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Primary congenital glaucoma (PCG) is an inherited ocular abnormality that is caused by mutation in 

CYP1B1 gene. Report of large deletion or gene copy number variants of CYP1B1 in PCG is uncommon. In 

this case report we describe a rare case of PCG with whole CYP1B1 deletion with implication for changes 

in detecting mutation of CYP1B1 gene. Clinical, ophthalmological, genetic, and pedigree information of 

the proband is described and discussed in detail in this case report. The deletion was identified using the 

Multiplex ligation-dependent probe amplification (MLPA) method. Whole deletion of CYP1B1 was identified 

using MLPA. Intra ocular pressure (IOP) of the right eye was 38mmHg and that of the left eye was 35mmHg. 

Corneal diameters of both eyes were 13mm horizontal and 12mm vertical. The patient underwent a total of 

five operations with the first operation performed when he was 2.5 months old. Further investigation revealed 

that the patient’s grandfather was exposed to a large quantity of 2,3,7,8-tetrachlorodibenzo-p-dioxin. CYP1B1 

deletion albeit rare can cause Primary Congenital Glaucoma with poor prognosis and MLPA should be used 

to detect large deletion and gene copy number variation when sequencing method fails to detect mutations.
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I. INTRODUCTION

Primary congenital glaucoma (PCG; OMIM 
#231300) is an autosomal recessive disorder 
caused by mutations in the CYP1B1 gene. 
Characteristic of the patients with PCG include 
early onset (before 3 years of age), buphthalmos 
(enlarged ocular globe) as the consequence 
of increased intraocular pressure (IOP), and 
breaks in Decsemet’s membrane (Haab’s 
striae).1,2 Delayed of diagnosis and treatment 
can lead to irreversible optic nerve damage and 
loss of vision.2 While homozygous mutation 
of CYP1B1 is associated with the congenital 
form, heterozygous or compound heterozygous 
mutation are also responsible for primary open 
angle glaucoma (POAG) in juvenile and adult.3 

CYP1B1 has been reported to play an 
important role in other ocular structure 
abnormalities such as Anterior Segment 
Dysgenesis.8 Della Paolera et al. reported that 
the identification of CYP1B1 in Congenital 
Primary Glaucoma correlated to higher need 
for surgical intervention although no difference 
in outcome was observed. The identification 
of CYP1B1 is important both in clinical 
management of the patients and in counseling 
for the affected families. To date, over 400 
disease-causing variants have been reported 
and archived in CYP1B1 mutation databases 
such as the Leiden Open Variant Database 
(LOVD, lovd.nl) and the Human Gene Mutation 
Data base.9 The majority of studies on CYP1B1 
mutation only reported point mutation or small 
deletions and suggested CYP1B1 deletion or 
gene copy number variation was not the main 
cause of PCG.9,11,12 In Vietnam, one previous 
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study has analyzed thirty families with PCG 
in which 5 variants were identified.10 In this 
study, we report a case of a PCG patient with 
complete deletion of CYP1B1 detected through 
MLPA, which warrant further discussion and 
consideration in regard to future diagnostic 
protocol.

II. MATERIALS AND METHODS
Clinical and ophthalmic evaluation was 

carried out for the proband and family members 
including his unaffected sister and parents. Intra 
Ocular Pressure was measured using Icare 
ic100 tonometer instrument (Icare, Finland). 

Multiplex Ligation-dependent Probe 
Amplification (MLPA) 

Genomic DNA was purified from peripheral 
blood using the QiaAmp DNA blood mini kit 
per the manufacturer’s instructions (Qiagen, 
Germany).

To identify large exonic deletions that 
were not detected by direct sequencing and 
to measure the copy number, MLPA method 
was employed using the MLPA Kit P128 
(MRC- Holland). The kit contains two probes 
for CYP1B1 (CYP1B1-1-136nt and CYP1B1-
3-176nt). MLPA is a high-throughput and 
straightforward technique for quantification of 
gene copy number. Products from amplification 
were analyzed on a 3100-Avant Genetic 
Analyzer ABI-PRISM (ThermoFisher, US). The 
results were analysed with MRC-Coffalyser 
software (MRC-Holland) and the copy number 
was described using the dosage quotient 

(DQ). A range of 0.8 < DQ < 1.2 was considered 
normal, and a range of 0.4 < DQ < 0.7 was 
considered to indicate a heterozygous deletion. 

III. CASE PRESENTATION
1. The proband

The patient is a 14-year-old boy who was 
diagnosed with PCG in the first month after birth. 
No other complication or trauma was noted at 
birth. At diagnosis, for both eyes, the corneal 
diameters were 13mm in the horizontal and 
12mm in the vertical. Surgery was planned and 
performed at 2.5 months of age; however the 
patient condition did not improve, the second 
surgery was done at 4.5 months and subsequent 
operations was done at age 2, 3 and 4. At the 
time of data collection for this study, the patient 
had lost vision in both eyes with intra ocular 
pressure (IOP) of 38mmHg in the right eye and 
35mmHg in the left eye. Further investigation 
revealed that the patient’s grandfather was a 
military veteran and was exposed directly to a 
large quantity of 2,3,7,8-tetrachlorodibenzo-p-
dioxin. 

Figure 1 shows the MLPA result of the 
patient and family members. Two probes 
CYP1B1-1 and CYP1B1-3 were used to detect 
deletion in exon 1 and exon 3, respectively. 
Reference samples and control probe were 
also used to rule out the possibility of a loss 
of heterozygosity (LOH). The result revealed 
the patient had a homozygous deletion of the 
CYP1B1 gene. MLPA also showed the parents 
were both heterozygous for CYP1B1 deletion.
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Figure 1. MLPA result of the proband

(A), his sibling (B), father (C) and mother (D). The red arrow indicates the probe to flank for 
CYP1B1 exon 1 and exon 3. Absence of the 2 probe means the whole CYP1B1 gene is deleted. 
MLPA result shows the proband is homozygous while the parents are heterozygous for CYP1B1 
deletion. 
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In many heritable and congenital diseases, 
the genetic mutation type is frequently 
associated with the severity of the symptoms 
and clinical outcomes. For example, in 
Hemophilia A, deletional or nonsense mutation 
are often associated with higher treatment 
failure. In PCG, such association have not 
been mentioned which may be confounded by 
other factor such as age of diagnosis and timely 
intervention. For our patient, even with timely 
diagnosis and early intervention, he still required 
a number of operations and still had poor 
clinical outcomes. This can be partly attributed 
to the homozygous deletional mutation, which 
leads to no CYP1B1 enzymatic activity, further 
exacerbated his problems. 

CYP1B1 belongs to the super family 
cytochrome P450, a group of enzyme which 
have important role in metabolism and 
development.4 Compounds metabolized 
by CYP1B1 include 17-beta-estradiol, 
retinols, arachidonic acid and melatonin, all 

of which have important function in ocular 
development.5 CYP1B1 is also activated in 
the presence of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD or dioxin), a compound which 
heavily polluted the environment in Vietnam. 
Dioxin was described as a mutagenic by a 
recent study of a Vietnamese family, resulting 
in point mutations and deletional mutations 
confirmed by whole genome sequencing.13 
Other evidence shown that dioxin can induce 
gene mutations including point mutation, 
large deletion and rearrangement in offspring 
of exposed individual.7 There are many 
hypotheses about the mechanism that leads to 
mutation. Minakkam et al. described how dioxin 
could induce epigenetic transgenerational 
mutation and sperm epimutations.14 However, 
the interaction between CYP1B1 and dioxin 
in the pathogenesis of CPG is still unknown. 
Further investigation is needed to assess 
how the presence of dioxin change the 
dynamic of PCG. Animal models study might 
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be the appropriate next step to explore the 
mechanism of CYP1B1 in the presence of 
high dioxin pollution and whether dioxin could 
directly cause mutation in CYP1B1.

Large deletion mutation in CYP1B1 can 
have implication for mutation screening and 
future diagnostic methods for PCG in Vietnam. 
Large deletion or rearrangement could be 
detected using MLPA for patient where 
traditional sequencing methods fail to identify 
mutation. As such, potential carrier can be 
identified, and this information can be valuable 
in genetic counseling. To our knowledge, this is 
the first study to identify CYP1B1 deletion using 
MLPA method. Because of the robustness of 
the method, it can be easily incorporated into 
the current diagnostic protocol. Instead of 
sequencing alone, we propose a diagnostic 
protocol of sequencing followed by MLPA to 
identify gene copy number variants in patients 
without point mutation. Because Sanger’s 
sequencing alone cannot distinguish a deletion 
carrier from a deletion non-carrier, we suggest 
the use of this protocol to help diagnose PCG 
and avoid overlooking potential deletional 
mutation and carrier. Our study’s patient and 
family shall be provided with counseling and 
further testing of family members to identify 
other carriers, as well as prenatal diagnosis for 
future pregnancy.

V. CONCLUSION
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