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Abstract
The aim of this study was to investigate the association of five polymorphisms in the IL1A

and IL1B genes in Brazilian patients with primary open angle glaucoma (POAG). A case–

control study, including 214 unrelated POAG patients and 187 healthy individuals, was

conducted to evaluate the frequency of polymorphisms in the IL1A and IL1B genes.

Ophthalmic evaluation was performed and genomic DNA was obtained from all partici-

pants. Five single nucleotide polymorphisms (SNPs): IL1A (–889C/T: rs1800587:C>T,

þ4845G/T:rs17561G>T) and IL1B (–31C/T:rs1143627:T>C, –511C/T:rs16944C>T and

þ3954C/T:rs1143634:C>T) were genotyped through direct sequencing. The association

of individual SNPs was tested using logistic regression. There was an association between

the –31C/T and –511 C/T polymorphisms in the IL1B gene with POAG (p¼ 0.002 and

p¼ 0.009, respectively). High linkage disequilibrium was observed between the –31C/T

and –511C/T polymorphisms. The statistical analysis showed that the T/C haplotype

(–31/–511) in the IL1B gene is more frequent in controls (p¼ 0.011) and the C/T haplotype

(–31/–511) is more common in POAG patients (p¼ 0.018). Among POAG cases, the geno-

typic distribution of the –31C/T and –511 C/T SNPs was significantly different in patients

who underwent anti-glaucomatous surgery compared to patients without surgery (p¼ 0.016 and 0.023, respectively). There was

no statistically significant difference for the remaining SNPs between POAG patients and controls. In conclusion, the C allele of the

–31C/T and the T allele of the –511C/T polymorphisms in the IL1B gene may represent a “risk haplotype” for the development of

POAG in Brazilian individuals. Further studies with larger cohorts of patients are necessary to substantiate these findings.
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Introduction

Glaucoma is a progressive atrophy of the optic disc char-
acterized by loss of retinal ganglion cells that leads to a
corresponding visual field defect. It is the major cause of
irreversible blindness worldwide.1 Among several forms of
glaucoma, the most prevalent is primary open angle glau-
coma (POAG). POAG is a complex disease associated with
risk factors such as high intraocular pressure (IOP) and
positive family history. In glaucoma, IOP usually rises as

a consequence of increased trabecular meshwork (TM)
resistance to aqueous humor outflow, but the IOP-
induced mechanical effects at the lamina cribrosa do not
explain all the optic nerve damage that occurs during the
course of the disease.2–4 An interaction with other relevant
factors including reduced neurotrophic supply, excitotox-
icity, vascular5–7 and immune system dysregulations,8 and
oxidative stress7,9 may lead to neuronal and TM damage
and hence contribute to the development of glaucoma.

Impact statement
This study is the first, according to our

knowledge, to show the association

between glaucoma and the functional

–31C/T single nucleotide polymorphism.

We provide evidence indicating that

homozygotes CC at –31C/T and TT at –511

C/T of IL1B are at risk for glaucoma. We

also demonstrated that these polymor-

phisms are in strong linkage disequilibrium

(LD). Increasing evidence support the role

of inflammation in glaucoma and this study

is an important result that reinforces these

findings. How IL-1 signaling influences the

triggering and pathogenesis of glaucoma

remains to be investigated. Greater

understanding of the mechanisms leading
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of new management strategies that target

the primary disease lesion and maybe the

discovery of new treatments.
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How genetic and environmental factors interact leading
to the development of POAG is not clearly understood.
Actually, as expected based on its pathophysiology,
the majority of cases of adult-onset POAG are considered
complex traits, resulting from a large number of suscepti-
bility variants in several genes, each one contributing
with smaller effects.10,11 In fact, researchers have found
that disease-causing mutations in genes, which follow a
Mendelian pattern of inheritance, are responsible for less
than 10% of adult-onset POAG.11 Following this approach,
based on linkage studies, 17 loci were associated with
POAG,12–15 but four main genes were identified: Myocilin
(MYOC, GLC1A), Optineurin (OPTN, GLC1E), WD repeat
domain 36 (WDR36, GLC1G), and Neurotrophin-4 (NTF4,
GLC1O). Therefore, GWAS approach as well as case–
control studies involving candidate genes have been per-
formed to identify other variants of small effect for POAG
development. Among them, variations in genes that partic-
ipate in the inflammation cascade have been suggested as
glaucoma modifiers, including interleukin alpha (IL1A),
interleukin beta (IL1B), and tumor necrosis factor alpha
(TNFA).16–18

Interleukin 1 (IL-1) is a keymediator of the inflammatory
process and stimulates the expression of other cytokines,
metalloproteinases (MMPs), and adhesion molecules.19,20

The superfamily of IL-1 includes IL-1a, IL-1b, and IL-ra
proteins, which are encoded by IL1A, IL1B, and IL1RN
genes, respectively. These genes form a cluster at 2q14.2
locus localized in tandem within a �430 kb region. The reg-
ulatory regions of IL1B are distributed over thousands of
base pairs upstream the transcription start point. Several
single-nucleotide polymorphisms (SNPs) are important
regulatory keys, distributed at different sites of the IL-1
genomic sequence, probably changing the affinity of
ligands, creating new binding sites for transcription factors
or interacting with each other to form haplotype struc-
tures.21,22 There are several other ways of influencing activ-
ity and production of IL-1, particularly IL-1 b, including
the inhibition by the IL-1b receptor antagonist (IL-1ra),23

the control at mRNA stabilization level and by post-
translational proteolytic processing, which involves
cellular transport and secretion.24,25 These multiple sites
of regulation suggest that there is a tight control over the
production and activity of IL-1b. Hence, an eventual dys-
regulation or even an interindividual variation may lead to
increased susceptibility to a disease or to a disease per se.

Particularly in glaucoma, Wang et al. described a stress-
induced response elicited in the TM cells, controlled by
IL-1, through the transcription factor NF–jB.26 They
showed that the activation of this pathway might be pro-
tective to TM cells, inhibiting the apoptotic response caused
by oxidative stress. This NF-jB activation can be progres-
sively amplified by an autocrine loop and becomes self-
sustaining, contributing to cell survival after damage by
oxidative injury.

In this study, we aimed to compare the frequency of
alleles and genotypes of the IL1A and IL1B genes between
healthy and glaucomatous patients, as well as to investigate
if haplotypes of IL1A and IL1B genes are risk or protection
factors for glaucoma. The following polymorphisms were

studied: IL1A –899C/T (rs1800587:C>T) and þ4845G/T
(rs17561G>T) and IL1B –31C/T rs1143627:T>C), –511C/
T (rs16944:C>T) and þ3954C/T (rs1143634:C>T).

Material and methods

Subjects

The studied population consisted of 214 randomly selected,
unrelated patients with POAG and 187 healthy unrelated
controls from the Clinical Hospital, University of Campinas
(UNICAMP). Ophthalmic examination included IOP mea-
surement by means of applanation tonometry; slit-lamp
biomicroscopy and gonioscopy; evaluation of the optic
disc with a 78-diopter lens; and automated perimetry
(Humphrey System 24.2; Zeiss-Humphrey-Zeiss Systems,
Dublin, CA, USA). Ocular history was obtained, including
clinical and surgical data. POAG was defined by an open
angle at gonioscopy and at least two of the following char-
acteristics: (1) IOP above 21 mmHg (2) optic disc signs of
glaucomatous damage (including localized neural rim
defect, increased vertical cupping (>0.7), disc hemor-
rhages, and cup asymmetry greater than or equal to 0.2),
and (3) corresponding visual field loss in achromatic peri-
metry (24–2, SITA Standard). The latter was characterized
by the presence of three adjacent points with p< 5%, one of
them being with p< 1% at the “pattern deviation probabil-
ity plot”; “pattern standard deviation” with p< 5% and the
“glaucoma hemifield test” showing “borderline” or
“outside normal limits.” Control subjects with a positive
familiar history of glaucoma, any sign of ocular alterations
suggestive of secondary glaucoma, or other types of glau-
coma were excluded. Normal control subjects had no signs
of glaucomatous optic disc abnormalities and were aged
50 years or older with an IOP � 16 mmHg.

This study was approved by the Ethics Committee of the
University of Campinas (CEP no. 642/2009). The partici-
pating subjects signed an informed consent, in agreement
with the principles enunciated in the Declaration
of Helsinki.

DNA extraction and genotyping

Genomic DNAwas extracted from peripheral blood using a
conventional phenol-chloroform procedure.27 The poly-
morphisms were genotyped through polymerase chain
reaction (PCR) and direct sequencing. Table 1 shows the
sequences of sense and antisense primers for the five
regions encompassing the polymorphisms IL1A (–899C/T
and þ4845G/T) and IL1B (–31C/T, –511C/T, and þ3954C/
T). The primers used for PCR and direct sequencing were
chosen based on the sequences deposited in GenBank. The
conditions of amplification were the same for all polymor-
phisms, except for the annealing temperature, as specified
in Table 1: initial denaturation at 95�C for 5 min, followed
by 35 cycles at 95�C for 1 min, annealing of the primers at a
specific temperature for each region for 1 min and exten-
sion at 72�C for 1 min, ending with additional extension at
72�C for 7 min.

Direct sequencing was performed with BigDye
Terminator Cycle Sequencing Kit v3.1VR (Applied
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Biosystems Inc., Foster City, CA) and submitted to electro-
phoresis in the ABI Prism 3530 DNA Analyzer (Applied
Biosystems Inc., Foster City, CA). Sequencing data were
analyzed through the FinchTV program (Geospiza,
Seattle, WA) and BLAST algorithm in the NCBI server.2.4
(www.ncbi.nlm.nih.gov/Blast).

Statistical analysis

The statistical analysis of demographic data was performed
using the Open-Epi online calculator program (Open
Source Epidemiologic Statistics for Public Health; http://
www.openepi.com/OE2.3/Menu/OpenEpiMenu.htm,
version 2.3.1). For non-parametric comparisons of continu-
ous variables, the Wilcoxon-Mann-Whitney test was
applied. For the analysis of categorical variables and odds
ratios calculation, the chi-square test was used. For geno-
typic comparisons of polymorphisms, we used the SAS
System for Windows (Statistical Analysis System), version
9.2. SAS Institute Inc., 2002–2008, Cary, NC, USA, employ-
ing the logistic regression model. P-values of less than 0.05
were considered statistically significant. The haplotype
analysis was calculated by the Haploview program, version
4.2.28 The Hardy-Weinberg equilibrium test was used for
the analysis of the genotypes’ distribution in this group
of patients.

Results

A total of 214 POAG unrelated patients and 187 healthy
subjects were recruited for the study. Demographic and
clinical features for each group are exhibited in Table 2.

We found no statistically significant differences in age
and gender distribution between the groups. As expected,
mean IOP and cup-to-disc ratio were significantly different.
Alleles and genotypes distributions between cases and con-
trols for the five polymorphisms (IL1A and IL1B) as well as
POAG cases stratified according to the status of anti-
glaucomatous surgery are shown in Table 3. The genotype
distribution was consistent, with the Hardy-Weinberg equi-
librium present in both groups for all polymorphisms.

The IL1A gene exhibited no significant difference
between POAG cases and controls for the –889C/T and
þ4845G/T SNPs. Furthermore, the degree of LD
(D0 ¼ 0.86) between –889C/T and þ4845G/T SNPs was cal-
culated, and there was no statistically significant difference
between cases and controls, and no haplotype block
was formed.

The C allele of the –31C/T IL1B SNP was a risk factor for
glaucoma in this sample of the Brazilian population.
The CC and CT genotypes presented, respectively,
2.445 and 1.815 times more chance (OR) of developing glau-
coma than TT patients (Table 4) (p¼ 0.002 and 0.011, respec-
tively). The significance was maintained when alleles were
compared, with the C allele more frequent among cases
than in controls (OR: 1.546; 95% CI: 1.168–2.05; p¼ 0.002).
The post-hoc power calculation for this association was
84.3%, considering an alpha of 0.05%.

Regarding the –511C/T SNP at the IL1B gene, we
observed that CT patients presented 2.189 times more
chance (OR) of developing glaucoma when compared to
TT patients (p¼ 0.009) (Table 4). The post-hoc power calcu-
lation for this association was 49.4%, considering an alpha

Table 2. Demographic and clinical features of the study subjects.

POAG cases Controls p

Gender (M/F)% (47.62/52.38) (42.47/57.53) 0.314

Age (mean�SD) 66.46� 12.80 67.41� 8.97 0.422

Intraocular pressure (worse eye)

Range 12–60 mmHg 9–16 mmHg

Mean�SD 24.39� 8.17 12.19� 1.65 <0.001*

Vertical cup-disc ratio

Range 0.5–1.0 0.1–0.6

Mean�SD 0.87� 0.12 0.31� 0.13 <0.001*

M: male; F: female; SD: standard deviation; POAG: primary open angle glaucoma.

*p< 0.05.

Table 1. Primers, product sizes, and annealing temperatures for the amplification reactions.

Gene Polymorphism Sequences Size AT (�C)

IL1B þ3954 C/T S 50-TGTTCTTAGCCACCCCACTC-30 239 bp 63

AS 50-AGCGTGCAGTTCAGTGATCG-30

–511 C/T S 50-GAGCTTATCTCCAGGGTTGC-30 309 bp 63

AS 50-TGGGACAAAGTGGAAGACAC-30

–31 T/C S 50-GAGCTTATCTCCAGGGTTGC-30 410 bp 63

AS 50-TGAAGAGAATCCCAGAGCAG-30

IL1A þ4845 G/T S 50-TCTGCTGACTGGGTGATTTC-30 379 bp 63

AS 50-CATCCTCCCCTCCTTTCATT-30

–889 C/T S 50-ATGGGGGCTTCACTATGTTG-30 418 bp 63

AS 50-GACACACCTTGGGCATATCC-30

bp: base pair; S: sense; AS: antisense; AT: annealing temperature.
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of 0.05%. Similar to the –31C/T IL1B SNP, the alleles were
compared and the significance was maintained (OR: 1.49;
CI-95%: 1.121–1.983; p¼ 0.006). The comparison among the
genotypes of the þ3954C/T SNP did not reach, a statisti-
cally significant difference between POAG cases and

controls. Among POAG cases, 174 patients were analyzed
through the comparison of genotypes regarding the
requirement of anti-glaucomatous surgery. Patients with
the CT genotype of the –511 C/T IL1B SNP had 2.414
times more chance of undergoing surgery than TT patients.

Table 3. Genotypic and allelic frequency of the IL1A and IL1B studied polymorphisms in a sample of the Brazilian population of glaucomatous (POAG)

and healthy individuals and surgery frequency among POAG cases.

Gene polymorphism

POAG

cases - n (%)

Controls - n

(%)

Surgical POAG

cases - n (%)

Non-surgical

POAG cases - n (%)

IL1A

–889 C/T

Genotypes

CC 58 (45.67) 72 (51.43) 29 (47.54) 26 (44.07)

CT 58 (45.67) 58 (41.43) 29 (47.54) 27 (45.76)

TT 11 (8.66) 10 (7.14) 3 (4.92) 6 (10.17)

Alleles

C 174 (68.50) 202 (72.14) 87 (71.31) 79 (66.95)

T 80 (31.50) 78 (27.86) 35 (28.69) 39 (33.05)

IL1A

þ4845 G/T

Genotypes

GG 70 (57.38) 64 (56.14) 34 (55.74) 36 (60.00)

GT 49 (40.16) 45 (39.47) 27 (44.26) 22 (36.67)

TT 3 (2.46) 5 (4.39) 0 (0.00) 2 (3.33)

Alleles

C 189 (77.46) 173 (75.88) 95 (77.87) 94 (78.33)

T 55 (22.54) 55 (24.12) 27 (22.13) 26 (21.67)

IL1B

–31 T/C

Genotypes

TT 52 (24.53) 73 (39.25) 20 (19.61) 24 (33.80)

CT 107 (50.00) 82 (44.08) 59 (57.84) 30 (42.25)

CC 54 (25.47) 31 (16.67) 23 (22.55) 17 (23.95)

Alleles

T 211 (49.53) 228 (61.29) 99 (48.53) 78 (54.93)

C 215 (50.47) 144 (38.71) 105 (51.47) 64 (45.07)

IL1B

–511 C/T

Genotypes

CC 59 (27.96) 73 (39.67) 22 (22.00) 27 (38.03)

CT 106 (50.24) 85 (46.20) 59 (59.00) 30 (42.25)

TT 46 (21.80) 26 (14.13) 19 (19.00) 14 (19.72)

Alleles

C 224 (53.08) 231 (62.77) 103 (51.50) 84 (59.15)

T 198 (46.92) 137 (37.23) 97 (48.50) 58 (40.85)

IL1B

þ3954 C/T

Genotypes

CC 83 (66.94) 93 (66.43) 36 (63.16) 38 (67.86)

CT 37 (29.84) 41 (29.28) 20 (35.09) 15 (26.78)

TT 4 (3.22) 6 (4.29) 1 (1.75) 3 (5.36)

Alleles

C 203 (81.85) 227 (81.07) 92 (80.70) 91 (81.25)

T 45 (18.15) 53 (18.93) 22 (19.30) 21 (18.75)

POAG: primary open angle glaucoma.

Table 4. Evaluation of polymorphisms in IL1A and IL1B genes and association with POAG through logistic regression analysis.

Gene polymorphism Genotypes OR CI (95%) p

IL1A–889 C/T CT vs. CC 1.241 0.751–2.051 0.3986

TT vs. CC 1.366 0.542–3.439 0.5085

IL1Aþ4845 G/A GT vs. GG 0.996 0.587–1.688 0.9868

TT vs. GG 0.126 0.126–2.388 0.4237

IL1B–31 T/C CC vs. TT 2.445 1.387–4.311 0.0020*

CT vs. TT 1.815 1.148–2.868 0.0107*

IL1B–511 C/T CC vs. TT 1.543 0.988–2.411 0.0568

CT vs. TT 2.189 1.213–3.952 0.0093*

IL1Bþ3954 C/T CT vs. CC 1.011 0.593–1.725 0.9675

TT vs. CC 0.747 0.204–2.739 0.6599

*p< 0.05; OR = odds ratio; CI = confidence interval.
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Similarly, for the –31C/T IL1B SNP, CT patients presented
2.360 times more chance (OR) of undergoing surgery than
TT subjects (p¼ 0.016 and p¼ 0.023, respectively, Table 5).

In the IL1B haplotype analyses, high LD between the
–511C/T and –31C/T SNPs was observed (D0 ¼ 0.97).
Figure 1 was generated by the Haploview 4.2 program.28

The LD was estimated by calculating D0 and r2 based on D0

between markers of 0.80 and r2> 0.80. The T/C haplotype
(–31/–511) was more frequent in controls, and the C/T hap-
lotype (–31/–511) was more common in POAG cases. This
association between haplotypes and glaucoma was statisti-
cally significant (p values¼ 0.011 and 0.018, respectively)
(Table 6). There was also LD between the �511C/T and
þ3954C/T SNPs, as well as between the �31C/T and
þ3954C/T SNPs (D0 ¼ 0.66; D0 ¼ 0.65, respectively), but no
haplotype block was observed.

Discussion

Aging is a complex phenomenon associated with a gradual
decline in cellular and physiological function, diminished
capacity to respond to stress and increased probability
of developing degenerative diseases.29 The age-related
changes accelerate under the influence of oxidative
stress and the production of reactive oxygen species
(ROS), creating a pro-inflammatory microenvironment.30

Indeed, it is known that chronic inflammation plays
an important role in the initiation and/or progression of
several age-related diseases, including atherosclerosis,
Alzheimer’s disease, osteoarthritis, and cancer.23 The
TM from glaucoma donors shows an increased expression
of a well-established marker of cellular senescence,
SA-beta-galactosidase (SA-b-gal),31 as well as up-
regulation of several proteins associated with inflammatory
response, in agreement with the so-called “inflammaging”
process.26,31–33

A complex phenotype termed senescence-associated
secretory phenotype (SASP), characterized by the produc-
tion of inflammatory cytokines by senescent cells, such as
IL-6, IL-8, IL-1b and the surface-bound IL-1a, has been
described.34,35 The knowledge about the intracellular func-
tion of IL-1a is not clear, but there is a nuclear signal
sequence that allows the binding to a DNA sequence,
which enables the regulation of cell growth and prolifera-
tion, induction of senescence, and secretion of inflammato-
ry cytokines.36 The IL1A SNPs were positively correlated
with several other chronic and neurodegenerative diseases
such as Alzheimer’s.37,38 Previous studies with IL1A SNPs
at the promoter region showed that the –889T allele may be
a risk factor for glaucoma development17 and that the
T allele was associated with an increased production of
IL-1a.39 Other studies, including ours, did not confirm
this finding and all the SNPs of IL1 cluster results are con-
troversial.40–44 We detected LD between �889C/T and
þ4845G/T SNPs at IL1A, as previously described, but no
haplotype block was observed.45 Moreover, we found no
difference between POAG cases and controls, both in hap-
lotype analysis and single-marker SNP analysis. This SNP
has been positively correlated with several other chronic
and neurodegenerative diseases such as Alzheimer’s.37,38

Regarding IL1B SNPs, the –31C/T and –511C/T have
been associated with clinical conditions such as gastric
and lung cancer,21 periodontitis,46 and cardiovascular

Table 5. Evaluation of polymorphisms in IL1A and IL1B genes after stratification of the patients according to the requirement of anti-glaucomatous

surgery through logistic regression analysis.

Gene polymorphism Genotypes OR CI (95%) p

IL1A–889 C/T CTþTT vs. CC 0.869 0.424–1.784 0.7029

IL1Aþ4845 G/A GTþTT vs. GG 1.191 0.578–2.453 0.6354

IL1B–31 T/C CC vs. TT 1.666 0.683–4.059 0.2616

CT vs. TT 2.414 1.182–4.930 0.0156*

IL1B–511 C/T CC vs. TT 1.624 0.685–3.849 0.2712

CT vs. TT 2.360 1.128–4.939 0.0227*

IL1Bþ3954 C/T CTþTT vs. CC 1.231 0.566–2.679 0.5996

*p< 0.05; OR = odds ratio; CI = confidence interval.

Figure 1. Haplotype structure of SNPs in the IL1A and IL1B genes. The linkage

disequilibrium (LD) was estimated by calculating D0 and r2, based in D0 between

markers of 0.80 and r2> 0.80. The image was generated by Haploview 4.2.

(A color version of this figure is available in the online journal.)
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diseases.47 Previous studies showed controversial results
for the association between –511C/T IL1B polymorphism
and glaucoma.48 Wang et al.49 compared 245 healthy
Chinese individuals to 231 normal-tension glaucoma
(NTG) patients and found no association between –511C/
T and þ3954C/T SNPs and the disease. Similarly, in a dif-
ferent Chinese population of 58 POAG patients and 105
healthy controls, Lin et al. showed no association between
–511C/T and glaucoma.50 Another study by How et al.41

confirmed these results and reported no association
between –511 C/T, þ3954C/T, and POAG. A recent study
testing a cluster of SNPs in the IL-1 region showed no asso-
ciation with glaucoma, but the population included
NTG patients.51

On the other hand, Markiwiecz et al. found an associa-
tion between the –511 C/T variant and the risk of POAG,
in accordance with our study. They studied 255 POAG
patients and 256 controls in a Caucasian population.48

The lack of association observed with the –511 C/T poly-
morphism in previous studies suggests that the number of
subjects included in these studies may not be enough to
establish a statistically significant association, or that the
ethnicity may have an influence on this association. As pre-
viously described by Rogus et al.,52 the CC homozygosity
of –511 C/T is associated with increased IL-1b activity in
tissue fluid and IL-1b production by peripheral blood
mononuclear cells, while the TT homozygosity is not. The
heterozygotes depend on other SNPs in a haplotype context
to determine high levels of IL-1b. The genotype–phenotype
correlation in this case is not well established.

The –31T/C SNP showed a statistically significant dif-
ference between glaucomatous phenotype and healthy
individuals in this cohort. The variation of genetic charac-
teristics regarding the promoter activity of IL1B may be
complex. There is a typical TATA box as well as multiple
transcription factors binding sites, including the CCAAT/
enhancer-binding protein b, cAPM responsive element,
nuclear factor kappa B, Spi/PU.1, and binding sites for
NF-IL6 and AP1 proteins distributed at the regulatory
region of the IL1B gene.24,53 Also, within the region encom-
passed by nucleotides –570 to –552, a consensus sequence
for a negative glucocorticoid response element and a tran-
scription activator protein-2 binding site were docu-
mented.54 None of the above elements seem to be
compromised by the –511C/T SNP. However, the “C”
allele of the –31C/T SNP at the –31 promoter position dis-
rupts a “TATA” box, affecting the transcription activity of
the IL1B promoter and leading to allele-specific binding of
transcription factors.22 This variation seems to affect IL-1b
production. In fact, an increased production of IL-1b in the

presence of the T allele of the –31C/T SNP has been previ-
ously demonstrated.21,55,56 This is in accordance with the
results observed for the –511C/T SNP, once there is a high
degree of LD in a Caucasian population from the USA
(ARIC—Atherosclerosis Risk in Communities study)
between –31C/T and –511C/T.52,57 However, isolated SNP
analysis does not seem to better represent the genotype–
phenotype correlation, and the biological activity of IL-1
seems to be based on haplotype structure rather than on
isolated SNP variation.22

There is now increasing evidence that genes codifying
inflammatory cytokines are polymorphic and various
alleles may differ in their capability to produce the cyto-
kine. There are 20 annotations of IL1B-validated genetic
variations (SNPs), and several in the promoter region,
making the comparison of haplotypes with different
SNPs difficult.22 Markiewicz et al.48 analyzed only the
–511C/T SNP in common with our study, so it was not
possible to compare our haplotype results. How et al.41 ana-
lyzed three SNPs (–899 IL1A, –511 IL1B, and þ3954 IL1B)
and the haplotype analyses were performed without the
–31 T/C SNP. Lin et al.50 included only two IL1B SNPs:
–511 and an exon 5 SNP (with no identification), and no
haplotype analysis was performed. The combination of
these variations and how IL1 signal transduction is related
with the pathogenesis of glaucoma remains to be
investigated.

The þ3954C/T is another SNP that has been reported to
influence the production of IL-1b protein.58 The IL1B
þ3954C/T SNP is a synonymous variant that does not
change amino acid coding. It may, however, lead to inacti-
vation of the original splicing site. The alternative splicing
results in a premature stop codon or exon skipping, which
can result in a truncated protein that is likely to be rapidly
degraded or functionally inactive.59 The global analysis in
this study of þ3954C/T showed no association between
cases and controls, but considering that the �31TT/
�511CC is a “protection haplotype,” 51.3% of total subjects
with the “protection haplotype” have the T allele of
þ3954C/T, compared to 13% of subjects with the “risk hap-
lotype �31CC/�511TT,” showing a tendency of protection
for the T allele, although it does not reach statistical signif-
icance. Fini et al. showed a protection effect of the Tallele of
þ3954C/T SNP in Caucasian POAG patients, but no asso-
ciation with –511C/T SNP.16 One possible explanation is
that protection can indirectly represent the �31T/C associ-
ation, as there is some degree of LD betweenþ3954C/Tand
–31C/T SNPs, findings that were confirmed by other
authors,47 although no haplotype block has been observed
in this study. Further investigation is necessary to

Table 6. Frequency of –31 T/C and –511C/T haplotypes between cases and controls.

–31 T/C –511C/T

Frequency

(cases)

Frequency

(controls) Chi-square p

T C 0.493 0.600 6.47 0.011*

C T 0.468 0.370 5.55 0.019*

C C 0.035 0.023 0.80 0.371

T T 0.004 0.008 0.39 0.534
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understand how the SNPs are structurally correlated and
how they could influence IL-1 expression.

Based on previous studies, this “protection haplotype”
is correlated with increased IL-1b expression, and the aug-
mented IL-1 production by TM cells may have beneficial
effects on glaucoma. IL-1 is capable of increasing outflow
facility, and, consequently, may lead to the reduction of
IOP.60,61 The production of local MMPs downstream of
this IL-1-induced pathway may diminish the resistance to
drainage, reducing IOP, and protecting against glaucoma.62

In fact, when human anterior segment organ culture is per-
fused with MMP-3, an increased aqueous humor
outflow facility is observed, whereas IL-1a blockage
reduces outflow rates.63 Consequently, extracellular
matrix turnover, initiated by one or more MMPs, appears
to be essential to the maintenance of IOP homeostasis. Birke
et al. showed that IOP reduction by IL-1 is counteracted by
TGF-b2, which is elevated in the aqueous humor of glau-
coma patients.61,64 TGF-b2 increases the synthesis and
secretion of matrix proteins, fibronectin, elastin, and pro-
teoglycans, while it decreases the synthesis of proteolytic
enzymes degrading these proteins, causing reduced out-
flow facility.65

Another potential positive effect of IL-1 is that it could
prevent cellular death by inhibition of the apoptotic
response through the NF-kB pathway, induced by oxida-
tive stress.26 The stress-induced response, described by
Wang et al., indicates that IL-1 has a central role in the
production of endothelial leucocyte adhesion molecule-1
(ELAM-1 or E-selectin). It is present at the outflow pathway
of the TM of diverse types of glaucoma, identified as a first
molecular marker of human glaucoma.26,66 Cumulative oxi-
dative stress is capable of eliciting a sustained stress
response, inducing the production of intracellular ROS in
mitochondria: induction of IL-1a, IL-1b and ELAM-1 and
activation of NF-jB pathway.32 A recent study showed that
MYOC mutations can stimulate the NF-kB/IL-1 pathway,
and that wild-type MYOC inhibits the activation of this
pathway acquiring an anti-inflammatory role.67 What actu-
ally happens to change the balance towards the disease is
unclear, and further studies are necessary to explain the
role of IL-1 in glaucoma.

The need of surgical procedures (when topical drugs
were not enough to control IOP) may indirectly represent
higher severity of glaucoma. Indeed, the patients who did
not need anti-glaucomatous surgery to control IOP had
higher frequency of the TT genotype of the –31 SNP
(p¼ 0.016), indicating a beneficial effect of IL-1 and a pro-
tective role of this genetic variation.

Conclusion

In conclusion, this study is the first, according to our
knowledge, to show the association between glaucoma
and the functional –31C/T SNP. We provide evidence indi-
cating that homozygotes CC at –31C/T and TT at –511 C/T
of IL1B gene are at risk for glaucoma. We also demonstrated
that these polymorphisms are in quite strong LD. How IL-1
signaling influences the triggering and pathogenesis of
glaucoma remains to be investigated.
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and review of the article. Mônica Barbosa de Melo participated
in the design, interpretation of the studies, analysis of the data,
and review of the article.

ACKNOWLEDGMENTS

We would like to thank the patients for their valuable
collaboration.

DECLARATION OF CONFLICTING INTERESTS

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

FUNDING

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This work was supported by FAPESP (grant 2010/
18353-9).

ORCID iD

Mariana B Oliveira http://orcid.org/0000-0002-1726-7460

REFERENCES

1. Quigley HA. The number of people with glaucoma worldwide in 2010

and 2020. Br J Ophthalmol 2006;90:262–7
2. ArmalyMF, Krueger DE, Maunder L, Becker B, Hetherington JJ, Kolker

AE, Levene RZ, Maumenee AE, Pollack IP, Shaffer RN. Biostatistical

analysis of the collaborative glaucoma study. I. Summary report of the

risk factors for glaucomatous visual-field defects. Arch Ophthalmol

1980;98:2163–71

3. Quigley HA, Enger C, Katz J, Sommer A, Scott R, Gilbert D. Risk factors

for the development of glaucomatous visual field loss in ocular hyper-

tension. Arch Ophthalmol 1994;112:644–9
4. Anderson DR. Collaborative normal tension glaucoma study. Curr Opin

Ophthalmol 2003;14:86–90
5. Nicolela MT. Clinical clues of vascular dysregulation and its associa-

tion with glaucoma. Can J Ophthalmol 2008;43:337–41
6. Prünte C, Orgül S, Flammer J. Abnormalities of microcirculation in

glaucoma: facts and hints. Curr Opin Ophthalmol 1998;9:50–5
7. Grieshaber MC, Mozaffarieh M, Flammer J. What is the link between

vascular dysregulation and glaucoma? Surv Ophthalmol

2007;52:S144–54

8. Stasi K, Nagel D, Yang X, Wang R-F, Ren L, Podos SM, Mittag T, Danias

J. Complement component 1Q (C1Q) upregulation in retina of murine,

primate, and human glaucomatous eyes. Invest Ophthalmol Vis Sci

2006;47:1024–9

9. Liu Q, Ju W-K, Crowston JG, Xie F, Perry G, Smith MA, Lindsey JD,

Weinreb RN. Oxidative stress is an early event in hydrostatic pressure-

induced retinal ganglion cell damage. Invest Ophthalmol Vis Sci

2007;48:4580–9

10. Fan BJ, Wang DY, Lam DSC, Pang CP. Gene mapping for primary open

angle glaucoma. Clin Biochem 2006;39:249–58

11. Mahdy MA-MS. Gene therapy in glaucoma – part 2: genetic etiology

and gene mapping. Oman J Ophthalmol 2010;3:51–9

Oliveira et al. IL1A and IL1B polymorphisms and POAG 1089
...............................................................................................................................................................

http://orcid.org/0000-0002-1726-7460
http://orcid.org/0000-0002-1726-7460


12. Fan BJ, Wiggs JL. Glaucoma: genes, phenotypes, and new directions for

therapy. J Clin Invest 2010;120:3064–72
13. Rao KN, Nagireddy S, Chakrabarti S. Complex genetic mechanisms in

glaucoma: an overview. Indian J Ophthalmol 2011;59:S31–42
14. Fingert JH, Robin AL, Stone JL, Roos BR, Davis LK, Scheetz TE, Bennett

SR, Wassink TH, Kwon YH, Alward WLM, Mullins RF, Sheffield VC,

Stone EM. Copy number variations on chromosome 12q14 in patients

with normal tension glaucoma. Hum Mol Genet 2011;20:2482–94
15. Porter LF, Urquhart JE, O’Donoghue E, Spencer AF, Wade EM, Manson

FDC, Black GCM. Identification of a novel locus for autosomal domi-

nant primary open angle glaucoma on 4q35.1-q35.2. Invest Ophthalmol
Vis Sci 2011;52:7859–65

16. Fini M, Wang C-Y, Farthing-Nayak PJ, Budenz DL, Ventura LM, Polk

M, Venkatramen A, Gorin MB, Schuman JS; Miami-Pittsburgh

Glaucoma Genetics Group. Polymorphisms in the IL-1 gene cluster

associated with reduced risk for primary open angle glaucoma in

Caucasians. ARVO Meet Abstr 2005;46:2369
17. Wang CY, Shen YC, Lo FY, Su CH, Lee SH, Lin KH, Tsai HY, Kuo NW,

Fan SS. Polymorphism in the IL-1alpha (–889) locus associated with

elevated risk of primary open angle glaucoma. Mol Vis 2006;12:1380–5
18. Xin X, Gao L, Wu T, Sun F. Roles of tumor necrosis factor alpha gene

polymorphisms, tumor necrosis factor alpha level in aqueous humor,

and the risks of open angle glaucoma: a meta-analysis. Mol Vis
2013;19:526–35

19. Dinarello CA. IL-1: discoveries, controversies and future directions. Eur
J Immunol 2010;40:599–606

20. Dinarello CA. A clinical perspective of IL-1b as the gatekeeper of

inflammation. Eur J Immunol 2011;41:1203–17
21. Landvik NE, Hart K, Skaug V, Stangeland LB, Haugen A, Zienolddiny

S. A specific interleukin-1B haplotype correlates with high levels of

IL1B mRNA in the lung and increased risk of non-small cell lung

cancer. Carcinogenesis 2009;30:1186–92
22. Chen H, Wilkins LM, Aziz N, Cannings C, Wyllie DH, Bingle C, Rogus

J, Beck JD, Offenbacher S, Cork MJ, Rafie-Kolpin M, Hsieh CM,

Kornman KS, Duff GW. Others Single nucleotide polymorphisms in

the human interleukin-1B gene affect transcription according to haplo-

type context. Hum Mol Genet 2006;15:519–29
23. Arend WP. The balance between IL-1 and IL-1Ra in disease. Cytokine

Growth Factor Rev 2002;13:323–40

24. Auron PE, Webb AC. Interleukin-1: a gene expression system regulated

at multiple levels. Eur Cytokine Netw 1994;5:573–92

25. Fenton MJ. Review: transcriptional and post-transcriptional regulation

of interleukin 1 gene expression. Int J Immunopharmacol 1992;14:401–11
26. Wang N, Chintala SK, Fini ME, Schuman JS. Activation of a tissue-

specific stress response in the aqueous outflow pathway of the eye

defines the glaucoma disease phenotype. Nat Med 2001;7:304

27. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a laboratory
manual. 2nd ed. New York: Cold Spring Harbor Laboratory Pr, 1989.

28. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visuali-

zation of LD and haplotype maps. Bioinformatics 2005;21:263–5
29. Beckman KB, Ames BN. The free radical theory of aging matures.

Physiol Rev 1998;78:547–81

30. Ren J-L, Pan J-S, Lu Y-P, Sun P, Han J. Inflammatory signaling and

cellular senescence. Cell Signal 2009;21:378–83
31. Liton PB, Challa P, Stinnett S, Luna C, Epstein DL, Gonzalez P. Cellular

senescence in the glaucomatous outflow pathway. Exp
Gerontol 2005;40:745–8

32. Li G, Luna C, Liton PB, Navarro I, Epstein DL, Gonzalez P. Sustained

stress response after oxidative stress in trabecular meshwork cells. Mol
Vis 2007;13:2282–8

33. Olivieri F, Rippo MR, Prattichizzo F, Babini L, Graciotti L, Recchioni R,

Procopio AD. Toll like receptor signaling in “inflammaging”:

microRNA as new players. Immun Ageing 2013;10:11
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