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1. Introduction
Glaucoma is a complex disease that comprises a group of heterogeneous optic neuropathies
characterized by a progressive degeneration of the optic nerve head and visual field defects.
It starts with unnoticeable blind spots at the edges of field vision progressing to the tunnel
vision and finally leading to blindness (Quigley & Broman, 2006). The disease process is
insidious, and the central vision is usually not lost until the disease is advanced, a significant
proportion of individuals remain either undiagnosed or undertreated. The most common
forms of glaucoma are age-related, generally beginning in midlife and progressing slowly
but relentlessly as the age advances (A.T.G.S.R.S.G., 2009). If detected early enough, disease
progression can be slowed with drug and/or surgical treatment, emphasizing the
importance of identifying the disease in its earliest stages.
Glaucoma is broadly classified into primary and secondary glaucoma based on their
etiology and aqueous humor dynamics (Shields, 2005). Based on anatomy of the anterior
chamber (gonioscopy), primary glaucomas are further classified as primary open angle
glaucoma (POAG) and primary angle closure glaucoma (PACG). Depending on the time of
onset, glaucoma is also termed as infantile, juvenile and adult type. Rarely glaucoma may be
found in babies at birth this form of glaucoma called congenital glaucoma. Secondary
glaucomas are characterized by the involvement of predisposing ocular or systemic diseases
such as uveitis, trauma, or diabetes thereby resulting in an alteration of aqueous humor
dynamics. Pseudoexfoliation glaucoma (XFG) and pigmentary glaucoma (PG) are the most
frequently reported type of secondary glaucoma (Shields, 2005).
Glaucoma affects 70 million people and is the second leading cause of blindness worldwide.
It is estimated that by the year 2020, this number would rise to around 79.6 million (Quigley
& Broman, 2006). The prevalence of glaucoma varies widely across the different ethnic
groups (He et al., 2006; Wong et al., 2006; Sakata et al., 2007; Cedrone et al., 2008; Vijaya et
al., 2008a; 2008b; Pekmezci et al., 2009) and is significantly higher in blacks (4.7%) as
compared to in the white (1.3%) population (Kwon et al., 2009). Primary open angle
glaucoma is the predominant disease among whites and Africans (Tielsch et al., 1991; Klein
et al., 1992; Rotchford & Johnson, 2002; Rotchford et al., 2003; Varma et al., 2004; Friedman et
al., 2006; Sakata et al., 2007) while PACG is a major form of glaucoma in Asians (Hu et al.,
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1989; Jacob et al., 1998; Foster & Johnson, 2001; Casson et al., 2007). Epidemiological studies
reveal that the prevalence of POAG around the world varies by about 2 orders of magnitude
with the lowest estimates found among Eskimos (0.06%) residing in Alaska (Arkell et al.,
1987) and the highest prevalence among African-derived people living in the Caribbean
(7.1− 8.8%) (Mason et al., 1989; Leske et al., 1994). PACG is leading cause of the most of the
bilateral glaucoma related blindness in Singapore, China, and India. It has been estimated
that PACG blinds more people than POAG worldwide (Dandona et al., 2000; Foster et al.,
2000). According to a recent study glaucoma is the major cause of blindness in Saudi Arabia.
The prevalence of both POAG and PACG is higher in western region of Saudi Arabia as
compared to other Asian countries (Eid et al., 2009). To date no national study has been
undertaken to determine the exact prevalence of glaucoma in this country.
Elevated intraocular pressure (IOP) is a major risk factor in glaucoma which is supported by
the fact that experimentally induced elevation of IOP leads to glaucoma in animals
(Levkovitch-Verbin et al., 2002). The etiology of raised IOP and resulting glaucoma is not fully
understood. Fluid formed by the ciliary body (aqueous humor) is removed by the trabecular
outflow pathways, which includes the trabecular meshwork, the juxtacanalicular connective
tissue, the endothelial lining of Schlemm’s canal, and the collecting channels and the aqueous
veins (A.T.G.S.R.S.G., 2009). The IOP is dependent on the rate of fluid removal, which under
normal conditions matches the rate of formation. In most patients with glaucoma, the rate of
fluid removal declines so that it no longer keeps pace with the rate of formation resulting in
the increased IOP. The increase in IOP has been associated with genetic factors, age and
oxidative stress (Tschumper & Johnson, 1990; Leske et al., 1995; Green et al., 2007). Although
elevation of intraocular pressure (IOP) is often related to the optic nerve damage in glaucoma,
factors other than IOP are likely to play a role in the pathogenesis of glaucomatous optic
neuropathy, particularly in individuals with normal tension glaucoma (NTG).
The loss of retinal ganglion cells (RGC) is the typical pathology in glaucoma. Progressive loss
of optic nerve axons and RGCs result in characteristic optic nerve atrophy and visual field
defects in glaucoma patients. A number of hypotheses have been put forward that describe the
sequence of events responsible for triggering ganglion cell degeneration in glaucoma. These
include compromised blood flow of the optic nerve, mechanical compression due to raised
IOP, loss of neurotrophic factors, autoimmune mechanisms, nitric oxide-induced injuries to
the optic nerve and glutamate excitotoxicity (Mozaffarieh et al., 2008). A combination of these
factors may be involved in causing glaucomatous RGC loss. Animal models also confirmed
that acute IOP elevation causes blockage of brain-derived neurotrophic factor (BDNF)
transport and may contribute to neuronal death (Pease et al., 2000). On the other hand the
mechanisms involved in the pathophysiology and development of PACG are rather
complicated and involve the anatomy of the angle, and the spatial and structural relationships
between the lens and the anatomy of the angle, the iris, and the lens. Most mechanisms for
PACG impute to the increasing lens thickness during aging in a relatively small eye and a
shallow anterior chamber. Acute PACG has been attributed to morphometeric characteristics
of the eye. Human sclera undergoes active remodeling during the development of myopia.
Biochemical assays from highly myopic eyes show markedly reduced amounts of biochemical
markers for collagen and glycosaminoglycans, when compared with the similar sclera of
emmetropic eyes. This remodeling process occurs in concert with an increase in the production
and enhanced activation of collagen degrading enzymes, particularly matrix metalloproteases
(MMPs) (McBrien & Gentle, 2001). The net effect of these changes is a loss of scleral tissue at
the posterior pole of the eye.
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Growing evidence obtained from clinical and experimental studies strongly suggests the
involvement of the immune system in glaucoma (Helpern & Grosskreutz, 2002; Wax &
Tezel, 2002; Tezel & Wax, 2000; 2003). Paradoxically the role of immune system in
Glaucoma has been described as either neuroprotective or neurodestructive. A balance
between beneficial immunity and harmful neurodegeneration may ultimately determine the
fate of RGCs in response to various stresses in glaucomatous eye (Tezel & Wax 2007). T-cellmediated immune response may initially be beneficial to limit neurodegeneration (Schwartz
& Kipnis, 2001, 2002; Kipnis et al., 2002). However, a failure to properly control aberrant,
stress-induced immune response likely converts the protective immunity to an autoimmune
neurodegenerative process that can facilitate the progression of neurodegeneration in some,
if not all, glaucoma patients (Tezel & Wax, 2007). Expansion and secondary recruitment of
circulating T cells through an antigen mediated process is supported by the evidence of
abnormal T-cell subsets (Yang et al., 2001a) and increased production of serum
autoantibodies to different optic nerve and retina antigens in many glaucoma patients (Tezel
et al., 1998, 1999; Wax et al., 1998a, 1998b; Yang et al., 2001b) Furthermore, initial in vivo
studies support the feasibility of eliciting an experimental autoimmune model of
glaucomatous neurodegeneration in which RGCs progressively die in specific antigenimmunized animals by exhibiting a pattern of neuronal damage similar to that of human
glaucoma (Wax &Tezel, 2009). As the role of the immune system in glaucoma is one of the
surveillance, in which signal pathways of the immune system regulate cell death in response
to conditions that stress retinal neurons in glaucoma. Recent studies have focused on
immunological changes occurring in glaucoma pathogenesis and possible preventive
therapies based along those lines have been proposed. The major targets of interest are
cytokines, as these inflammatory mediators play an important role in the pathogenesis of
glaucoma and may regulate RGC survival or death (Tezel & Wax, 2004).
The role of tumor necrosis factor (TNF), an important proinflammatory cytokine is a subject
of interest in glaucoma studies. Both TNF- , produced mainly by monocytes and activated
macrophages and TNF-β, produced mainly by activated T-cells, play important
immunoregulatory roles in various diseases. TNFis up regulated in several
neurodegenerative disorders including optic nerve microglia and astrocytes in glaucoma
(Yuan & Neufeld, 2000; 2001). It has been suggested that cell death mediated by TNF- is a
contributing factor in the progression of neurodegeneration in glaucoma (Tezel et al., 2001).
TNF-α plays a critical role in optic neuropathy by initiating the inflammatory pathways
through the induction of NOS-2 in astrocytes (Yuan & Neufeld, 2000). It has been observed
that ischemic or pressure-loaded glial cells produce TNF-α which results in
oligodendrocytes death and the apoptosis of RGC leading to glaucomatous
neurodegeneration (Tezel & Wax, 2000). Furthermore, TNF-α directly induces apoptosis
through TNF-α receptor-I (TNFRI) also known as death receptor which is mainly localized
on the retinal ganglion cells (Tezel et al., 2001). The substantial role of TNF-α/TNFRI in the
pathogenesis of glaucoma has also been supported by experimental study on mouse model
of glaucoma in which induction of ocular hypertension resulted in a rapid up regulation of
TNF-α followed by loss of optic nerve oligodendrocytes (Nakazawa et al., 2006). Moreover,
intravitreal TNF-α injection in normal mice mimicked glaucoma like RGCs degeneration
whereas anti-TNF-α neutralizing antibody or deleting the TNF-α gene blocked the
deleterious effects of ocular hypertension (Nakazawa et al., 2006). Tezel et al. (2004) also
reported that unilateral optic nerve crush injury in mice resulted in significantly less glial
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activation, TNF-α production and retinal ganglion cell death in TNFRI -knockout mice. In
fact, histopathologic studies have also shown increased immunostaining for TNF-α and
TNFRI in the glaucomatous optic nerve head as compared to age-matched control samples
(Yan et al., 2000; Yuan & Neufeld, 2000). Interestingly, a new antiglaucoma drug (GLC756)
significantly suppressed LPS-induced TNF-α production (Laengle et al., 2006a, 2006b).
These observations further confirm the hypothesis of an involvement of the TNF-α /TNFRI
signaling pathway in the pathogenesis of glaucoma.
The genes for TNF- (OMIM 191160) and TNF-β also known as lymphotoxin- (LT- , MIM
153440), located within the MHC III region of chromosome 6, shows close linkage to the
HLA class I (HLA-B) and class II (HLA-DR) genes. Studies on monozygotic twins and their
first-degree relatives, using ex vivo endotoxin stimulated whole blood samples, have
provided evidence that 60% of variation in the production capacity of TNF- appears to be
genetically determined (Westendorp et al., 1997). Several polymorphisms within the
promoter region of TNF- and the intron 1 polymorphism of TNF−β, in particular, have
been associated with altered levels of circulating TNF- (Sharma et al., 2006; 2008).
With regard to PACG a number of lines of evidence have suggested that both genetic and
environmental factors contribute to the development of PACG (Lowe, 1972). There are
various published studies that suggested a genetic basis of the PACG (Aung et al., 2008a;
2008b). PACG, as a common complex disease, has become an important target for
association studies in recent years. Genetic heterogeneity is illustrated by the several loci in
many glaucoma causing genes identified to date. Single nucleotide polymorphisms in
several genes such as matrix metalloproteases-9 (MMP-9), Cytochrome P450 1B1 (CYP1B1),
membrane-type frizzled-related protein (MFRP) , methylenetetrahydrofolate reductase gene
(MTHFR), myocilin (MYOC), calcitonin receptor-like gene (CALRL), endothelial nitric oxide
synthase (eNOS), heat shock protein 70 (HSP70), retinal homeobox gene (CHX10), have been
associated with PACG (Wang et al., 2006; Chakrabarti et al., 2007; Michael et al., 2008; 2009,
Aung et al., 2008; Dai et al., 2008; Cong et al., 2009; Cao et al., 2009, Ayub et al., 2010).
However, ethnic variations exist in the association between these polymorphisms and
PACG, and many cases such association has not been replicated in subsequent research
(Wang et al., 2006; Aung et al., 2008a). Moreover, the biological significance of the some
associated single nucleotide polymorphisms (SNPs) in the development of PACG is still
unknown (Michael et al., 2008). PACG has been reported to be associated with genes related
to regulation of axial length and structural remodeling of connective tissues, such as MFRP,
MMP-9, and MTHFR genes (Michael et al., 2008; Wang et al., 2006; Aung et al., 2008a; 2008
b; Wang et al., 2008). It has also been reported that TNF- is capable of inducing both
increased synthesis and activity of matrix metalloproteinases (MMPs) (Rajavashisth et al.,
1999; Siwik et al., 2000; Uchida et al., 2000) therefore the polymorphism in TNF genes
might be associated with regulation of axial length and structural remodeling of connective
tissues and ultimately to the development of PACG.
Several polymorphisms have been reported in the promoter region of TNF-α gene. One of
the best described single nucleotide polymorphisms (SNPs) is located at nucleotide position
-308 within the TNF-α promoter region (rs1800629) and affects a consensus sequence for a
binding site of transcription factor AP-2 (Abraham & Kroeger, 1999). TNF-α promoter
polymorphism leads to a less common allele-A (allele 2) which has been associated with
increased TNF-α production in vitro (Braun et al., 1996; Wilson et al., 1994) and higher rate of
TNF-α transcription than wild type GG genotype (Wilson et al., 1997; Jeong et al., 2004). This
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polymorphism has been linked to increased susceptibility to several chronic metabolic
degenerative, inflammatory and autoimmune diseases (Cuenca et al., 2001). It has also been
reported to be involved in increased susceptibility to different eye diseases including diabetic
retinopathy and glaucoma (Limb et al., 1999; Yoshioka et al., 2006; Huang et al., 2009). TNFα ιs involved in T-cell dependent B-cell responses, T-cell proliferation, natural killer (NK)-cell
activity and dendritic cell maturation. The previously published data indicate that the host’s
ability to produce TNF-α may play an important role in vulnerability to glaucoma.
Of interest, G/A polymorphism at nucleotide position –308 within the human TNF-α
promoter region is associated with elevated TNF levels, disease susceptibility, and poor
prognosis in several diseases (Messer et al., 1991; Wilson et al., 1992; Galbraith & Pendey,
1995; Patino-Garcia et al., 2000). Adenine at position –308 makes the TNF-α promoter a
much more powerful transcription activator than guanine (Messer et al., 1991). The TNFis up regulated in several neurodegenerative disorders including multiple sclerosis,
Parkinson’s disease, Alzheimer’s disease (Shohami et al., 1999; Yan et al., 2000; Liu et al.,
2006) and in optic nerve microglia and astrocytes in glaucoma patients (Yuan & Neufeld,
2000; 2001]. Increased TNF- level have been associated with a poor prognosis after trauma
in the brain (Munoz-Fernandez & Fresno, 1998; Ertel et al., 1995), whereas a decrease in
TNF- is known to reduce nerve damage. In a rat cerebral ischemic model, exogenous TNFwas found to exacerbate focal ischemic injuries, whereas blocking endogenous TNF- was
neuroprotective (Shohami et al., 1996).
TNF-β resembles to TNF- in terms of several biological activities including apoptosis and
gives rise to a similar pro-inflammatory response and has been shown to play a critical role
in pathogenesis of many diseases. TNF-β gene polymorphism at nucleotide position 252
within first intron (A252G) (rs909253) affects a phorbol ester-responsive element. The
presence of G at this position defines the mutant allele known as TNF-β ∗ 1 (allele-1) which
is less frequent allele in white subjects and is associated with higher TNF-α and TNFβ production (Messer et al., 1991; Abraham et al., 1993). Association of TNF-β +252 A/G
polymorphism has been reported with various autoimmune disorders including Gravis’
disease (Kula et al., 2001) idiopathic membranous glomerulonephritis, IgA nephropathy,
insulin dependent diabetes mellitus (Medcraft et al., 1993) , myasthenia gravis (Zelano et al.,
1998), asthma diathesis (Albuquerque et al., 1998), SLE with nephritis(Lu et al., 2005),
systemic sclerosis (Pandey &Takeuchi, 1999), plaque psoriasis (Vasku et al., 2000),
rheumatoid arthritis (Takeuchi et al., 2005), myocardial infarction in patients with
rheumatoid arthritis (Panoulas et al., 2008), and type 1 diabetes (Boraska et al., 2009).
Recently TNF-β +252 A/G polymorphism is reported to be associated with both
susceptibility to and mortality from sepsis (Watanabe et al., 2010; Tiancha et al., 2011).
A few studies have been undertaken to determine the association of TNF-α polymorphisms
and glaucoma in different part of the world (Limb et al., 1999; Yoshioka et al., 2006; Huang
et al., 2009). The results of these studies on association of TNF- polymorphism with POAG
are inconsistent. These differences in findings have been attributed to variation in sample
size, ethnicity and method of diagnosis (Lin et al., 2003; Mossbock et al., 2006; Tekeli et al.,
2008; Razeghinejad et al., 2009). To date there is no report available on the association
between TNF-β polymorphism and glaucoma. The joint analysis of polymorphism at TNFα and TNF-β given that both are involved in the expression of TNF-α and in a suggested
mechanism for autoimmune diseases, will provide further insight into the pathogenesis of
glaucoma and help in developing effective therapeutic agents. Therefore the present study
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was undertaken to determine the possible association of TNF-α-308 and TNF-β +252 gene
polymorphisms with POAG and PACG in Saudi population.

2. Methods
2.1 Subjects
The present study was undertaken to evaluate the association of TNF-α and TNF-β alleles
and genotypes in Saudi primary glaucoma patients. A total of 200 unrelated Saudi patients
with Primary Glaucoma [primary open angle glaucoma (POAG) and primary angle closure
glaucoma (PACG)] were recruited from ophthalmology clinic of the Riyadh Military
Hospital (RMH), Saudi Arabia. The patient group consisted of 94 males and 106 females,
with age at diagnosis ranging from 25 to 78 years (mean ± SD: 58 ± 14.4). The control group
consisted of 200 unrelated subjects, 100 males and 100 females, ages ranging from 25 to 68
years (mean ± SD: 55 ± 11.6). The diagnosis of primary glaucoma was based on
comprehensive clinical examination as mentioned below.
2.2 Preliminary examination
The preliminary examination was performed in ophthalmology clinic of RMH. Detailed
demographic data and medical history were recorded for each case and control subject. The
preliminary examination included oblique flashlight test, anterior segment evaluation by slit
lamp, Goldmann applanation tonometry, and direct fundoscopy (all examinations
performed by resident/consultant ophthalmologists). The optic disc was examined after
each pupil was dilated with 2 drops of tropicamide, unless contraindicated by the presence
of a shallow anterior chamber depth at the slit lamp examination. The vertical cup-disc ratio
(VCDR) was estimated for each eye. The rim border was determined based on the course of
the blood vessels and the gradation of color, shadows, and texture (Spaeth, 1993). A suspect
appearance of the optic disc (glaucomatous-appearing optic disc; GAOD) was defined in
eyes with VCDR ≥ 0.6, asymmetry of the VCDR between the two eyes ≥ 0.2, focal thinning of
the neuroretinal rim, localized or diffuse retinal nerve fiber layer defect, and/or optic disc
hemorrhage. A glaucoma specialist confirmed the presence of a GAOD in the participants.
Fundus photography, automated perimetry, and gonioscopy were not part of the
preliminary examination protocol.
2.3 Detailed examination
Patients with GAOD status and/or intraocular pressure (IOP) measurements > 21 mm Hg at
the screening underwent a definitive examination. At first each subject underwent a
comprehensive ophthalmic examination, including review of medical history, best corrected
visual acuity(BCVA) (using Snellen distance vision chart), retinoscopy and subjective
refraction (when visual acuity < 20/30), slit lamp biomicroscopy, IOP measurement (using
Goldmann applanation tonometry), standard automated perimetry tests, gonioscopy (using
Sussman four-mirror lens), and fundoscopy examination. Gonioscopy was performed by a
consultant (glaucoma specialist). Indentation gonioscopy with four-mirror Posner lens was
performed in eyes with an anatomically narrow angle. The angle was graded according to
the Scheie scheme (Scheie, 1957) and the peripheral iris contour, degree of pigmentation,
presence of peripheral anterior synechiae, and other angle abnormalities were recorded.
When the gonioscopy showed no contraindications, dilated direct fundoscopy and slit lamp
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biomicroscopy of the optic disc (using a 78-D lens) were performed. The VCDR was
determined independently in a masked fashion by two glaucoma specialists and cases of
disagreement were resolved by consensus between the two graders during the definite
examination visit. There was a good agreement between the two graders in determining
VCDR (0.7 or more). The presence of any notching, optic disc hemorrhages, or nerve fiber
layer defects was documented. Initially, most of the standard automated perimetry tests
were performed with the Octopus 101 perimeter (Haag-Strreit Octopus, Switzerland). In an
attempt to avoid the influence of learning effect in visual field (VF) results, these VF
examinations were not considered for assessing visual function status.
The patients were further subjected to a second VF examination using a Humphrey visual
field perimeter (Humphrey Visual Field Analyzer; Carl Zeiss Meditec, Inc., Dublin, CA),
with the 24-2 full-threshold or SITA (Swedish interactive threshold algorithm) standard
strategy. The visual function status was determined based on this single VF test, and only
reliable VF examinations were considered for analysis. An abnormal VF examination was
determined by the presence of one of the following criteria: (1) glaucoma hemifield test
(GHT) result outside normal limits and (2) the presence of a cluster of ≥ 3 contiguous points
in the pattern deviation (PD) probability plot with P < 5% or worse (within the same
hemifield) (Foster et al., 2002). A reliable visual field test was defined as an examination
with less than 33% of fixation losses, false positive and false negative. The glaucoma
specialist verified whether the VF defects were consistent with glaucoma.
2.4 Criteria for glaucoma diagnosis
Glaucoma was diagnosed according to the International Society of Geographical and
Epidemiologic Ophthalmology (ISGEO) classification, which uses three levels of evidence
(Foster et al 2002). Briefly, in category 1, diagnosis was based on structural and functional
evidence. It required CDR or CDR asymmetry ≥ 97.5th percentile for the normal population
or a neuroretinal rim width reduced to ≥ 0.1 CDR (between 11- and 1-o’clock or 5- and 7o’clock) with a definite VF defect consistent with glaucoma using the Swedish interactive
threshold algorithm 30-2. Category 2 was based on advanced structural damage with
unproved field loss. This included those subjects in whom VFs could not be determined or
were unreliable, with CDR or CDR asymmetry ≥ 99.5th percentile for the normal
population. Lastly, category 3 consisted of persons with an IOP ≥ 99.5th percentile for the
normal population, whose optic discs could not be examined because of media opacities.
2.5 Glaucoma classification
Participants who fulfilled any of the three categories of evidence mentioned earlier were
classified as having POAG or PACG
POAG: Anterior chamber angles open and appearing normal by gonioscopy, typical
features of glaucomatous optic disc as defined earlier, and visual field defects corresponding
to the optic disc changes.
PACG: At least two of the criteria mentioned: glaucomatous optic disc damage or
glaucomatous visual field defects in combination with anterior chamber angle partly or
totally closed, appositional angle closure or synechiae in angle, absence of signs of
secondary angle closure (e.g., uveitis, lens related glaucoma, microspherophakia, evidence
of neovascularization in the angle and associated retinal ischemia or congenital angle
anomalies). Patients with signs of intracranial disease that would cause optic nerve atrophy
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in x-ray, computerized tomography or magnetic resonance imaging were excluded. An
anatomically narrow-angle eye should have pigmented trabecular meshwork not visible in ≥
270° of the iridocorneal angle (as assessed by nonindentation gonioscopy) and/or the
presence of peripheral anterior synechiae not explained by other causes but a primary angleclosure process.
2.6 Sample collection
Venous blood was collected from the patients (POAG, PACG) and controls and stored at
- 20°C before extraction of DNA. The study protocol was approved by the Ethics Committee
of the Hospital.
2.7 Genotyping
2.7.1 PCR amplification
Genomic DNA was extracted from the peripheral blood of patients and controls using
QIAampR DNA mini kit (Qiagen CA, USA). TNF-α and TNF-β genes were amplified using
amplification refractory mutation systems (ARMS)-PCR methodology (Perry et al., 1999) to
detect any polymorphism involved at position -308 of TNF-α and +252 in Interon1 of TNFβ gene respectively. The set of primers used to amplify target DNA in the promoter region
of TNF-α and TNF-β genes are summarized in Table 1.
Locus
TNF-α
(G308A)

Generic (antisense) primer
5′-TCT CGG TTT CTT CTC CAT CG-3′

Sense primers
5′-ATA GGT TTT GAG GGG CAT GG-3′
5′-AAT AGG TTT TGA GGG GCA TGA-3′

TNF-β
(A252G)

5′-AGA TCG ACA GAG AAG GGG ACA-3′ 5′-CAT TCT CTG TTT CTG CCA TGG-3′
5′-CAT TCT CTG TTT CTG CCA TGA-3′

Table 1. Showing sets of primers used to amplify the TNF-α and TNF-β to detect polymorphism
PCR amplification was carried out using Ready to Go PCR Beads (Amersham Biosciences,
USA). Reaction consisted of 10 temperature cycles of denaturation for 15 s at 94 °C,
annealing for 50 s at 65 °C and extension for 40 s at 72 °C. Then 25 cycles of denaturation
for 20s at 94 °C, annealing for 50 s at 59 °C, extension for 50s at 72 °C. Final extension was
performed at 72 °C for 7 m. A positive control was included in the PCR assay by
amplification of the human growth hormone (HGH) gene. The amplified product for
various samples were separated on the 1.5 % agarose gel, stained with ethidium bromide
and photographed.
2.7.2 Statistical analysis
The differences in allele/ genotype frequencies between patients and controls were
analyzed by the Fisher’s exact test. P values less than 0.05 were considered significant. The
strength of the association of disease with respect to a particular allele/genotype is
expressed by odd ratio interpreted as relative risk (RR) following the Woolf’s method as out
lined by Schallreuter et al. (1993). It is calculated only for those Alleles/ genotypes which
are increased or decreased in patients as compared to control group. The RR in this study
has been calculated for all the subjects.
RR= (a) x (d) / (b) x (c) where,
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(a) = number of patients with expression of allele or genotype
(b) = number of patients without expression of allele or genotype
(c) = number of controls with expression of allele or genotype
(d) = number of controls without expression of allele or genotype
Etiologic Fraction (EF): The EF indicates the hypothetical genetic component of the disease.
The values between 0 and 1 are of significance. EF is calculated for positive association only
where RR> 1 (Savejgaard et al., 1983).
EF= (RR-1) f / RR, where f= a/a+c
Preventive Fraction (PF): The PF indicates the hypothetical protective effect of one specific
allele/ genotype for the disease. PF is calculated for negative association only where RR< 1
(Savejgaard et al., 1983). Values < 1.0 indicate the protective effect of the allele/genotype
against the manifestation of disease.
PF= (1-RR) f / RR (1-f) +f, where f= a/a+c

3. Results
In this case control study TNF-α and TNF-β genes were amplified to determine the allele
and genotype frequencies in equal number of patients (200) and unrelated matched controls
(200). The patient group consisted of POAG (135) and PACG (65) cases. The molecular
analysis of the blood specimen of the patients and controls was performed in the same
laboratory and at the same time. The investigator was blind to the phenotype of the subjects
at the time of molecular analysis. Later on the results were separated for patient and control
groups and analyzed for the determination of the frequencies of genotypes and alleles.
Allelic frequencies and genotype distributions of both TNF-α and TNF-β gene
polymorphisms differ between primary glaucoma (including both POAG and PACG cases)
and control subjects (Tables 2-9).
The results of the genotypes and alleles distribution of TNF-α (-308) polymorphism in
primary glaucoma (including total POAG and PACG cases) are summarized in Table 2. The
frequency of GA (-308) genotype was significantly higher (P=0.02) while the frequency of
GG (-308) genotype was lower in total primary glaucoma patients as compared to controls
(P=0.01).
Glaucoma (N=200) Control (N=200)
Pvalue
N
%
N
%
GG
85
42.5
110
55
0.01‡
GA
100
50.0
76
38
0.02‡
AA
15
7.5
14
7
0.85
270
67.5
296
74
0.04‡
G-allele (TNF-α 1-allele)
130
32.5
104
26
0.04‡
A-allele (TNF-α 2-allele)
Genotype/ Allele

RR

EF*/PF

0.60
1.63
1.08
0.73
1.37

0.23
0.22*
0.04*
0.15
0.15*

N, number of subjects; RR, relative risk; EF, etiological fraction; PF, preventive fraction;
‡, statistically significant

Table 2. Genotype and allele frequencies of (G-308A) TNF-α variants in primary glaucoma
patients and matched controls
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No significant difference was noticed in distribution of AA genotype among the patients
and controls (P=0.85). Frequency of allele A was found to be significantly increased in
glaucoma patient while that of allele G was higher in control group (P=0.04).The higher
frequencies of genotype GA and allele A in primary glaucoma patients as compared to
controls indicated that the genotype GA and allele A are susceptible to the primary
glaucoma (RR=1.63, EF=0.22 and RR=1.37, EF=0.15 respectively). The genotype GG and
allele G being higher in controls indicating their protective nature for primary glaucoma
(RR=0.60, PF=0.23 and RR=0.73, PF=0.15 respectively).
The results of TNF-α -308 polymorphism for total primary glaucoma cases were then
stratified into POAG and PACG groups. The distribution of alleles and genotypes of TNFα (-308) polymorphism in POAG are shown in Table 3.
Open Angle
Control (N =200)
Glaucoma (N=135)
P-value
N
%
N
%
59
43.7
110
55
0.04‡
68
50.4
76
38
0.03‡
8
5.9
14
7
0.82
186
68.9
296
74
0.16
1- allele)
84
31.1
104
26
0.16
2 -allele)

Genotype/ Allele
GG
GA
AA
G-allele (TNFα
A-allele (TNFα

RR

EF*/PF

0.64
1.66
0.84
0.83
1.21

0.16
019*
0.06
0.07
0.07*

N, number of subjects; RR, relative risk; EF, etiological fraction; PF, preventive fraction; ‡, statistically
significant

Table 3. Genotype and allele frequencies of (G-308A) TNF-α variants in open angle
glaucoma patients and controls
The frequency of genotype GA was significantly higher in POAG patients (P=0.03) while the
frequency of GG was lower in POAG as compared to controls (P=0.04). The frequency of
allele A was higher whereas the frequency of allele G was lower in PAOG patients as
compared to control. However, the differences were not statistically significant for both
alleles (P=0.16). The higher frequency of GA genotype in POAG indicated that the genotype
GA of TNF-α -308 polymorphism might be susceptible to POAG (RR=1.66, EF=0.19) while
the increased frequency of genotype GG in controls as compared to POAG patients
indicated that genotype GG is resistant to POAG (RR=0.64,PF=0.16).
The frequencies of alleles and genotypes of TNF-α (-308) polymorphism in PACG is given
in Table 4. The frequency of genotype GG was significantly lower in PACG as compared to
controls (P=0.04). Although the frequency of genotype GA and AA was higher in PACG,
the difference was not statistically significant (P=0.11 and P=0.42 respectively). The
frequency of allele A was significantly increased in PACG as compared to controls (0.04)
indicating that the allele A might be susceptible to the PACG (RR=1.56, EP= 0.11) while
allele G might be protective (RR=0.64, PF=0.11) in Saudi patients with PACG. Similarly the
lower frequency of genotype GG in PACG as compared to controls indicated that GG is
protective for PACG (RR=0.55, PF=0.14).
Comparison of the distribution frequency of genotypes and alleles of TNF-α (-308)
polymorphism between the POAG and PACG type of glaucoma is summarized in Table 5.
The results of the genotype and allele distribution in the two types of glaucoma (POAG and
PACG) show similar pattern without insignificant differences.
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Genotype/ Allele
GG
GA
AA
G-allele (TNFα 1-allele)
A-allele (TNFα 2-allele)

Angle closure
glaucoma (N=65)
N
%
26
40
32
49.2
7
10.8
84
64.6
46
35.4
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Control
(N=200 )
N
%
110
55
76
38
14
7
296
74
104
26

Pvalue

RR EF*/PF

0.04‡
0.11
0.42
0.04‡
0.04‡

0.55
1.58
1.60
0.64
1.56

0.14
0.11*
0.12*
0.11
0.11*

N, number of subjects; RR, relative risk; EF, etiological fraction; PF, preventive fraction;
‡, statistically significant

Table 4. Genotype and allele frequencies of (G-308A) TNF-α variants in angle closure
glaucoma patients and controls
Open angle glaucoma Angle closure glaucoma (65)
(135) N ( % )
N (%)
GG
59 (43.7)
26 (40)
GA
68 (50.4)
32 (49.2)
AA
8 (5.9)
4 (10.8)
186 (68.9)
84 (64.6)
G-allele (TNFα 1-allele
84 (31.1)
46 (35.4)
A-allele (TNFα 2-allele)
Genotype/Allele

P-value
0.76
0.88
0.25
0.42
0.42

Table 5. Comparison of genotype/ allele frequencies of TNF-α (G308A) polymorphism
between POAG and PACG
Our studies on TNF-β gene polymorphism at position +252 of intron1 showed that the
frequency of GG was significantly higher in primary glaucoma (including total POAG and
PACG cases) as compared to controls (P=0.001) while the frequency of GA genotype was
significantly lower in glaucoma patients (P=0.001). Allele-G was predominantly distributed
in glaucoma patients (P=0.001) whereas frequency of allele A was significantly higher in
control group (P= 0.011). Though there was difference in the distribution of AA genotype
among the primary glaucoma and control, the difference was not statistically significant
(P=0.25) (Table 6).

Genotype/Allele
GG
GA
AA
G-allele (TNFβ 1-allele)
A-allele (TNFβ 2-allele)

Glaucoma
(N=200)
N
%
69
34.50
99
49.50
32
16.00
237
59.25
163
40.75

Control (N=200)
N
28
148
24
204
196

%
14
74
12
51
49

P-value

RR

EF*/PF

0.001‡
0.001‡
0.253
0.011‡
0.011‡

3.235
0.344
1.396
1.396
0.715

0.491*
0.432
0.161*
0.152*
0.152

N, number of subjects; RR, relative risk; EF, etiological fraction; PF, preventive fraction;
‡, statistically significant

Table 6. Genotype and allele frequencies of TNF-β (LTα)- interon1 +252 variants in primary
glaucoma patients and matched controls
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The increased frequencies of genotype GG and allele G of TNF-β (LTα) - interon1 +252
polymorphism in patients group indicated that genotype GG/allele G is susceptible to the
primary glaucoma (RR=3.235, EF=0.491and RR=1.396, EF=0.152 respectively) whereas the
decreased frequencies of the genotype GA and allele A in glaucoma patients showed their
resistant/ refractory nature (RR=0.344, PF=0.432 and RR=0.715, PF=0.52 respectively).
On stratification of results for two types of glaucoma (POAG and PACG), the distribution of
genotypes and allele of TNF-β (LTα) - interon1 +252 polymorphism retained almost the
same pattern in POAG and PACG as was in the results for the total primary glaucoma
group (Tables 7, 8). The frequency of genotype GG and allele G were higher in POAG as
compared to controls (P=0.001 and P=0.05 respectively) while the frequencies of genotype
GA and allele A were higher in controls (P=0.001 and P=0.05 respectively).
The increased frequencies of genotype GG (RR=3.28, EF=0.435) and allele G (RR=1.376,
EF=0.119) in POAG as compared to controls (Table 7) indicated that genotype GG and allele
G are susceptible to the POAG in Saudis. The reduced frequencies of genotype GA
(RR=0.326, PF= 0.386) and allele A (RR= 0.726, PF=0.119) in the POAG patients as compared
to controls showed that genotype GA and allele A of TNF-β intron1+252 polymorphism are
resistant for POAG.

Genotype/ Allele
GG
GA
AA
G-allele (TNFβ 1-allele)
A-allele (TNFβ 2-allele)

Open angle
Control (N=200)
glaucoma (N=135)
P-value
NO.
%
NO.
%
47
34.81
28
14
0.001‡
65
48.15
148
74
0.001‡
23
17.04
24
12
0.20
159
58.89
204
51
0.05‡
111
41.11
196
49
0.05‡

RR

EF*/PF

3.280
0.326
1.506
1.376
0.726

0.435*
0.386
0.164*
0.119*
0.119

N, number of subjects; RR, Relative risk; EF, etiological fraction; PF, preventive fraction;
‡, statistically significant

Table 7. Genotype and allele frequencies of TNF-β (LTα) - interon1+252 variants in Open
angle glaucoma patients and matched controls
The distribution of genotypes and alleles of TNF-β intron1+252 polymorphism is shown in
Table 8. The frequency of genotype GG was higher in PACG as compared to controls
(P=0.001) while the frequencies of genotype GA was higher in controls (P=0.001). The higher
frequencies of genotype GG in PACG as compared to controls indicated that genotype GG
is susceptible to the disease (RR=3.142, EF=0.299) while genotype GA might be refractory
for PACG as the frequency of GA was higher in controls RR=0.385, PF=0.229). The
frequency of allele G was also higher in PACG and that of allele A was lower in PACG as
compared to controls however, the difference in the frequency distribution of allele A and
G was not significant in PACG (P=0.08).
Comparison of the distribution frequency of genotypes and alleles of TNF- β (LT-α) interon
1+252 polymorphism between the POAG and PACG is summarized in Table 9. The results
clearly indicated that the genotype and allele distribution in the two types of glaucoma
(POAG and PACG) have similar pattern with minor insignificant differences.
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Genotype/Allele
GG
GA
AA
G-allele (TNFβ 1-allele)
A-allele (TNFβ 2-allele )

Angle closure
glaucoma (N=65)
NO.
%
22
33.85
34
52.30
9
13.85
78
60.00
52
40.00
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Control
(N=200)
NO.
%
28
14
148
74
24
12
204
51
196
49

P-value

RR

EF*/PF

0.001‡
0.001‡
0.67
0.08
0.08

3.142
0.385
1.078
1.441
0.693

0.299*
0.229
0.041*
0.084*
0.084

N, number of subjects; RR, Relative risk; EF, etiological fraction; PF, preventive fraction;
‡, statistically significant

Table 8. Genotype and allele frequencies of TNF- β (LT-α) interon1+252 variants in angle
closure glaucoma patients and matched controls

Genotype/Allele
GG
GA
AA
G-allele (TNFβ 1-allele)
A-allele (TNFβ 2-allele)

Open angle
glaucoma (135)
N (% )
47 (34.81)
65 (48.15)
23 (17.04)
159 (58.89)
111 (41.11)

Angle closure
glaucoma (65)
N (%)
22 (33.85)
34 (52.30)
9 (13.85)
78 (60.00)
52 (40.00)

P-value
1.00
0.65
0.68
0.45
0.45

Table 9. Comparison of genotype/ allele frequencies of TNF- β (G252 A) polymorphism in
POAG and PACG
The comparison between the associations of TNF-α 308 polymorphism in glaucoma patients
in various ethnic populations is given in Table 10. The distribution trend shows ethnic
variations. TNF -α (-308) polymorphism is strongly associated with POAG in Saudis,
Chinese and Iranian but not in Caucasians and Japanese.

4. Discussion
As early as 1873, Dooremal for the first time observed that the eye is one of the immune
privileged region of the body which was later described by Streilein (1999). Multiple factors
have been suggested to contribute to the immune privilege of the eye (Niederkorn, 2006)
such as the blood- aqueous- barrier and the fact that eyes do not have a lymph drainage
system. Aqueous humor is for example, capable of suppressing cytokine production by
activated T-lymphcytes (Mochizuki et al., 2000).
The anterior chamber of the eye has an active immunomodulation (Streilein, 2003). It has
also been suggested that autoimmune damage to the optic nerve may occur directly by
autoantibodies or indirectly by a “mimicked” autoimmune response to a sensitizing antigen,
which in turn injures retinal ganglion cells (Wax, 2000). In a study by Joachim et al. (2007)
IgG antibody levels were found to be significantly higher in the aqueous humor of patients
with POAG and PEXG as compared to controls, suggesting the role of multiple immune
factors in glaucoma.
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Study

Ethnicity

No. of
Patients

Glaucoma

TNF –α (308) polymorphism

Present study

Saudis

200

Lin et al., 2003
Fan et al., 2010
Razeghinejad et al.,
2009
Funayama et al., 2004

Chinese
Chinese

60
405

Primary
glaucoma
(POAG
+PACG)
POAG
POAG

Iranian

223

POAG

Associated with TNF –α-308A

194

POAG

No association

114

POAG

No association

Japanese
Caucasia
Mossbock et al., 2006
n

Associated with TNF –α-308 GA
Associated with TNF –α-308 AA
Associated with TNF –α-308G

Table 10. Association of TNF-α 308 polymorphism in glaucoma patients in various ethnic
populations
Growing evidence obtained from clinical and experimental studies over the past decade
strongly suggests the role of immune system in the pathogenesis of various types of
glaucoma. It has been observed that immune mediators are not usually the primary
causative agents but play a critical role in the progression of the disease (Funayama et al.,
2004; Joachim et al., 2007). In addition, it has been reported that components of the immune
system involved in the pathogenesis of glaucoma are also involved in neurodegeneration
following brain injury. In such cases inflammation occurs in response to glutamate, reactive
oxygen species (ROS), nitric oxide (NO), and cytokines including tumor necrosis factor(TNF- ), which are released from activated microglia or macrophages (Schwartz, 2007). As
glaucoma is a disease of old age and involves optic nerve neuropathy, it has been proposed
that both genetic as well as epigenetic factors are involved in the progression of the disease.
Such factors cause a decrease in the cellular viability and self renewal capacity, which
results in the generation of dysfunctional microglia. Such age-related attrition may
contribute to the development of neurodegenerative diseases by diminishing glial
neurosupportive functions. Secondary degeneration by the immune components leads to
the neurodegenerative injury in glaucoma (Levkovitch-Verbin et al., 2003).
TNF- is considered to be a neuroprotective component of the immune system, because it
activates the ubiquitous transcription factor NF-κB through binding to the high affinity TNF
receptors (TNF-R2), which in turn mediates the expression of a wide range of genes essential
for neuronal survival. Contrary to its neuroprotective role, TNF- can also serve as a
neurodegenerative factor when it binds to the low affinity death receptors TNF-R1 and
activates the mitochondria mediated apoptotic pathway (Lilienbaum & Israel, 2003;
Marchetti et al., 2004, Tezel & Yang, 2005). Thus a delicate balance between the two
pathways determines the survival of the cell, and any shift in equilibrium might have
deleterious effects. An increased expression of TNF- can shift the balance toward TNF-R1
signaling, as seen in glaucoma, and thus promote retinal ganglion cell death.
In the present study we found a strong association of GA genotype of TNF-α (-308)
polymorphism with primary glaucoma, suggesting its role in the pathogenesis of the
glaucoma. The results of our study showing the association between TNF-α-308
polymorphism and glaucoma are in agreement with some of the published data on Asian
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populations. A recent study from Iran showed that inheritance of high producer TNF -α-308
A allele is susceptibility factor for development of POAG (Razeghinejad et al., 2009). A
highly significant association of POAG and TNF -α-308 AA genotype has also been
observed in the Chinese population (Lin et al., 2003). These investigators suggested that the
close association between TNF-α 308 A/AA and POAG could be used as genetic marker for
the disease mapping and identifying subjects susceptible to glaucoma. On the other hand in
another study from China the frequency of allele G of TNF- 308 was higher in patient
group than controls and it was suggested that variants in TNF were risk factors for POAG in
the Chinese population (Fan et al., 2010). The variations in association of TNF- (-308)
polymorphism with POAG (Table 10) could be due to racial differences, sample size, poorly
characterized controls and clinical heterogeneity between different samples. Khan et al.
(2009) found a close association between TNF-α 308 polymorphism and pseudoexfoliation
glaucoma (PEXG, a type of secondary glaucoma) in Pakistani population. These findings
clearly suggest that transcriptional regulation of TNF-α is essential to circumvent the
deleterious effects of over expression by transcriptional up regulation. The results of this
study clearly suggest that excessive production of TNF-α associated with the G-308A
polymorphism may have an important role in the development of glaucoma and may act as
a genetic susceptibility factor driven by a high TNF-α expression, which would
subsequently lead to immune responses causing the onset and /or progression of the
disease. This hypothesis is further supported by the findings of several earlier investigators
showing upregulation of the expression of TNF-α and TNF-α receptor-1 in the retina and
optic nerve head in glaucomatous eyes (Yan et al., 2000; Tezel et al., 2001; Yuan & Neufeld,
2000). Agarwal et al. (2000) reported that the G to A transition at position −308 results in a
six- to sevenfold increase in transcription of TNF-α as compared to normal basal level.
Similarly Abraham & Kroeger (1999) demonstrated the functionality of TNF-α-308
polymorphism in the reporter gene assays with a significant up regulation of up to five fold
in the constructs of TNF1 (G-allele) and TNF2 (A-allele). A recent study by Sawada et al.
(2010) demonstrated that TNF- levels were significantly elevated in the aqueous humor of
glaucoma patients as compared to controls.
Contrary to our findings on Saudi population, studies on Japanese and Austrian Caucasian
populations showed no association between TNF- polymorphism G-308A and primary
glaucoma (Funayama et al., 2004; Mossbock et al., 2009). These differences may be attributed to
the variation in ethnicity, sample size, poorly characterized controls and clinical heterogeneity
of the patients. However, Funayama et al. (2004) noticed a definite interaction between
polymorphism in Optineurin (OPTN) and TNF-α genes that would increase the risk for
glaucoma in Japanese which indirectly suggest the participation of immune mechanism in
glaucoma. The variation in Japanese population to some extent may be attributed to the fact
that G-308 A polymorphism is very rare in this population (Allen, 1999).
The role of immune system in glaucoma is further substantiated by the fact that TNF-α
mediated activation of matrix metalloproteinases (MMPs) in aqueous humor of the eye
results into optic neuropathies. Several in vitro studies have shown that TNF- is capable of
inducing both increased synthesis and activity of MMPs (Rajavashisth et al., 1999; Siwik et
al., 2000; Uchida et al., 2000). The MMPs are a family of zinc-dependent endopeptidases that
have been reported to cause the degradation of the extracellular matrix (ECM)
(Stamenkovic, 2003) and involved in wide range of normal and pathological conditions.
Uncontrolled activation of MMPs is counterbalanced by specific tissue inhibitors of
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metalloproteinases (TIMPs), and a delicate balance of MMPs and TIMPs is required for
physiologic ECM turnover. An impaired balance between MMPs and TIMPs may thus
contribute to the development of glaucoma (Schlötzer-Schrehardt et al., 2003; Määttä et al.,
2005). The higher frequency of Allele-A in our patients clearly suggest increased secretion
of TNF- which lead to increased synthesis and activity of MMPs. Increased expression
of MMPs has been associated with structural remodeling of connective tissues of eye which
might lead to the development of PACG (Papp et al., 2006). Further studies are warranted to
confirm the role of MMPs in TNF-α mediated genesis of glaucoma and other eye diseases.
In our study the GG genotypes of TNF-β (+252) polymorphism were significantly overrepresented in glaucoma patients as compared to the controls (P= 0.001) while GA genotype
was significantly higher in controls as compared to glaucoma patients (P=0.001) indicating
that GG, genotypes at +252 were susceptible to glaucoma (RR=3.235, EF=0.491), whereas
GA was found to be refractory (RR=0.344, PF=0.432). Similarly the higher frequency of
allele-G of TNF-β (+252) polymorphisms in patients (P=0.011) indicated that Allele G is
associated with glaucoma. TNF-β (+252) polymorphism has earlier been reported to be
associated with a number of autoimmune diseases (Albuquerque et al., 1998; Zelano et al.,
1998; Pandey et al., 1999; Vasku et al., 2000; Kula et al., 2001; Lu et al., 2005; Takeuchi et al.,
2005; Panoulas et al., 2008; Boraska et al., 2009; Watanabe et al., 2010; Tiancha et al., 2011)
however, this is the first report on the association between TNF-β polymorphism and
glaucoma. The presence of allele G at +252 position defines the mutant allele also known as
TNF-β* 1 (allele-1) is reported to be associated with higher TNF-α and TNF-β production
(Messer et al., 1991; Abraham et al., 1993). Therefore the higher frequencies of allele G and
genotype GG of TNF-β (+252) along with increased genotype GA of TNF-α (308)
polymorphism might act in tandem to increase TNF- α secretion in ocular tissue of the
patients that might lead to the development of glaucoma.
Several studies have shown the relationships between increased TNF- levels and several
ocular diseases including retinopathy (Doganay et al., 2002; Zorena et al., 2007). Sugita et al.
(2007) detected significantly elevated levels of TNF- and TNF- receptors in the ocular
fluid of patients with active uveitis. In an animal model of high intraocular pressure,
elevation of TNF- precedes the loss of retinal ganglion cells and oligodendrocytes. In
addition, retinal cell degeneration has been observed by administering of TNF- even
without the elevated intraocular pressure (Nakazawa et al., 2006). TNF- contributes to this
process by adversely affecting oligodendrocytes (Butt & Jenkins, 1994) which increases the
susceptibility of axons to excitotoxicity in the optic nerve head and retinal ganglion cell death
(Coleman, 2005). It has been observed that both mRNA and protein levels of TNF- or TNFreceptor-1 (TNF-R1) are raised in the retina of glaucomatous eyes as compared to normal eyes,
and therefore it was suggested that cell death mediated by TNF- is a contributing factor in
the neurodegeneration in glaucoma (Tezel et al., 2001). Using animal models, Nakazawa et al.
(2006) showed that ocular hypertension or increased intraocular pressure induces TNFupregulation in the retina, which in turn leads to RGC degeneration. It has also been observed
that anti-TNFantibodies can prevent death of RGCs suggesting that reducing the
expression of TNF- would be beneficial in treating glaucoma.

5. Conclusion
This study clearly showed that the TNF-α (-308) and TNF-β (+252) polymorphisms are
significantly associated with the susceptibility to primary glaucoma (POAG and PACG) in
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Saudis and could be used as a genetic marker for disease mapping. To the best of our
knowledge this is the first study showing an association of TNF-β (+252) polymorphism
with POAG and PACG. Immune hypotheses of glaucoma go very well with the findings of
this study performed on the polymorphisms of TNF- and of TNF-β genes. These cytokines
might play a crucial role in the signaling glaucomatous neurodegeneration. The TNF- (G308A) and TNF-β (A+252G) polymorphisms alter and modulate the production of cytokines
such as TNF–α which is consistently proposed to be involved in the RGC degeneration.
Moreover, TNF has been found to be associated with the regulation of glial cells and
stimulation of the synthesis and secretion of nerve growth factors (NGF).Therefore
understanding the role of gene polymorphism like TNF-α (-308) and TNF-β (+252) in
various ethnic populations could be helpful in predicting the predisposition to glaucoma
and might help in developing novel therapeutic strategies for the management of this
disease.
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