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Beirut Medical Center, Beirut, Lebanon

ABSTRACT

Background: The incidence of primary congenital glaucoma (PCG) varies among geographic regions and ethnic
groups. The frequency of PCG in Lebanon and identification of disease-causing mutations have not been
studied previously.

Purpose: To investigate the role of Cytochrome P1B1 (CYP1B1) gene and Myocillin (MYOC) gene mutations in
PCG in the Lebanese population and study possible genotype/phenotype correlations.

Methods: Patients with unilateral or bilateral PCG diagnosed at the American University of Beirut Medical
Center and their first-degree relatives (parents and siblings) were screened for CYP1B1 and MYOC mutations.
Demographic and phenotypic characteristics were recorded. Phenotypic characteristics pertaining to disease
severity and outcomes were compared.

Results: Eighteen Lebanese families (66 subjects) with at least one member affected with PCG were included in
this study. Mutations in the CYP1B1 gene were detected in 6 families (33%). Five previously described
mutations (p.R444Q; p.E229K; p.R469W; p.G61E; p.M1T) and one new single nucleotide deletion were
identified (1793delC). Patients in whom CYPIBI mutations were detected tended to have a more severe
phenotype as evidenced by earlier age at diagnosis, higher rate of bilateral disease, and higher number of
glaucoma surgeries than those in whom no CYP1B1 mutations were present. MYOC gene mutations were not
detected in any patients.

Conclusion: The rate of CYP1B1 mutations in Lebanese patients with PCG is lower than that reported in other
Arab and Middle Eastern populations and suggests other genes are responsible for PCG in the remainder.

Keywords: CYP1B1 gene, gene mutation, glaucoma, Myocillin gene

INTRODUCTION

Glaucoma is one of the leading causes of blindness
worldwide with an estimate of 80 million affected
individuals by the year 2020." Primary congenital
glaucoma (PCG) is a severe form of glaucoma that
appears early in life;” it is secondary to developmental
abnormalities of the aqueous humor outflow drainage
(trabeculodysgenesis). PCG is clinically characterized

by enlargement of the globe (buphthalmos) due to
elevated intraocular pressure, which results in corneal
edema, rupture of Descemet's membrane (Haab
Striae), and optic nerve damage.3 PCG can be both
sporadic and familial, with the autosomal recessive
pattern being most commonly described.* The inci-
dence and prevalence of PCG varies among different
geographic regions and ethnic groups, with the
highest prevalence in the Arab-Bedouin population
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of the Negev region in Israel where 1 in 1200 live
newborns are affected,” followed by the Gypsy
population of Slovakia (1 in 1250).° It reaches 1 in
2500 in Saudi Arabia’ and 1 in 3300 in India.” In
Western populations, the incidence is reported to be
the lowest with approximately 1 in 20,000.>® PCG is
reportedly more severe in the Middle East than in the
West with poor therapeutic responses.’

To date, four different loci have been identified for
PCG: GLC3A, GLC3B, GLC3C, and GLC3D.*®
CYPIB1 (Online Mendelian Inheritance of Man
[OMIM] 601771), a member of the cytochrome P450
family located on chromosome 2p21 in the GLC3A
locus, is the main known gene responsible for PCG,"’
and mutations in this gene are detected in around 50%
of PCG cases worldwide."" Tt is expressed in different
structures of the human eye. Mutations in CYP1B1
cause malformations of the anterior chamber and are
correlated with ocular developmental defects and
trabecular dysgenesis.'> More than 60 different
CYP1B1 mutations associated with PCG have so far
been identified."*'* The proportion of PCG cases
caused by CYP1B1 mutations varies from 100% in
Saudi Arabians,l‘r’ to 80% in Israeli Bedouin kin-
dreds,'®'” 78% in Omani,” 50% in Brazilians,'® 44% in
Indians,” 30% in Indonesians,” and is as low as 20% in
Japanese PCG patients.'®'” Mutation spectra of
CYP1B1 also vary by ethnic and geographic distribu-
tions. The most common CYP1B1 mutations in Asia
are p.V364M, p.L385F and p.R390H. In Caucasians,
common mutations are: p.R368H/L, p.R390H, and
p.E387K.*® The most common reported CYP1B1
mutation in Arabs and Middle Eastern populations
is G61E in Saudi Arabian,® Kuwaiti,>' Arab-Bedouin
Israeli,'® Turkish,”> Omani’ and Iranian patients.23
Mpyocilin gene mutations (MYOC; OMIM 601652),
have also been identified in a few cases of PCG
worldwide, either independently or in association
with CYP1B1 mutations and are thought to contribute
to the disease through common biochemical pathways
with CYP1B1 acting as a modifier for MYOC.***>

Lebanon is a country with a population of diverse
ethnicities and a 35.5% rate of consanguinity.”® The
frequency of PCG in Lebanon and identification of
disease-causing mutations have not been studied
previously. This study was conducted to examine
the incidence and the role of CYP1B1 and MYOC
mutations in PCG Lebanese patients and to examine
the possible effect of mutations on the phenotype of
these patients.

RESEARCH DESIGN AND METHODS
Patients

This is a prospective study conducted at the
Ophthalmology Department of the American

University of Beirut Medical Center. The study was
approved by the American University of Beirut
Institutional Review Board. Informed consent was
signed by all participants or their legal guardians.
Children and adolescent assent forms were also
provided.

All Lebanese patients with unilateral or bilateral
PCG and their first-degree relatives (parents and
siblings) were identified for possible enrollment from
the pediatric ophthalmology and glaucoma services.
A total of 18 families (66 subjects) consented to
participate and were recruited including 18 PCG
patients (26 eyes).

PCG was defined as glaucoma diagnosed before 2
years of age, and characterized by corneal changes:
edema = increased corneal diameter (>12mm),
increased intraocular pressure (>21mmHg) and
optic nerve cupping. Patients with secondary glau-
comas: anterior segment dysgenesis, aniridia, Peters’
anomaly, Axenfeld-Rieger (or other congenital anoma-
lies of the eye associated with glaucoma), or post-
operative glaucoma (aphakic, pseudophakic, post
retina surgery), were excluded. Clinical information
was collected on all participants.

Patients underwent a thorough eye exam by one of
the authors in the ophthalmology department. It
included visual acuity, slit lamp examination, tono-
metry, gonioscopy when possible, cycloplegic retino-
scopy and ophthalmoscopy. Patient demographic
information and parameters pertaining to disease
severity including corneal edema, corneal diameter,
intraocular pressure, optic nerve cup-to-disc ratio,
visual acuity, refraction, gonioscopic abnormalities,
number and type of previous glaucoma surgeries and
medications were collected from medical records and
from the last clinical exam.

CYPIBI and MYOC Mutation Screening

Blood samples were collected from patients and their
first-degree relatives at scheduled research appoint-
ments or during the clinical examination yielding a
total of 66 samples from a total of 18 families.
Genomic DNA from participants was extracted from
whole blood samples collected on EDTA using the
QIAamp DNA Micro Kit (Qiagen) and as described by
the manufacturer. DNA was stored at —20°C until
use. DNA amplification of all coding exons as well as
flanking intronic regions of CYP1B1 and MYOC genes
was carried out in a total volume of 20 ul containing
250ng genomic DNA, 1.5mM MgCl2, 2l 10X Taq
Gold Buffer (Applied Biosystems, New Jersey, USA),
200 uM of each deoxinucleotide triphosphate, 1.5 U of
Taq Gold DNA polymerase (Applied Biosystems) and
50pmol of the appropriate forward and reverse
primers. Primers are listed in the Tables below.
Amplification was started with a 12min incubation
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TABLE 1. Initial patient characteristics.
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Age at Mutations id
Family presentation Corneal entified
number Gender (months) Laterality = FMH  Consanguinity edema in CYP1BI1 gene
Family 1 F 25 0s 0 1 Mild 0
Family 2 M 1 0os 1 1 Severe p-E229K, p.R444Q
Family 3 F 1 ou 0 0 Moderate OD, severe OS  1793delC
Family 4 F 15 ou 1 1 Mild OD, severe OS p-G61E
Family 5 M 0.25 ou 1 0 Mild 0
Family 6 M 1 ou 0 1 Severe p-R469W
Family 7 F 4 (O] 0 0 Moderate 0
Family 8 F 7 OD 0 1 Mild 0
Family 9 F 55 0s 0 0 Mild 0
Family 10 M 18 0os 0 0 Severe 0
Family 11 F 12 OD 0 1 Mild 0
Family 12 M 2 ou 0 1 Moderate 0
Family 13 M 0.5 ou 0 1 Mild p-MIT
Family 14 M 1 0os 0 1 Severe 0
Family 15 M 3 OD 0 0 Mild 0
Family 16 M 8 ou 0 0 Severe 0
Family 17 F 15 ou 0 1 Mild OD, moderate OS 0
Family 18 F 0.5 OD 0 0 Mild p-G61E

IOP, Intraocular pressure

at 95 °C followed by 38 cycles each consisting of 30's of
denaturation at 94°C, 30s of annealing at 55°C for
CYP1B1 gene and 58 °C for MYOC gene and 1min of
extension at 72°C followed by a final extension for
10min at 70°C. Amplified DNA fragments were
analyzed by direct nucleotide sequencing using Big
Dye terminator cycle sequencing ready reaction kit
(Applied Biosystems). Sequence analysis was per-
formed on an ABI Prism 3500 DNA sequencer
(Applied Biosystems). Results were analyzed by
comparison to reference sequences and with reference
to the glaucoma database (http://bicmku.in:8081/
glaucoma).

Statistical Analysis

Statistical analysis was performed using SPSS version
19. Fisher exact test was used for the categorical
variables and the Mann-Whitney and paired f test
were used for the continuous variables to compute
p values. The level of statistical significance was set at
p<0.05.

RESULTS
Clinical Phenotype of Patients

Clinical information was collected for all 18 families.
Parental consanguinity was identified in 50% (9/18)
of the families. Baseline characteristics of all patients
are presented in Table 1. There were 9 females and 9
males; PCG was bilateral in 8 patients and unilateral
in 10. At the time of presentation, ages ranged from 2

© 2016 Taylor & Francis Group, LLC

days to 18 months (median 1.5 months). The disease
was diagnosed in the neonatal period in 7/18 (39%).
Severe corneal edema and buphthalmos were present
in 8/18 (44%). Horizontal corneal diameters, mea-
sured under general anesthesia, ranged from 9-15 mm
with an average of 13.3+1.3 mm.

CYPIBI and MYOC Mutational Analysis

All coding exons and corresponding exon/intron
boundaries of CYP1B1 were sequenced. Six distinct
CYP1B1 mutations were identified in our families: five
missense (p.E229K, p.R444Q), p.G61E, p.R469W, p.M1T)
and one nucleotide deletion (1793delC) (Table 1).
Disease-causing CYP1B1 mutations were detected
in 6 of the 18 patients (33%). Patients with p.G61E
mutation presented at a young age (2 weeks and 6
weeks) with bilateral disease and family history
of PCG.
In one family (family 2, Table 1), two homozygous
mutations; p.E229K and p.R444Q were identified.
Another family (family 3, Table 1) had the homo-
zygous frame shift mutation 1793delC not previously
described. Both of these patients had bilateral disease
with severe presentation at a young age (Table 1).
No MYOC mutations were detected in the 18
families excluding this gene as a contributor to PCG in
our patients.

Genotype-phenotype Correlations

To conduct genotype-phenotype correlations, we
compared the clinical features (at presentation and
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TABLE 2. Comparison of clinical phenotype between mutation and no mutation group.

PCG Mutation No mutation
patients group group p value
Patients, 1 (%) 18 6 (33) 12 (67) 0.09
Male/female 9/9 3/3 6/6 0.69
Consanguinity, n (%) 10 (56%) 4 (67%) 6 (50%) 0.44
Bilateral disease, 1 (%) 8 (44%) 4 (66%) 4 (33%) 0.32
Mean age at presentation (months) 1.5 0.8 5.7 0.01
PCG diagnosed at birth, 1 (%) 7 (39%) 5 (83%) 2 (17%) 0.01
Severe corneal edema in at least 1 eye, n (%) 8 (44%) 4 (67%) 4 (33%) 0.32
Initial IOP (mmHg) 35.5 35.2 35.6 0.72
Last IOP (mmHg) 15.3 15.6 14.8 0.74
Mean number of meds 1.3 1.2 1.3 0.96
Mean number of surgeries 1.5 1.8 1.4 0.15
Family history of PCG 4 (19%) 3 (50%) 1 (9%) 0.08

PCG, Primary congenital glaucoma; IOP, Intraocular pressure.

at last visit) between PCG patients who carried
CYP1B1 mutations and those with no identified
mutations. Mutation and no mutation groups had
similar baseline characteristics with 1:1 female to male
ratio, similar initial IOP, and number of glaucoma
medications (Table 2). However, the age at presenta-
tion ranged from 0.5-1.5 months in the mutation
group as compared to 0.25-18 months in the no
mutation group. Mean age at diagnosis was signifi-
cantly younger in the mutation group (0.8 months
versus 5.7 months; p=0.01). A family history of PCG
could be established for three patients in the mutation
group and only one patient in the no mutation group.
Mutations were more common in the consanguineous
group, p=0.44. Clinical phenotype (severe corneal
edema and buphthalmos) at the time of diagnosis was
twice as severe in the mutation group, 67% versus 33
%; p=0.32. The mean number of glaucoma surgeries
was also higher in the mutation group but did not
reach statistical significance (p=0.15). The disease was
bilateral in 4/6 patients (66%) in the mutation group
and 4/12 (33%) patients in the no mutation group
(p=0.32). The mean measured IOP at last visit was
similar between groups; two eyes still had uncon-
trolled IOP on last visit in the no mutation group
versus one eye in the mutation group. Refractive
errors were similar in the two groups: spherical
equivalence (SE) was mostly myopic in both groups,
p=0.92. In the no mutation group, seven eyes had low
to moderate myopia (less than —6.00 diopters (D),
four eyes had high myopia (more than —6.00 D), and
three were hyperopic. Two eyes could not be refracted
due to corneal haze. Similarly, in the mutation group,
four eyes had low to moderate myopia, three had
high myopia and four were hyperopic. Data on
refractive power was unavailable for one eye. No
difference was found in mean optic nerve C/D
ratio between mutation and no mutation group
(0.57£0.19 versus 0.62+0.30 respectively; p=0.98).
As far as final vision, similar outcomes were observed
with poor visual acuity (<20/400) in 4/12 eyes in the

mutation group versus 6/16 eyes in the no mutation
group.

DISCUSSION

This is the first study of the contributions of CYP1B1
and MYOC mutations in PCG patients in Lebanon. In
total, 33% of our patients were found to have CYP1B1
mutations. This is lower than that reported in other
Arab and Middle-Eastern patients where mutation
rates reportedly reach 100% in Omani and Saudi,’
80% in Israeli Bedouin,'® 70.6% in Kuwaiti*' and 70%
in Iranian patients.”” This is possibly due to the more
homogeneous genetic background in these popula-
tions as compared to ours, in which there is more of
an admixture of ethnic backgrounds.

The most commonly identified CYP1B1 mutation,
was p.G61E detected in two consanguineous families.
This is a reportedly founder mutation in Arabs and
Middle Eastern populations such as Saudi Arabia,
Kuwait, Turkey, Iran, Oman, Egypt and the Israeli
Bedouin, suggesting a shared genetic background in
these populations.*?***3? Our third family carries,
surprisingly, two homozygous mutations: p.R444Q
(exon 3) and p.E229K (exon 2) (Table 1, family 2).
While p.E229K mutation is commonly described pan
ethnically,'®***> pR444Q was never previously
reported in the Arab population, it was however
reported in Japanese and French patients.’*?' This
patient carries homozygous polymorphisms as well
(p.R48G, p.A119S, p.V432L, p.D449D). Parental DNA
samples and data were not available to determine
their status. They may be both compound heterozy-
gous which could explain the status of the patient or it
may suggest a possible deletion of the whole CYP1B1
gene on the second chromosome 2.

The p.R469W mutation was also identified. This
mutation has been reported in different populations
including Middle Eastern, Arabs, Europeans and
Asians.'"®?*¢ Another family had a homozygous

Ophthalmic Genetics



M1T mutation described only in Israeli patients'® and
in one Native American patient.'"The nucleotide
deletion 1793delC, detected in one of our families, is
to our knowledge described for the first time. This
mutation results in a stop codon at amino acid 464
(5464X). This patient presented at 2 days of life with
severe bilateral buphthalmos and required multiple
glaucoma surgeries including trabeculotomies, trabe-
culectomies, and tube shunts to both eyes. The
absence of deleterious mutations in MYOC gene in
our patients was expected considering the modest
contribution of this gene to PCG worldwide, with a
mutation rate of approximately 5.55%° and more
specifically its negligible role in Arabs and Middle-
Eastern patients.”

Genotype/phenotype correlations in congenital
glaucoma have been reported with high variability.
In our cohort, patients with identifiable CYP1B1
mutations appeared to have a more severe phenotype
with an earlier onset, which is comparable to data
reported from other populations.'®”” Other differ-
ences were also noted but did not reach statistical
significance due to the small sample size: more severe
disease presentation (buphthalmos and corneal
edema), higher rate of consanguinity, positive family
history, more bilateral involvement, and greater
number of glaucoma surgeries. Final visual outcomes,
optic nerve C/D ratios and IOP levels were however
comparable between groups.

In conclusion, although limited in sample size, our
analyses show that CYP1B1 mutations accounted for a
lower portion of PCG patients in Lebanese as
compared to other Arab and Middle-Eastern popula-
tions. This may be explained by the fact that the
Lebanese are descended from a mixture of European
and Asian populations, resulting in a heterogeneous
genetic background in Lebanese PCG families, in
contrast to the more likely homogeneous background
in other Arab populations. Although we cannot
exclude non-genetic causes of glaucoma in our nega-
tive cases, other genes responsible for PCG in our
population may be at play, requiring additional
analytical efforts. Ascertaining the genetic determin-
ants would lead to better management and counseling
for Lebanese PCG patients and their families.
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