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Abstract

Introduction: Background and objectives: Primary congenital glaucoma (PCG) (OMIM: 231300) is an inherited ocular illness, which
leads to permanent blindness. Up to now, three dissimilar loci are mapped for PCG. The most common locus detected for this dis-
ease is cytochrome P450 (CYP1B1; GLC3A) mutations. Expression and penetrance of PCG varies from 40% to 100%. It seems the high
incidence in the oriental communities is due to consanguineous matrimonies. PCG happens in both sporadic and familial patterns.
Inheritance in familial cases is usually autosomal recessive, which sometimes manifested as incomplete penetrance. Pseudo - dom-
inant transmission was also reported.
Case Presentation: The paper reports a case of genetic counseling in Iran that the client couple had family marriage and demanded
pre-pregnancy consultation, but the male was healthful and unaware of treated genetic disorder in his infancy. After history taking,
the first candidate gene (CYP1B1) in the husband and his parents were amplified by polymerase chain reaction (PCR), sequenced
using Sanger technique; therefore, the control subjects and patients were analyzed to identify PCG mutations.
Conclusions: The husband and his mother were compound heterozygote for CYP1B1 gene mutations including two variations in
61 and 368 codons. Also his father was heterozygote for one variant. More investigations showed that the wife (husband’s cousin)
did not mention mutations. The local certified counselor/physician provided genetic counseling, should investigate surgery reason
and its description for individuals with therapeutic or plastic surgery history. This early and reliable diagnosis of the disease is vital
for the next generation, especially in family marriage cases, prenatal diagnosis is provided, also, appropriate and early medical and
surgical prognoses can be performed. This causes prevention of visual loss and save vision of the child.
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1. Introduction

Nowadays, there is growing interest in genetic coun-
seling to prevent disorders. Genetic counseling, especially
in family marriages, plays an important role to prevent
genetic disorders. In such marriages, defective genes fre-
quently manifest diseases with autosomal recessive mode.

Primary congenital glaucoma (PCG) (OMIM 231300) is
a disease with clinical and genetic heterogeneity; the in-
cidence of PCG is geographically and ethnically variable.
In familial cases, PCG is usually autosomal recessive. Glau-
coma is a group of disorders that disrupt the eye’s optic
nerve and leads to blindness if left untreated. It is the
cause of 15% of blindness cases, and also the second lead-
ing cause of blindness. In addition, PCG is an inherited
ocular disorder with common signs including a particu-
lar pattern of visual field loss and degeneration of the op-
tic nerve (1) caused by apoptosis of retinal ganglion cells
(2). Therefore, irreversible vision loss can be the result of

disorder of aqueous outflow, increased intraocular pres-
sure (IOP), and optic nerve damage. The disease occurs in
the neonatal or early infant period with symptoms of ex-
pand of the globe, opacification of the cornea, and breaks
in descemet membrane (3). In 80% of the cases, it is bi-
lateral and more than 80% of cases occur within the first
year of life. For the most common cause of PCG, three dif-
ferent loci are mapped for its (4) mutations in cytochrome
P450 (CYP1B1; GLC3A) (5) reported in different ethnic back-
grounds (6). PCG is the most common type for 55% of pri-
mary pediatric glaucoma. Its expression and penetrance
vary from 40% to 100%. Studies identified that prevalence
of PCG varies among ethnic populations extending from 1
in 10000 - 20000 in the Western people (7) to 1 in 2500 and
1 in 1250 in the Saudi Arabian people (8) and Gypsy com-
munity of Slovakia (7), respectively. In the Indian state of
Andhra Pradesh, the prevalence is 1 in 3300 (9). In a study
on the epidemiology of glaucoma in Iranian population
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in Yazd city, 4.4% of the studied individuals were affected
with glaucoma, also this research revealed that 1.6% of in-
dividuals had high tension primary open angle glaucoma
(POAG), 1.6% with normal tension POAG, and 0.4% of them
had primary angle closure glaucoma (PACG), pseudo ex-
foliation glaucoma (PEXG), and other types of secondary
glaucoma. It is revealed that cytochrome P450 1B1 (CYP1B1)
is the cause of PCG in the majority of Iranian patients and
many different CYP1B1 mutations are present among them.
The origin of most mutations in the Iranians is inherited
as identical by descent (IBD); they also have the same mu-
tations in other populations. The four most prevalent mu-
tations detected among the Iranians are p.G61E, p.R390H,
p.R469W, and p.R368H. They constitute 51% of the Iranian
CYP1B1 alleles studied and 76.2% of the mutated CYP1B1 al-
leles observed (10). PCG occurs both in sporadic and fa-
milial patterns. In familial cases, inheritance is usually au-
tosomal recessive, sometimes associated with incomplete
penetrance (6). Pseudo - dominant inheritance is also re-
ported (11). More than 40 different mutations are reported
in the entire coding region of CYP1B1 gene (12) and genetic
heterogeneity varies within the population. High homo-
geneity reveals the higher frequency of inbreeding in the
population. The current study mentioned an example of
genetic counseling case in Iran that a client couple had
first - cousin marriage and were demanding for pre preg-
nancy consultation, but the husband was unaware of his
treated genetic disease in adulthood. Baseless and super-
stitious ideas about babies, diseases, and denial of their ill-
ness by parents cause the history of genetic disorders, espe-
cially the treated congenital form, remain hidden. When
a person does not have any information about his/her in-
herited disease in adulthood, how he/she can do necessary
preventive actions for marriage and childbearing? thus,
the person does not perform necessary actions to prevent
the transmission of disease to the next generation. The
certified counselor or physician performing the counsel-
ing should investigate surgery reasons and its description
about individuals with therapeutic or plastic surgery his-
tory in childhood.

2. Case Presentation

An Iranian nationality couple of Bakhtiari tribe with
the first cousin marriage was demanding for pre - preg-
nancy consultation. In the early stages, there was no his-
tory of genetic disease at their pedigree. When they were
asked about disease history since childhood up to now,
they said the husband’s eyes were damaged at the age of
three months using kohl with matchstick, and due to this
reason, he had an eye surgery. While After more investi-
gations it was distinguished that his surgery was due to

primary congenital glaucoma. Also, it was specified that
the husband’s mother used eye drops and was under glau-
coma treatment periods. Blood samples were collected
from the subject and his parents. It was at first necessary
to examine the most common gene (CYP1B1) and in case
of negative result, the rest of common genes were also
checked. Peripheral blood lymphocytes were collected
from the subject and his parents. After DNA extracting,
CYP1B1 gene was amplified by the polymerase chain reac-
tion (PCR), sequenced using Sanger technique, and exam-
ined to control the subjects and parents to detect the mu-
tations causing the disease.

3. Discussion

Results of experiments using PCR sequencing method
for CYP1B1 gene showed the husband and his mother were
compound heterozygous for these gene mutations. There-
fore, the wife was checked to identify that she is carrier for
this damaged codons in CYP1B1 gene or not and the result
was negative (Table 1).

Table 1. Results of Clients CYP1B1 Gene Analysis

Phenotype Genotype

The husband (consultee), affected CD 61 GGA >GAA (Gly > Glu) / CD 368
CGT > CAT (Arg > His)

Subject’s mother, affected CD 61 GGA >GAA (Gly > Glu) / CD 368
CGT > CAT (Arg > His)

Subject’s father, normal CD 368 CGT >CAT (arg > His) / N

The molecular analysis of CYP1B1 gene in glaucoma dis-
ease showed two genetic variations in 61 and 368 codons
that these genetic variations are introduced in the HGMD
database as mutation.

Pedigree drawing clarified that their parents had non
- consanguineous marriage, but their grandparents had
consanguineous marriage with identical descent. The wife
(the subject’s cousin) also was examined to detect CD 368
and CD 61 mutations in CYP1B1 gene by PCR sequencing
technique, which was negative for CD368 and CD 61 muta-
tions.

Chitsazian et al., studied the features of CYP1B1 muta-
tions and its associated haplotypes from Iranian patients
with PCG and found no significant differences between pa-
tients with homozygous CYP1B1 mutations and the ones
with compound heterozygote CYP1B1 mutations. But, it is
found that patients with heterozygous CYP1B1 mutations
have a better prognosis after surgery than patients with ho-
mozygous/compound heterozygous CYP1B1 mutations (13).
Notable sequence heterogeneity is observed in CYP1B1 gene
among the Iranian patients with PCG. Therefore, existence
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Figure 1. Client’s Family Pedigree, ln, Persons with Glaucoma Disease

of CYP1B1 mutations in nearly 70% of the Iranian patients
with PCG indicates the clinical importance of this gene.
The G61E is also the most frequent (21.6%) among the Ira-
nian patients. The R469W is also found as one of the com-
mon mutations among the Iranian patients (6). The R368H
is detected in a large number of patients only in India (17%)
and is the most common CYP1B1 mutation among this pop-
ulation (14). It is also one of the most current mutations in
Iran found in 11.5% of the patients with PCG. The haplotype
background of this mutation in the two populations is the
same. The R390H, another common mutation observed in
19.2% of the patients with PCG in Iran, was formerly identi-
fied in a Pakistani patient (15) and then, reported in Indian
patients with PCG (15), and in an early - onset primary open
angle glaucoma French patient (16). The E173K, among the
more rare mutations in the Iranians, is only recently re-
ported as a new mutation in an Egyptian family (17), and
g.4673_4674insC was formerly reported in a Turkish fam-
ily (18). In contrast, most of the mutations of cases from the
American continents and Western Europe are not detected
among the Iranians (10). The E229K mutation is described
as a potential main cause of PCG and early - onset primary
open angle glaucoma in French patients (19). Due to famil-
ial marriages in oriental communities, high frequency of
mutations are observed. Disease risk assessment for fam-
ilies with these mutations requires the knowledge of car-
riers’ frequency in the population. However, far too little
attention is paid to it.

Wiggs et al., detected CYP1B1 mutations by DNA among
250 individuals without glaucoma or without family his-
tory of glaucoma that showed the CYP1B1 mutation carrier
frequency in the US population was 1 in 22 and 1 in 33, which

was 5.1 to 3.4 times higher than the expected frequency.
These results are suggesting that more individuals than ex-
pected are carriers of a CYP1B1 deleterious mutation, and
prevalence of CYP1B1 - related disease may be higher than
expected. Their analysis of CYP1B1 carrier frequency sug-
gested that assay for CYP1B1 gene mutations may be use-
ful for other types of childhood glaucoma, including juve-
nile open - angle glaucoma and glaucoma associated with
anterior segment dysgenesis syndromes (20). The CYP1B1
may be the cause of carcinogenesis, besides glaucoma. Re-
cently, high expression of this gene and increased inci-
dences of coding alleles of its active isoforms are detected
in some cancers (21).

In the studied family, as already mentioned, the dis-
ease was inherited as autosomal recessive mode; the sur-
prising point was that the male inherited one copy of mu-
tated CYP1B1 gene from his mother and another mutated
CYP1B1 gene from his father while his parents’ marriage
was non - consanguineous that proposes high prevalence
of glaucoma gene in their population. Also, it is found
that a large fraction of individuals affected with glaucoma
(nearly 90%) are unaware of their condition (22).

Therefore, it is necessary for genetic counselors to ex-
amine family history for glaucoma especially in consan-
guineous marriages. Counselor’s skill in obtaining tech-
nical information from the clients can affect their destiny.
Genetic counselor should investigate surgery reasons and
the description about children with therapeutic or plastic
surgery. Afterward, by detecting defective genes in these
persons using genetic assays, possibility of prenatal diag-
nosis is provided for their children. Also, their relatives
such as siblings can be consulted before marriage to iden-
tify the probability of being carrier of the mentioned gene.
If there is no possibility of prenatal diagnosis, with early
treatment of the affected infant, low vision and blindness
can be prevented in neonates with glaucoma.

Footnotes
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