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ABSTRACT

Aim: Glaucoma is a group of degenerative diseases of the optic nerve whose predisposing factors may be genetic. The objective of this study
was to estimate the frequency of the Glu323Lys mutation as a genetic risk factor for glaucoma.

Materials and methods: A cross-sectional study over 6 months from October 2020 to March 2021 in Ouagadougou, Burkina Faso. A total of
89 samples of patients with primary open-angle glaucoma (POAG) were collected. The frequency of the Glu323Lys mutation of the myocilin,
trabecular meshwork inducible glucocorticoid response (TIGR/MYOC) gene by polymerase chain reaction (PCR)—restriction fragment length
polymorphism.

Results: In glaucoma patients, only homozygous nonmutated guanine-guanine (GG) and heterozygous mutated adenine-guanine (AG)
genotypes were found in 96.63 and 3.37% of cases, respectively. Around 69.66% of patients had a family history of glaucoma, 28.09% had a
history of hypertension, and 7.86% had a history of diabetes.

Conclusion: The frequency of the Glu323Lys mutation of the TIGR/MYOC gene was 3.37% in the glaucoma population in Ouagadougou. A case-
control study is necessary to know the contribution of the Glu323Lys mutation as a genetic risk factor for glaucoma in our study population.

Clinical significance: This study constituted the beginning of genetic investigations of glaucoma in our context and showed a low Glu323Lys

mutation.
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INTRODUCTION

Glaucoma is the second leading cause of blindness worldwide after
cataracts.! As the leading cause of irreversible blindness, glaucoma
accounts for approximately 15% of all blindness.?* Glaucoma is,
therefore, a public health problem. Older people pay the highest
price. Indeed, the number of people aged 40-80 with glaucoma
worldwide was estimated at 64.3 million.? This number would be
76 million in 2020 and 111.8 million in 2040.3 Among the major forms
of glaucoma, POAG is the most prevalent form.? Its prevalence varies
according to the geographical area, race, age, and ethnicity.>* POAG
would be the most frequent form encountered in melanoderma
subjects.>>® In Africa, the overall prevalence of POAG is estimated to be
between 1and 8%, depending on the region.” Glaucomais a complex
disease with an insidious course. Approximately 50% of patients with
POAG are unaware of their condition.®® Several studies have shown
that factors such as advanced age, high intraocular pressure (IOP),
diabetes,and myopia would significantly increase the risk of developing
glaucoma.*>1% Also, there would be predisposing genetic factors for
glaucoma due to ethnic origin and family history of glaucoma." The
various studies conducted on the genetics of glaucoma have provided
strong evidence suggesting that the occurrence of glaucomais strongly
affected by genetic factors.>"” Approximately 74 genes have been
closely associated with glaucoma, 64% of which are associated with
POAG, 16% with primary angle closure glaucoma, 4% with congenital
glaucoma, and 4% with pseudoexfoliation glaucoma."” Among
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Glu323Lys Mutation of the TIGR/MYOC Gene

the genes incriminated in the occurrence of glaucoma, only four of
them [TIGR/MYOC, neurotrophin-4 (NTF4), OPTN, and WDR36] have
been definitively associated with PAOG'? and one gene, CYP1B1,
with guanine-cytosine.® Three of these genes, TIGR/MYOC, OPTN,
and CYP1B1, have been identified as the major genes responsible
for the development of glaucoma in humans. Their involvement
varies depending on the type of glaucoma. The myocilin gene
(TIGR/MYQC) is the first-line gene associated with the occurrence of
POAG."? Autosomal dominant mutations in this gene are thought to
be responsible for 33% of juvenile glaucoma cases and 3-5% of adult
glaucoma cases.”® The Glu323Lys mutation, like most mutationsin the
TIGR/MYOC gene, is located in exon 3 and consists of a substitution
of guanine for adenine in the gene sequence at position 967."” The
mutation has only been reported in cases of familial glaucoma.

In Burkina Faso, as in other African countries, the diagnosis of
glaucomais often late, and very few studies have attempted to explore
the predisposing genetic factors involved inits occurrence. The aim of
this study was to estimate the frequency of the genetic susceptibility
factor of the Glu323Lys mutation of the TIGR/MYOC gene associated
with the occurrence of glaucoma for the prevention of the pathology.

MATERIALS AND METHODS

Type and Site of the Study

This was a cross-sectional study on the frequency of the Glu323Lys
mutation of the TIGR/MYOC gene during a 6-month period (October
2020-March 2021) at the Centre Hospitalier Universitaire Yalgado
Ouédraogo (CHU-YO) and the Centre Médical Don Orione (CMDO)
in Ouagadougou, Burkina Faso.

Sampling and Inclusion of Patients

A total of 89 patients with POAG, most of whom resided in urban
areas, were collected by accidental sampling. The estimated
sample size was calculated using the Schwartz formula for an
estimated glaucoma prevalence of 4.04% (which corresponds to
the prevalence of glaucoma according to a cross-sectional study
of retrospective data conducted in Ouagadougou between 2012
and 2019).

The study included people of all socioprofessional strata,
regardless of sex or ethnicity, who were older than 3 years
(excluding congenital glaucoma) and had POAG.

A patient with POAG was considered to be any patient
with optic disc excavation and atrophy, visual field amputation
characteristic of glaucoma, an open iridocorneal angle (degree
of opening between 10 and 45°), an IOP at the time of diagnosis
greater than 22 mm Hg, and follow-up by a specialist in the health
centers involved in the study.

The age, family history, hypertension, and diabetes of
the patients were collected through the medical file of each
patient. Dietary and sports habits were collected by means of a
questionnaire to which patients were asked to answer yes or no.
Patients considered as practicing sports were those who practiced
sports at least three times a week, and coffee or tea drinkers were
those who had at least one cup of coffee or tea per day. All of this
information was recorded, and the calculation of the proportions
was performed by Microsoft Excel 2013.

A venous blood sample of about 5 mL in an
ethylenediaminetetraacetic acid tube was taken from the patients,
from which two aliquots were constituted—one of plasma and the
other of the pellet after centrifugation of 3500 rpm for 15 minutes.
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Extraction and Amplification of Deoxyribonucleic Acid
(DNA)

Genomic DNA was extracted from the pellet using the "rapid salting
out” technique described by Miller et al. in 1988.

Amplification of the TIGR/MYOC gene was done by conventional
PCR. Each well of a PCR plate contained a total reaction volume of
25 L consisting of 10 pL of EmeraldAmp GT PCR master mix (2x
Premix, containing taq polymerase, deoxynucleoside triphosphates,
MgCl,, DNA bulking agent), 0.5 pL of each primer (0.1 umol/uL),
9 pL of sterile water, and 5 pL of DNA (10 ng/uL). Amplification was
performed using the GeneAmp* PCR System 9700. The sequence of
the primer pair and the PCR program that was is are shown in Table 1.

Visualization of PCR Products and Enzymatic Digestion

Polymerase chain reaction (PCR) products were subjected to
electrophoresis on a 2% agarose gel containing 18 uL of 10 mg/mL
ethidium bromide.

Polymerase chain reaction (PCR) products were then digested
with Bsr | restriction endonuclease for 2 hours at 65°C in the
GeneAmp* PCR System 9700 thermal cycler (Applied Biosystem,
United States of America). The reaction volume was 20 pL consisting
of 0.5 pL of Bsr | enzyme, 5 pL of buffer (1x), 9.5 pL of sterile water,
and 5 pL of PCR product. Digestion was performed, and the digestion
products were then subjected to electrophoresis on a 3.5% agarose
gel containing 18 pL of ethidium bromide (10 mg/mL).

Visualization of DNA bands was done under UV light at 132 nm
using the "Vivilber” apparatus.

Ethical Considerations
The study was approved by the Pietro Annigoni Biomolecular

Research Center/Laboratory of Molecular and Genetic Biology
(CERBA/LABIOGENE) Institutional Ethics Committee and was

Table 1: Specific primer pair and PCR program for the amplification of
the TIGR/MYOC gene?®

Primer sequences Amplicon size in bp

Forward— 325

CACCCAGGAGACCACGTGGAGAATC

Reverse—

GAGGCCTGCTTCATCCACAGCCAAG

Glu323Lys Initial denaturation—94°C,
3 minutes
Denaturation—94°C,
30 seconds

Hybridization—55°C,
30 seconds 35 cycles
Elongation—72°C, 60 seconds

i

Final extension—72°C,
5 minutes
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conducted in strict compliance with the Declaration of Helsinki.
Oral consent was obtained from each patient after reading
the information sheet. The study was authorized by the
Direction Regional health agency and the hospitals involved. The
confidentiality of the patient’s data was also respected.

REesuLTs

Sociodemographic Characteristics

Table 2 shows that the study population consisted of 89 patients
with a confirmed diagnosis of glaucoma, most of whom lived in
urban areas (93.26%). 69.66% of patients with glaucoma had a
family history of glaucoma.

Fragments Obtained by PCR-RFLP of the TIGR/MYOC
Gene

After conventional PCR, the amplicon obtained from the TIGR/
MYOC gene had a size of 325 base pairs (bp). After digestion, the
homozygous nonmutated genotype (GG) had three digest fragments,
including 198, 76, and 51 bp. The homozygous mutated genotype
(adenine-adenine) had two fragments, including 249 and 76 bp. The
heterozygous mutated or heterozygous nonmutated genotype (AG)
had four fragments, including 249, 198, 76, and 51 bp (Fig. 1).

Table 2: Demographics of our study population and family history of
glaucoma

Variables Number (%)
Sex Man 51(57.30)
Women 38 (42.70)
Age <40 years 19 (21.35)
> 40 years 70 (78.65)
Residence area Urban 83 (93.26)
Rural 6 (6.74)
Profession Public sector 2(24.72)
Private sector 35(39.32)
Retirement 24 (26.97)
Pupil/student 08 (8.99)
Family history of glaucoma
Yes 62 (69.66)
No 27 (30.34)

Marqueur

Genotypic and Allelic Frequencies in Our Study
Population

Two genotypes were identified in glaucoma patients, with the
wild-type (GG) genotype predominating (Fig. 2). The wild-type (G)
allele was the most represented in our study population, with a
frequency of 98.32%. The mean age at diagnosis of patients with
the mutation was 41 years (age between 16 and 73).

Glaucoma and Other Risk Factors (Dietary Habits,
Sports, History of Hypertension, and Diabetes)

Glaucoma patients who did not consume alcohol, did not smoke, or
did not practice sports regularly were the most numerous. 28.09%
of the glaucoma patients in our study had hypertension, and 7.86%
had diabetes (Table 3).

Discussion

Frequency of the Glu323Lys Mutation

The objective of our study was to determine the frequency of the
Glu323Lys mutation. This choice is justified by the fact that, to our
knowledge, the mutation had not been found in the melanoderma
population. In addition, nearly 77 mutations in the TIGR/MYOC
gene have been associated with glaucoma, including 71 mutations
located on exon 3, five on exon 1,and one on exon 2. In our study,
the frequency of the Glu323Lys mutation is 3.37% in the glaucoma
population. In Panama, Central America, the study by Rozsa et al.
estimated the frequency of the Glu323Lys mutation to be 100%
in members of the same family with glaucoma. The frequency
of the Glu323Lys mutation in our study is lower than in the study
by Rozsa et al. This may be explained by the fact that our study
included patients from different families in the great majority.
The Glu323Lys mutation has been described as causing severe
glaucoma with elevated IOP and age of onset of <30 years."” In the
present study, the mean age of the subjects with the Glu323Lys
mutation was 41 years (the age of the patients ranged from 16 to
73); itis higher than the mean age found by Rozsa et al., which was
19 years. This could be explained by a late diagnosis of glaucoma
in Burkina Faso. Indeed, a large number of studies suggest an early
and sometimes very severe onset of glaucoma in melanoderma
subjects compared with Caucasians®'®'%; in Burkina Faso, as in
many sub-Saharan African countries, glaucoma is diagnosed at a
fairly advanced stage of the disease.

Of the genesimplicated in the development of glaucoma, only
four (TIGR/MYOC, NTF4, OPTN, and WDR36) have been definitively
associated with PAOG,'® and one gene, CYP1B1, with CG."* Three of

Produit
PCR

Figs 1A and B: Electrophoresis gels: (A) Electrophoretic profile of digestion products; (B) Electrophoretic profile of digestion products and
amplification products; GG, unmutated homozygous; GA, mutated heterozygous A and B:
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Fig. 2: Genotypic frequencies; AA, homozygous mutated; GA, mutated
heterozygous; GG, unmutated homozygous

Table 3: Age at diagnosis according to the eating and sports habits of
glaucomatous patients

Number (%)

Alcohol consumer

Yes 30(33.7)

No 59 (66.29)
Smoking

Yes 2(2.25)

No 87 (97.75)
Coffee or tea consumer

Yes 53 (59.55)

No 36 (40.45)
Regular practice of sport

Yes 27 (30.34)

No 62 (69.66)
HBP

Oui 25 (28.09)

Non 64 (71.91)
Diabetes

Oui 7 (07.86)

Non 82(92.14)

these genes, TIGR/MYOC, OPTN, and CYP1B1, have been identified
as the major genes responsible for the development of glaucoma
in humans, accounting for approximately 40% of cases. Their
involvement varies according to the type of glaucoma.

Prevalence of Glaucoma by Gender

The prevalence of glaucoma in men (57.30%) was slightly higher
than in women (42.70%), with a sex ratio of 1.34. The TIGR/MYOC
and OPTN genes are autosomal dominant,'® and the CYP1B1 gene
has an autosomal recessive inheritance.?%%' Thus, individuals
would be affected regardless of their sex. However, like our results,
some authors have found a male or female predominance of the
pathology.'®?'
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Age, history of glaucoma, diabetes, arterial hypertension,
dietary, and sports habits of our study population

In this study, the aim was to estimate the proportion of
glaucoma patients with a history of glaucoma, diabetes, high blood
pressure (HBP) or with dietary habits (intake of stimulants such as
coffee, tea, alcohol, or tobacco) or sports habits that, according to
some studies, are risk factors for glaucoma.??*

Glaucoma and Age

Age has been identified as a factor involved in the occurrence of
glaucoma, with the incidence of glaucoma increasing with age 18.In
our study, the mean age of patients at diagnosis was 47.33 + 13.81 years.
Atipo-Tsiba in Congo and de Ahnoux-Zabsonré and colleagues in
Ivory Coast found a mean age of 47.9 + 18.7 years and 47.47 + 18.3
years, respectively.’®?* Boodhna and Crabb in England, Bron and
collaboratorsin France, and Kooner and collaboratorsin Dallas (United
States of America) found a mean age of 65.5, 65.6 + 11.7, and 68.7 +
13.8years, respectively, in Caucasian subjects.*'%?% According to some
studies, the onset of glaucomais earlierin melanoderma subjects than
in Caucasians.’ These data support the idea of early onset of glaucoma
in African melanoderma subjects.

Glaucoma and Alcohol, Tobacco, and Caffeine Use
The relationship between alcohol, smoking, and glaucoma remains
less clear, and the results of studies associating them with the
development of glaucoma are conflicting.” In this study, among
glaucoma patients, 33.7% had an alcohol consumption habit, and
2.25% smoked cigarettes; also, 59.55% had a daily coffee habit. The
studies by Charliat et al. and Wilson et al. found no relationship
between alcohol consumption and glaucoma and between
smoking and glaucoma.?”2 On the other hand, Wu and Leske found
arisk of developing glaucoma associated with alcohol and tobacco
consumption.?’ The contradictory effect could be explained by the
variable effect depending on the type of alcohol and tobacco and
the frequency of consumption of these products. Indeed, some
alcoholic beverages are made up of mono alcohol and others of
polyalcohol. The difference in chemical composition could, for
example, according to the type of alcohol, induce different effects
on the body.*°

Caffeine would be involved in the increase of IOP in glaucoma
patients and consequently would be associated with the
progression of glaucoma. Indeed, the comparison of the effect of
caffeine on IOP showed a significant increase in IOP in glaucoma
subjects compared to normal subjects.>!

Glaucoma and Sports Activities

Moderate and regular sports practice has been shown to be
a protective factor not only in the occurrence but also in the
progression of certain pathologies. For example, sport has a
protective effect on the occurrence of cardiovascular disease. In
our study, the proportion of patients who regularly practiced sports
was 30.34% compared to 69.66% who did not practice sports.

Glaucoma, Diabetes, and High Blood Pressure

In this study, the glaucoma population consisted of 28.09%
hypertensives and 7.86% diabetics. The prevalence of hypertension
is estimated at 18.6% (Doulougou, 2015), and that of diabetes
at 4.2% in the Burkinabé population.! Several studies have
evaluated the role of diabetes,*'%3* and hypertension®*3° as
risk factors associated with the occurrence of glaucoma. The
information provided by these studies for the involvement

£
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of these pathologies in the occurrence of glaucoma is mostly
contradictory.* The frequency of hypertension and diabetes is
higher in the glaucoma population than in the general population
in Burkina Faso. However, the role of diabetes and hypertension
as risk factors for glaucoma in the glaucoma population in
Ouagadougou remains to be explored.

Family History of Glaucoma
In our study, 86.85% of patients had a family history of glaucoma.
In general, our results are in agreement with those of other
studies,® which suggested that a family history of glaucoma
constitutes a risk of developing glaucoma. Indeed, Wolfs et al. showed
that first-degree relatives of individuals with glaucoma had a 10%
increased risk of developing glaucoma. Furthermore, relatives of a
person with glaucoma have a 22% lifetime risk of developing POAG,
whereas this risk is 2-3% for relatives of people without glaucoma.’
With regard to family history of glaucoma, Wolfs et al.,
since 1998, have shown that first-degree relatives of people with
glaucoma have a 10% increased risk of developing glaucoma. Also,
according to the team of Racette et al,, relatives of a person with
glaucoma have a 22% lifetime risk of developing POAG, whereas
this risk is 2-3% for relatives of people without glaucoma.” A total
of 69.66% (62/89) of the patients in our study had a history of
glaucoma. As for the use of stimulants, the link with glaucoma
remains less clear, and the results of studies associating them with
the development of glaucoma are contradictory.*

CONCLUSION

This study is an initial investigation of the frequency of the
Glu323Lys mutation of the TIGR/MYOC gene in patients with POAGin
Ouagadougou, Burkina Faso. The heterozygous mutated genotype
(guanine-adenine) with a frequency of 3.37%, and the homozygous
wild-type genotype (GG) was the predominant genotype (96.63%).
It would be interesting in our context to look for the Glu323Lys
mutation in family members of patients with the mutation. In
addition to the Glu323Lys mutation, it would be important to
search for and estimate the frequency of other genetic susceptibility
factors of the TIGR/MYOC gene in our study population. Patients
with glaucoma consumed a minority of tobacco (2.25%), alcohol
(33.7%), and a majority of coffee (59.55%). Sports were identified
in a small proportion of the glaucoma patients in our study
population (30.34%). A case-control and family study would allow
us to better understand the involvement of the Glu323Lys mutation
and to evaluate the role of certain risk factors for glaucoma in the
occurrence of glaucoma in our study population.
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