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Glaucoma is a prevalent disease seen in the Ophthalmology department that includes a group of neurodegenerative eye pathologies associated with
total loss of vision. It is known for its clinical diversity and secondary to this, it is assumed that multiple genes play a role in its pathogenesis.
Among these, those that regulate the immune response which includes the HLA genes are of particular interest because they have been associated
with a subgroup of glaucoma patients known as Primary Open Glaucoma.

In this study, we studied 3 different groups of patients with glaucoma in whom HLA alleles were determined by sequence-specific primers (SSP)

An association of HLA-DRB1*16 was found with the susceptibility to develop Primary Congenital Glaucoma. In addition, HLA-DRB1*14 was
associated with glaucoma without angular dysgenesis, and HLA-DRB1*03 to glaucoma with iridocorneal dysgenesis.

In conclusion, the data obtained allow us to suggest that glaucoma is a clinical and genetically heterogeneous disease in which one of the
subgroups has an autoimmune mechanism in which the Mexican mestizo population shows genetic susceptibility and it differs from POAG with
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1. INTRODUCTION

Glaucoma is a term that describes a group of neurode-
generative eye pathologies characterized by the progressive
and irreversible destruction of ganglion cells of the retina that
is accompanied by morphological changes in the retina, among
which the excavation of the optic nerve stands out. These
neurodegenerative processes are associated with decreased
visual field followed by total loss of vision [1 - 3].
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Primary open-angle glaucoma (POAG) has been defined as
a progressive disease of the ganglion cells of the retina
characterized by structural changes in the optic disc and by
slow and progressive loss of vision [4]. It is a clinically
heterogeneous and also heterogeneous disease from the genetic
point of view.

Genes related to glaucoma are known, but given the
clinical diversity of the condition, the existence of multiple
genes additional to those already described is assumed [5 - 7].

Among the relevant genes to study, are those that regulate
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the immune response within the short arm of Chromosome 6,
in the region of the Major Histocompatibility Complex (MHC),
which includes the HLA genes, the genes of the tumor necrosis
factor-alpha (TNF-ALPHA), and complement genes, among
others [8, 9].

The MHC studies in Mexican patients showed an
association of the allele HLA-DRB1*03-DQB1*0201 and of
the allele HLA-DRB1*04 (0407) - DQB1*0302 with POAG
[10, 11].

In this work, we included 3 different groups of patients
with glaucoma in whom the MHC genes were studied in order
to first understand the role of the genes that regulate the
immune response in each of the glaucoma groups and secondly
the role of ethnicity in genetic susceptibility to the
development of glaucoma.

2. MATERIALS AND METHODS

2.1. Patients

A total of 45 patients from the ophthalmology department
of the Association to Prevent Blindness in Mexico (APEC)
were divided into 3 groups: group 1 consisted of 14 patients
with Primary Congenital Glaucoma (PCG). Group 2 included
16 patients with a diagnosis of POAG with dysgenesis
alterations of the iridocorneal angle (long iridian processes,
irregular or abnormally high iris insertion, etc). Finally, group
3 comprised 15 patients with POAG without dysgenesis
alterations.

In the three groups, the allele gene frequencies and
haplotypes of HLA-A, HLA-B, HLA-DRBI, and HLA-DQBI1
were determined.

2.2. Inclusion and Exclusion Criteria for each Group

A complete ophthalmological examination was performed
in all patients, including visual acuity, slit-lamp examination,
intraocular ~ pressure = measurement, gonioscopy, and
measurements of the corneal diameter.

For group 1, the diagnosis of congenital glaucoma was
made when the ophthalmological examinations were consistent
with the diagnosis of congenital glaucoma, including children
<3 years olds with elevated IOP (measured in the operating
room with Schiotz tonometer and/or Icare Pro, established by
curve adjusted to age), increased corneal diameter, corneal
edema, increased axial length, and glaucomatous cupping of
the optic nerve.

Almost 100% of the patients with the diagnosis of
congenital glaucoma required surgical procedures for the
treatment of the pathology, and most of them required
conventional angle surgery such as goniotomy or
trabeculotomy ab externo; 65% percent of the patients with the
diagnosis required the use of antiglaucoma drops, being the
most frequently used beta-blockers and carbonic anhydrase
inhibitors.

The inclusion criteria for group 2 were adult patients (>40
years old) who had a diagnosis of POAG with
Goniodvsgenesis (dysgenesis iridocorneal angle), with the
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following characteristics: intraocular pressure exceeding 24
mmHg, optic nerve damage, and abnormalities/malformations
of the iridocorneal angle in the gonioscopic exam including at
least one long iridian process, abnormally high insertion of the
iris, anomalous line of Schwalbe, opaque pre-trabecular
membrane, an iridocorneal sine qua, and irregular insertion of
the iris.

Glaucoma was confirmed with abnormalities in visual
fields and abnormalities of the nerve fiber layer and ganglion
cell complex in optic coherence tomography (OCT).

All of the patients of group 2 were on antiglaucoma drops
and most of them were also treated with glaucoma filtering
surgery (trabeculectomy and Ahmed glaucoma valve).

For group 3, the inclusion criteria were adult patients (>40
years old) with a diagnosis of glaucoma made by intraocular
pressure exceeding 24 mmHg and/or optic nerve damage,
confirmed by abnormalities in visual fields and abnormalities
in optic coherence tomography of the nerve fiber layer and
ganglion cell complex consistent with glaucoma. In the
gonioscopic exam, an open angle without angle abnormalities
was required.

For this group, the most frequent treatment used was anti-
glaucoma drops (prostaglandin analogues and beta-blockers in
90% of them), followed by filtering surgery and SLT (selective
laser trabeculoplasty).

Exclusion criteria for all groups were the presence of other
ocular pathologies and other types of glaucoma, including
secondary open-angle glaucomas, glaucomas associated with
nonacquired ocular anomalies, and glaucoma associated with
acquired conditions. Furthermore, patients with systemic
pathologies were excluded.

All controls/normals were examined in general practice
(not ophthalmologic).

Inclusion criteria were no history of ophthalmologic
problems, no known family members with glaucoma, and
normal (corrected) vision.

2.3. HLA System Gene Typification

Genetic variants (alleles) of the loci HLA-A, HLA-B,
HLA-DRBI1, and HLA-DQBI1 were studied using the technique
of sequence-specific primers (SSP) after DNA amplification
using the Polymerase Chain Reaction (PCR).

Genomic DNA was extracted from peripheral blood
mononuclear cells and developed using the InVitro Gene
reagents (California USA).

Gene frequencies and haplotypes of the MHC loci in the
three study groups were established and were compared with
those obtained in a group of 99 healthy Mexican mestizo
individuals with no family history of glaucoma.

The differences between the patients with glaucoma and
the control group and between each of the glaucoma groups
with the control group were analyzed by nonparametric
statistics that included Chi-square test and Fisher exact test,
using Epi Info 11.0 statistical package, which includes STAT
CALC subprogram, based on 2x2 contingency tables.
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Significant statistical difference was established when P values
were lower than 0.05.

3. RESULTS

Table 1 shows the gene frequencies of HLA-DRBI1 alleles
in patients with PCG (group 1) and POAG with angular
dysgenesis (group 2) compared to healthy Mexican Mestizo
controls.

As can be seen, there is a significant increase in the HLA
DRBI1*16 alleles in patients of groups 1 and 2 (P=0.05,
OR=3.5, 95% CI=0.8-14.6). In the same way, a statistically
significant decrease of the HLA-DR?7 allele was found in these
groups when compared with healthy individuals (P = 0.03) and
finally, an increased tendency of the HLA-DRB1*03 allele
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compared to healthy ones was observed (P = 0.09).

When separating group 1 (PCG) from group 2 (POAG), it
was found that the association with HLA-DR*16 is more
evident in group 1, increasing Relative Risk to 4.6 (95%
CI=0.8-24.2). Likewise, it should be noted that no patient with
PCG was positive for HLA-DRB1*07, which when compared
to controls shows a statistically significant difference (P =
0.04). These data are shown in Table 2.

Table 3 compares the gene frequencies of HLA-DRBI1
alleles in patients with POAG without angular dysgenesis
(group 3) and healthy controls, in which a significant increase
in HLA-DRB1*14 was observed (P = 0.04, OR =2.5, 95% CI =
0.8-7.2).

Table 1. Gene frequency of HLA-DRBI1 alleles in Mexican mestizo patients with Primary Open Angle Glaucoma with
angular dysgenesis alterations and Primary Congenital Glaucoma compared to healthy subjects.

Glaucoma patients Controls
HLA-DRB1* N=30 N=99 P OR 95% CI
(60) (198)
n gene frequency n gene frequency
DRB1*04 18 0.300 47 0.237
DRB1*08 10 0.166 33 0.166
DRB1*03 7 0.116 11 0.055 0.09 2.2 0.7-6.6
DRB1*14 6 0.100 20 0.101
DRB1*01 5 0.083 10 0.050
DRB1*16 5 0.083 4 0.025 0.05 3.5 0.8-14.6
DRBI1*15 3 0.050 11 0.065
DRB1*13 2 0.033 10 0.050
DRB1*07 1 0.016 22 0.111 0.03 | 0.13 0.017-1.02
DRB1*¥10 1 0.016 01 0.005
DRBI1*11 1 0.016 20 0.100
DRB1*¥12 1 0.016 01 0.005

Table 2. Gene frequency of HLA-DRBI1 alleles in Mexican mestizo patients with Primary Congenital Glaucoma compared to

healthy Mexican mestizo controls.

PCG patients Controls
N=14 N=99
HLA-DRB1* (28) (198) P OR 95% CI
n gene frequency n gene frequency
DRB1*04 6 0.214 47 0.237
DRBI1*08 6 0.214 33 0.166
DRB1*14 4 0.142 21 0.105
DRBI1*03 3 0.107 11 0.055
DRB1*16 3 0.107 5 0.025 0.06 4.6 0.8-24.2
DRBI1*15 2 0.071 13 0.065
DRB1*01 2 0.071 10 0.050
DRB1*13 1 0.035 10 0.050
DRB1*11 1 0.035 20 0.100
DRBI1*07 0 0.000 22 0.111 0.04 18 0.01-1.3
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Table 3. Gene frequency of HLA-DRBI alleles in Mexican mestizo patients with Primary Open Angle Glaucoma compared to

healthy controls without angular dysgenesis.

POAG Patients Controls
N=15 N=99
HLA-DRBI1* 30) (198) P OR 95% CI
n gene frequency n gene frequency
DRBI1*04 8 0.266 47 0.237
DRBI1*14 7 0.233 21 0.105 0.06 | 2.5 0.8-7.2
DRBI1*08 3 0.100 33 0.165
DRBI1*01 3 0.100 10 0.050
DRB1*07 3 0.100 22 0.111
DRBI1*03 2 0.066 11 0.055
DRBI1*15 2 0.066 13 0.065
DRBI1*11 1 0.033 20 0.100
DRBI1*10 1 0.033 01 0.005

4. DISCUSSION

This study found an association of HLA-DRB1*16 with
the susceptibility to the development of PCG, and a protective
effect of HLA-DR*07 in patients with PCG and POAG with
dysgenetic alterations in the iridocorneal angle. Interestingly,
this protective effect has also been observed in Mexican
patients with diabetic retinopathy [9]. Although the HLA-
DR*07 protective effect was not seen in patients with POAG
without angular dysgenesis, these associations became even
more evident when separating group 1 from group 2.

If we compare the groups of POAG with angular
dysgenesis alterations (group 1) and PCG (group 2) against the
group of POAG without dysgenesis alterations (group 3), we
observe that the collection of immunogenetic markers is
different. For instance, HLA-DRB1*07 seems to act as a
protective factor, whereas HLA-DRB1*03 may play a role as a
risk factor during the onset of the disease with angular
dysgenesis. In addition, HLA DRB1*14 seems to be a risk
factor in the appearance of POAG without angular dysgenesis.

Findings of association between HLA-DRB1*16 and PCG
development are interesting since it is a frequent allele in the
Mexican population (mestizo and indigenous). Based on the
fact that HLA-DRB1*07 exists in the Mexican population
through miscegenation with Europeans, it is likely that that
PCG in Mexico may have an indigenous genetic background.

When analyzing exclusively the groups of POAG without
dysgenesis against the group of healthy individuals, an
association with HLA-DRB1*14 in the group of POAG
without dysgenesis was observed.

This work confirms data gathered previously in which,
although not statistically significant, a high gene frequency of
HLA-DRB1*14 and HLA-DRB1*03 alleles was found in
patients with POAG [12]. In this study, an association of HLA-
DRB1*14 was found in patients with glaucoma without
angular dysgenesis and HLA-DRB1*03 in patients with
glaucoma with iridocorneal dysgenesis, with a statistically
significant difference for each of them when compared with
controls (Tables 1 and 3).

In 1998, Wax et al. first described the involvement of the

immune system in glaucoma after the detection of antibodies
against the toxic shock protein (HSP) in serum of patients with
normal-tension glaucoma [13]. In the following years, different
antibodies have been described in patients with glaucoma, such
as anti-gamma-enolase, neuron-specific, anti-glycosaminogly-
cans, and anti-beta 2 adrenergic receptor [14, 15].

Although the exact disease mechanism has not been
established, the presence of diverse autoantibodies against
ocular proteins and the presence of HLA-DRB1*03 supports
the hypothesis that the etiopathogenesis of glaucoma has an
autoimmune origin.

CONCLUSION

Data obtained in this study allow us to suggest a possibly
different etiopathogenesis between the groups of POAG with
angular dysgenesis and POAG without dysgenesis. Studies
with a larger number of patients will be needed to corroborate
these results.
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