In summary, we report the case of a 3-month-old 
female OFCD patient with typical clinical phenotype, 
including cardiac defects, toe syndactyly, true micro-
phthalmos, and congenital cataracts, presenting with a 
novel heterozygous deletion of exons 7–14 of the BCOR 
gene. Her parents were not affected, and to the best of 
our knowledge, she is the youngest OFCD patient ever 
reported, which is vital for her prognosis. Given the 
clinical dependance on dental deformities to diagnose 
OFCD, our ability to diagnose an infant with OFCD, 
prior to tooth eruption, should help to establish a clini-
cal diagnosis of this syndrome in the absence of tooth 
involvement.

Fig. 5 qPCR(quantitative Polymerase Chain Reaction) verification of the WES(Whole exome sequencing) experiments. Both the father and proband 
presented with half the number of copies for exon 8, intron 10 and exon 14 when compared to the mother
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