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BACKGROUND

In recent years, a possible association between Helicobacter pylori (HP) infection (Fig. 1) and
eye diseases, including §ogreen’s syndrome, blepharitis, central serous chorioretinopathy and
uveltis, has been proposed [1-4] (Fig. 2). The relationships between these different eye diseases
and HP infection have not yet been clarified. Glaucomais the second leading cause of blindness
in the world, after cataracts, and the leading cause of irreversible blindness [5-7]. However, many
aspects of its pathogenesis remain unknown. HP infection is also one of the world’s most
common infections and has been associated with glaucoma [8]; recently, HP infection has been
proposed as an environmental familial clustering risk factor for primary open-angle glaucoma|[9].
In a prospective, nonrandomized, comparative study, Kountouras et al. found that the frequency
of HP infection in agroup of glaucoma patients was higher than in control subjects[8]. In their
study, HP infection was histologically confirmed in 88.2% of glaucoma patients. The authors
claimed that atheoretical relationship between glaucoma and HP infection may exist because: (a)
both diseases affect senescent people in the developed world; (b) HP infection may produce
systemic disorders resulting from the release of vasoactive and proinflammatory substances; (c)
HP infection may be related to atherosclerosis and increased platelet activation and aggregation.
Others authors found that positivity for HP detected by a urea breath test was significantly higher
in patients with glaucoma than in control participants (p=0.017), thereby suggesting that HP
infection might be associated with open-angle glaucomain Chinese patients (10).

Conversdly, other studies have found no association between HP infection and open-angle
glaucoma[11;12]. Moreover, Razeghingjad et al. have determined the levels of anti-H. pylori 1gG
antibody in the agueous humor of patients with pseudoexfoliation and primary open angle
glaucoma, in comparison with age and sex matched cataract patients (13). Although the results of
this study did not support a relation between HP infection and primary open angle glaucoma,
there was an elevated concentration of anti-HP IgG in pseudoexfoliation glaucoma compared
with the control group (p=0.03). ( Tab. 1)

The aim of our review was to assess whether the different results of these studies could be
compared and to ascertain whether or not HP infection and glaucoma share common pathogenetic
aspects. In particular, we focused on oxidative damage as a possible link between these

pathologies.



METHODS

In July 2006, we performed a literature search consisting of atextword search in Medline from
1998 to July 2008. Articles dealing with pathogenetic aspects of HP infection, glaucoma and
oxidative damage and stress were then selected and reviewed (T ab.2)

RESULTS

Kountouras et al. first reported an association between glaucoma and HP infection [8]. Even If
Ozturk et a. ( 14) have demonstrated a link between glaucoma and HP serology. Anyway,
Kountouras et al. [8] investigated 41 glaucomatous patients (78% with primary open-angle
glaucoma - POAG, 12% with pseudoexfoliative glaucoma - PEG) and 30 age-matched anaemic
controls. All 71 subjects underwent diagnostic gastroscopy and gastric mucosa biopsies to
determine HP infection by means of histopathologic analysis and urease test. The prevalence of
HP infection and serum levels of 1gG anti-HP was significantly higher among glaucoma patients
than controls.

This result has been confirmed by a chinese report (10) but other studies ([11,12].) did not detect
any association between glaucoma and HP infection . Table 1 shows the different methods used
to determine the frequency of HP infection in glaucoma patients and controlsin each of the 5
studies, and the results obtained [8,10-13,15]. Kountouras €t al. [8] examined HP infection
directly by searching for HP in endoscopic specimens, while the other studies examined HP
infection indirectly by detecting the antibodies (Ab) produced against the bacterium. Kurtz et al.
also evaluated seropositivity to the cytotoxin-associated gene A (CagA) antigen, an important
virulence marker of some strains of Helicobacter pylori [16]; they found no association between

seropositivity for virulent CagA-bearing HP strains and the occurrence of glaucoma among the



patientsin their study [12]. It should be noted, however, that the detection of anti-HP Abin
serum does not only reflect current infection but may also be a hallmark of eradicated infections.
Furthermore, serum Ab are not sensitive markers of HP infection, as this bacterium does not
penetrate into the blood stream but localizes between the gastric mucosa and the mucus layer,
mainly inducing the production of mucosal I1gA rather than serum IgG. Consequently, evaluations
of HP infection status by serum ELISA and the histological examination of gastric mucosa may
not always be congruent. In addition, the ELISA technique of detecting HP infection has been
reported to have suboptimal sensitivity and specificity [8].

The effects of HP eradication on intraocular pressure and visual field defects progression were
evaluated by Kountouras et a. in a separate study. Thirty-six HP-positive glaucoma patients
underwent a triple eradication regimen and were observed for 2 years. The success of HP
eradication was evaluated by control endoscopy at |east 8 weeks after the cessation of therapy
and by rapid urease test. In the subgroup of patients from whom the infection was eradicated,
glaucoma parameters (mean intraocular pressure and mean visual field) 2 years after eradication
had improved (P<0.01 for intraocular pressure; P<0.01 for visual field) while no enhancement
was demonstrated in patients in whom eradication was unsuccessful [17].

The presence and concentration of Helicobacter pylori-specific antibody in the aqueous humour
of glaucoma patients has been also evaluated. Kountouras et al. [15] found that the concentration
of HP-specific IgG evaluated by means of the ELISA technique was significantly higher in
aqueous humour samples from both POAG (P=0.006) and PEG (P=0.003) patientsthan in
controls. Similarly, the serum concentration of anti-HP IgG was greater in POAG (P=0.013) and
PEG (P=0.002) patients than in controls. Moreover, the mean vertical cupping of the optic nerve

head correlated significantly with the concentration of HP-specific 1gG in the aqueous humour of



POAG patients, suggesting that this could reflect the severity of glaucomatous damage in these

subjects.

DISCUSSION

HP and oxidative damage

HP infection is responsible for inflammation, increased production of ROS, and the induction of
oxidative DNA damage in the gastric mucosa[18-19]. A positive association between ROS
production and HP infection has been demonstrated since 1994 [20]. Recently, it has been
reported that the HP induction of oxidative DNA damage mainly occurs in cases of infection by
CagA-positive HP strains in patients bearing adverse polymorphism of the OGGL1 gene, which is
involved in 8-oxo-dG repair [21].

HP infection locally induces a chronic inflammatory status consisting of neutrophil,
Polymorphonuclear (PMN) cells and lymphocyte recruitment at the infection site [22]. PMN
cells attempt to damage bacterial structures by producing superoxide radical and other ROS, thus
determining local oxidative stress. Excessive and long-lasting ROS production in the gastric
mucosa may damage cellular components, including polyunsaturated fatty acids, proteins and
DNA. Membrane lipid-peroxidation results in the perturbation of various cellular and organellar
membrane functions, including transport processes, the maintenance of ion and metabolite
gradients, receptor-mediated signal transduction, etc. Accordingly, antioxidant reduced
glutathione (GSH) in the gastric mucosais significantly decreased in HP-infected patients that
may be associated with gastric carcinogenesis, since GSH is involved in the prevention and direct

repair of oxidative DNA lesions [25]. Subjects infected by HP also present lower levels of plasma



ascorbic acid and plasma beta-carotene [ 26] Also children infected with HP are deficient in
vitamin A [27].

Beta-carotene and vitamins A, C and E are chain-breaking antioxidants. Since decreased levels of
antioxidants due to increased levels of lipid peroxidation create a state of oxidative stress [28].
Furthermore many HP virulence factors promote release of variety chemoattractants /
inflammatory mediators triggering an intense leukocyte infiltration of the gastric mucosa, and
neutrophil activation provides a major source of reactive oxygen species which can cause tissue

damage mainly in the absence of antioxidants (29).

Oxidative damage and glaucoma

Ascorbic acid is thought to be a primary substrate in eye protection on account of its high ocular
concentration [30]. This moleculeis highly concentrated in the aqueous humour, cornea and tear
film [31-33]. Vitamin C is an important antioxidant, protecting cells from oxidative stress-
induced death [34]. The trabecular meshwork (TM) cells contain antioxidant enzymes, such as
superoxide dismutase and catalase [35]. Glutathione is detectable in aqueous humour, [36] while
the ocular ciliary epithelium expresses genes coding for glutathione-S-transferases, glutathione
peroxidases and other enzymes involved in the glutathione cycle [37]. Both glutathione
peroxidase and glutathi one reductase activities have been detected in TM cells [38]. Catalase has
been suggested to protect ocular tissues when high H,O, concentrations are present, whereas the
GSH redox system is believed to protect ocular tissues from damage induced by low H,O,
concentrations [39,40]. In experimental glaucoma, glutathione content isincreased in Miller cells

and the concentration progressively increases with the duration of elevated 10P. This might



possibly be the result of the glutamate-induced formation of reactive nitrogen and oxygen
species, glutathione protecting both neurons and Miiller cells against oxidative damage [41].

The TM plays a fundamental role in the hydrodynamics of the agueous humour. Alterationsin
the agueous outflow lead to IOP increase, elevated |OP being one of the main risk factors for the
development of glaucomatous neuropathy [42]. The total reactive antioxidant potential of
aqueous humour obtained from glaucoma patientsis significantly decreased [43]. TM cellsarein
contact with high concentrations of H,O, which can induce detrimental effects on aqueous
humour outflow [44] and the age-related decrease in TM cdllularity [45]. Furthermore, the
specific activity of superoxide dismutase shows an age-dependent declinein normal TM from
cadavers [35]. TM oxidative stress-related damage is likely to be manifested as an increase in
IOP due to alterationsin outflow facility, as outflow resistance increases in the presence of high
H,0O, levels [44]. H,O, damages the cytoskeleton, compromising TM integrity [46] and
influencing the biological reactions of the TM [47,48].

Oxidative damage in the TM of glaucoma patients is significantly higher than in controls [49]
and isrelated to IOP [50]. Thus, increased oxidative damage in the TM could affect regulation of
the extracedllular matrix structure and the associated 0P regulation, leading to the clinical onset
of glaucoma[2,51,52]. Further support for this hypothesisis provided by the finding that timolol,
a beta-blocking drug used to decrease |OP in glaucoma patients, exerts antioxidant activity which
protects human endothelial cells from oxidative stress [53].

The permeability of the TM endothelium barrier isinfluenced by endothelins and nitric oxide
(NO). These molecules also play an important role in the regulation of ocular blood flow. Under
normal conditions, the vasoconstricting effect of endothelin-1 is counterbalanced by the relaxing

effect of NO [54]. In the presence of free radicals, NO generates toxic products that interact with



oxygen, iron, and copper, aggravating the metabolic conditions of the TM and altering its
motility and function. [54-56]

It is conceivable that oxidative stress play an important pathologic role in inducing damage both
in TM endothelial cells and in the optic nerve head. Glaucomatous neuropathy is characterized by
aselectivelost of retinal ganglion cells, which resultsin aloss of visual field corresponding to
the nerve fiber layer pattern. [57] Glaucomatous visual field defects and oxidative stressin the
TM are correlated [50]. There are three major stimuli for retinal ganglion cell apoptotic desath, i.e.
hypoxia, neurotrophin withdrawal and glutamate-mediated toxicity. In this context, oxidative
stress seems to play an important role [58-62].

Ischemia reperfusion injury produces free radicals responsible for oxidative damage to the axons
[63,64]. Moreover, the re-uptake of glutamate isinfluenced by the concentration of free radicals,
an increasein ROS levels leading to increased extra-cellular glutamate concentration [65].
Glutamate is a neurotransmitter whose physiologic role is to transmit synaptic pulses. In
pathologic conditionsit can potently stimulate target cells, causing death; this type of cellular
damage is known as “excitotoxicity” [66,67]. Activation of N-methyl-D-aspartate type (NMDA)
membrane receptors by glutamate stimulates the production of large quantities of nitric oxide
(NO). Nitric oxide can react with superoxide (mostly produced in the mitochondria of the axons)
leading to the formation of peroxynitrate and peroxynitrite anions, which are unstable and rapidly
decompose to form the more toxic hydroxide radical, leading to neurotoxicity [54,68,69]. The
peroxynitrite anion is particularly able to trigger cell death through apoptosis [54,70]. Intravitreal
injection of NM DA produces a delayed retinal damage that can be prevented by pre-treatment
with NMDA receptor antagonists or with nitro-L-arginine methyl ester [71]. It has also been

shown that large (magnocellular) retinal ganglion cells, the elements most sensitive to



glaucomatous destruction, are more susceptible to NMDA and glutamate-mediated neurotoxicity
than small ganglion cells [72,73]. Moreover, the astrocytes of the optic nerve head in glaucoma
patients express the inducible form of nitric oxide synthase (NOS Il) whose expression in glial
cells can beinduced in vitro by mechanical and hypoxic stress [68]. Thisfinding further supports
the possibility that free radicals may be alink between the vascular and mechanical theories of
glaucoma pathogenesis. Nitric oxide also appears to beinvolved in the pathogenesis of cellular

damage in the lateral geniculate nucleus, as documented directly in glaucoma (Fig. 3) [74,75].

Correlation between HP infection and glaucoma

Oxidative stress has been implicated in the pathogenesis of several diseases, including both
primary open-angle glaucoma and HP infection (Tab. 3). Up-regulation of the genesinvolved in
inflammation, which typically occurs in HP-infected gastric mucosa, and acute-phase response
might initiate and contribute to the progression of glaucoma|[76]. Therefore, HP infection might
influence the pathophysiology of glaucoma by releasing various pro-inflammatory and vasoactive
substances, as well as by influencing the apoptotic process or TM omeostasis. These parameters
may also exert their own effects on the induction and/or progression of glaucomatous neuropathy
[77]. What links HP infection and glaucoma may be oxidative damage, which has been shown to
occur in cardiovascular diseases, inflammation and glaucoma [50,78-81]. Thus, it cannot be ruled
out that HP infection affects the pathophysiology of glaucoma by producing systemic oxidative
stress through the increase of circulating lipid peroxides [80;82]. Reactive oxygen species and
circulating peroxides are apoptotic signals, apoptosis being the most important mechanism of
cellular death during glaucoma[72]. Moreover, increased levels of HP-specific 1gG antibodies

have been found directly in the aqueous humour of glaucomatous patients [15]. Recently, it has



been proposed that mitogen-activated protein kinases (MAPKS) present in the aqueous humour
could be involved in glaucoma pathogenesis [83]; mitogen-activated protein kinase networks are
involved in the apoptotic process, which isa possible cellular response to oxidative stress [84].
Interestingly, HP has been shown to induce activation of the MAPKs extracdlular signal-
regulated protein kinase (ERK) 1/2, and MAPK/ERK kinase (MEK) 1/2, which are mediated at
the level of the IL-8 promoter [85]. HP infection also induces IL-8 production, leading to
neutrophil migration and activation, ROS generation and oxidative damage.

Gastric HP infection could result in the systemic release of pro-inflammatory and vasoactive
substances, including endothelin-1, nitric oxide and inducible nitric oxide synthase [80,82].
Accordingly, glaucoma patients could display higher susceptibility to oxidative damage in both
the TM and optic nerve head. In agreement with Li et a. (86 ) we can say that chronic oxidative
stressin TM cells induced iROS production in mitochondria. Thisincrease in ROS may
contribute to the pathogenesis of the TM in glaucoma (30,50) by inducing the expression of
inflammatory mediators and also has the potential to contribute by itself to pathophysiological
changes of the outflow pathway by increasing the levels of oxidative damage in the cdlls.
Hosselni et al. hypothesized that eye problems in HP-infected patients may be related to the high
concentration in exhaled air of volatile noxious compounds el aborated by the microorganism,
including hydrogen nitrate and hydrogen cyanide [87]. The activation of inflammatory mediators
by HP might be the pathogenetic mechanism underlying the association between ocular diseases
and HP infection. Similarly, an association between HP infection and respiratory diseases has
been proposed on the basis of the genetic predisposition of the infected host, the presence of
strain-specific virulence factors, and the serum concentration of pro-inflammatory markersin

HP-infected patients [88].
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The notion that systemic oxidative damage induced by infective agentsis related to the onset of
chronic degenerative diseases has already been suggested by studies that have investigated this
relationship with regard to cardiovascular diseases. An association between Chlamydia
pneumonieae or Cytomegal ovirus infection and atherosclerosis has also been reported, [89,90]
suggesting that the underlying pathogenetic mechanism is the production of reactive oxygen

species [90].

Conclusons

In conclusion, it is extremely difficult to compare the results of studies that currently are present
in the literature because we would need a based study population, including thousands of

patients, to really know the prevalence of glaucomain patientsinfected with HP. However at
present, is possible to say that H. pylori infection may influence the pathophysiology of glaucoma
(Table 3) (91) by releasing various proinflammatory and vasoactive substances, as well as by
influencing the apoptotic process, parameters that may also exert their own effectsin the
induction and/or progression of glaucomatous neuropathy (77). In any case, it isdifficult to
understand how HP infection can be linked to such varied pathologies. It is possible that the
“link” might be the oxidative damage that recursin circulation disorders (92), in inflammation
(93) (94) and in glaucoma (50). Anyway, it is clear that an increase in oxidative damage occursin
HP-infected subjects. This phenomenon does not occur only locally in the infected gastric
mucosa, but may be exported to the systemic level, thereby affecting a variety of organs and
tissues, including the eye. Systemic HP-induced oxidative damage may be the mechanism which
links oxidative stress, HP infection and the damage to the TM and Optical Nerve Head that

resultsin glaucoma.
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Notwithstanding, we do not really know if whether or not the prevalence of glaucomais
significantly different in HP infected patients from that in non-infected subjects, there are no
epidemiologic studies that demonstrated the possible ethnic similarities and/or diversities
regarding the association between HP and glaucoma among different countries (95) . Further
studies are necessary to confirm or confute this hypothesis and to clarify the possible role and

importance of genetic factors common to both diseases.
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Urease test

Urease test . Histological Seropositivity Seropositivity Seropasitvity to Acqueous IgG Urea breath-
(sdiva) (gastric resence (ELISA) (immunobl otting) Caoh levels test
mucosa) P g (immunobl otting)
Kountouraset al,
20018
CASES
(41 patients with POAG 46.5% 74.9% 88.2% 68.3% undone undone undone undone
or PEG)
CONTROLS:
(30 anemic non 30% 46.7% 46.7% 30% undone undone undone undone
glaucomatous patients)
-P=0.003 -P=0.0006
P>0.05 P>0.05 P=0.02 P=0.002
Galloway et al,
2003
CASES:
73 patients with different undone undone undone 26.0% undone undone undone undone
types of glaucoma
CONTROLS
94 non glaucomatous undone undone undone 20.2% undone undone undone undone
patients
Kountouras et al
2003?77?
P=0.03
p>005* - - P:046
Razeghingjad et al,
2006
CASES
41 pallentswith POAG undone undone undone undone undone undone 0.5420.67 undone
U/ml
CONTROLS 0.24+0.52
36 patients with cataract undone undone undone undone undone undone U/mi undone
P>0.05
P=0.002 P=0.4 -
0.00: 0.46 P~0.003
Hong Y et al,
2007
CASES: 24 patients with
different types of undone undone undone undone undone undone undone 54.2%
glaucoma
CONTROLS: 24 non 0
glacomatous patients undone undone undone undone undone undone undone 20.8%
- - P=0.017
Kurtzetal,
2008™
CASES 0
51 patients with different undone undone undone undone 60.8% 51.0% undone undone
types of glaucoma
CONTROLS
36 non glaucomatous undone undone undone undone 61.1% 52.8% undone undone
patients
- - P=0.877 P=0.674
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§ Mean of the results obtained within POAG and PEG subgroups.
* Significance of POAG subgroup vs control group and of PEG subgroup vs control group, respectively
** Mean serum |gG levels and corresponding statistical significance of the difference between groups.

Table 1. Comparison of several studies on the prevalence of Helicobacter pylori (HP) infection
among glaucomatous patients, and methods of detection used. The table shows a number of
different tests, most of which are not common to the six studies considered; owing to these
differences, it is difficult to compare the results. However, Kountouras et al. suggest a significant
association between HP infection and both POAG and PEG; their results were yielded by
histological detection of the infection. Moreover, they found a significant differencein 1gG anti-
HP levelsin the aqueous humour of glaucomatous and normal subjects; these results were only
partially confirmed by Razeghingjad et al. Results from Galloway et al. and Kurtz et al. were
obtained only by serological detection of the infection and do not suggest alink between HP
infection and glaucoma.
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Search Engine

Combination of theterms

PubMed

Scopus

Numbers of papers found

pathogenesis

Helicobacter AND glaucoma 18 36 (34)
Helicobacter AND eye AND 50 (46) 16 (14)
pathogenesis

Helicobacter pylori infection AND 115 (97) 18
oxidative stress AND pathogenesis

glaucoma AND oxidative stress AND 73 (57) 71(65)

Table 2 The papers were sought in two databases PubMed and Scopus. We reviewed only papers

written in English. The number of papers actually reviewed is shown in brackets: all abstracts
were read and, if subject was compatible with our article, the paper was reviewed in detail.
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Mechanismslinking H.pylori infection and glaucoma

e Increased platelet and platel et-leucocyte aggregation

¢ Release of proinflammatory and vasoactive substances
(cytochines, eicosanoids, acute-phase proteins)

¢ Endothelin-dependent vascular dysregulation

e Mononuclear cell stimultation to induce afactor-like
procoagulant activity

¢ Induction of cross-mimicry between endothelial and H.
pylori antigens

e Autoimmune injury to the optic nerve directly by
autoantibodies

¢ Production of freeradicals and lipid peroxidation

e Induction of apoptosis

Table 3: Several similar aterations are observed in aged individuals and senescent cells, and are
correlated with cellular response to sublethal doses of oxidative stress. These alterations and
responses include: (1) decline in mitochondrial respiratory function; (2) increase in the rate of
production of reactive oxygen species (ROS); (3) accumulation of mitochondrial DNA (mtDNA)
mutations, (4) increase in the levels of oxidative damage to DNA, protein and lipids; and (5)
decrease in the capacity to degrade oxidatively damaged proteins and other macromolecules.
While the mechanism that links HP infection to glaucoma cannot be identified with certainty, it
should be underlined that free radicals play a central role in both conditions, probably through
various pathogenetic mechanisms. However, the incidence of these condition is known to vary

from person to person, even in the same environmental group of subjects.
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FIGURE LEGENDS

Figurel. Legend A: H. Pylori (grey arrows) adherence to gastric epithelia, as detected by
electron transmission microscopy (4,000 x) in a gastric biopsy collected from a gastritis-affected
patient: H. pylori bound to intestinal villi and mucusis evident. In B: H. pylori colonising gastric
epithelia, detected by scanning e ectron microscopy (3,000 x)

Courtesy of Prof. A. Piana, University of Sassari, Italy.

Figure 2. Legend Relationship between HP infection and ocular diseases and possible
pathogenetic mechanisms. H. pylori infection promotes a local and systemic immune response,
resulting in the production of antibodies againgt HP-associated cytotoxicity A antigen (CagA),
heat shock proteins (HSP) and bacterial epitopes. Cross-mimicry mechanisms could in part
explain the purported relationship between HP infection and Jogren's syndrome, idiopathic
central serous chorioretinopathy (ICSC) and diffuse retinal epitheliopathy (DRE). The
endothelial dysfunction leading to the microvascular aterations found in ICSC could also be
caused by chronic inflammation resulting from the large amount of inflammatory mediators
released during HP infection. Chronic gastritis due to HP infection can lead to malabsorption of
vitamins (B12) and folate, which results in the failure of methylation by 5-methyl-
tetrahydrophobic acid and homocystein accumulation, which, in turn, could trigger endothelial
damage (95). Chronic inflammation can be triggered or exacerbated by gastrin and nitric oxide
(NO) produced by the bacterium, which has also been linked to rosacea, blepharitis and uveitis.
In this context, the role of reactive oxygen species (ROS) appears to be important. As a
consequence of the infection, ammonia, hydrogen cyanide and hydrogen nitrate levels have been
found to be elevated in the exhaled breath of HP-infected patients, prolonged exposure to these

toxic compounds possibly causing significant ocular sequelae.

Figure 3.Legend Mechanism of the relationship between reactive oxygen species (ROS) and
optic nerve damage in ROAG. Glaucomatous neuropathy has a multifactorial etiology. Elevated
intraocular pressure (IOP) is considered the most important risk factor for the development of the
pathology, but increasing evidence supports the so-called “vascular theory”. Elevated IOP can
lead to retinal ganglion cell (RGC) death by blockage of the axoplasmic flow and withdrawal of
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neurotrophic factors, such as brain derived neurotrophic factor (BDNF) or nerve growth factor
(NGF). Many local and systemic mechanisms can lead to local hypoxia and reperfusion injury in
glaucoma; the production of free radicals (ROS) can directly affect RGC axons and has also been
demonstrated to affect the trabecular meshwork, causing IOP increase. Elevated ROS levels can
increase extracellular glutamate — which is responsible for excitotoxic RGC death through the
activation of NMDA receptors — Ca'™ influx, nitric oxide (NO) production, and nitrosative and
oxidative stress. NMDA receptor activation is also able to activate caspases and transcriptional
factors responsible for apoptotic cell death. Both elevated IOP and hypoxia can activate glial-
cell-inducible nitric oxide synthases (NOS); moreover, they can lead to RGC death through the
increased release of tumour necrosis factor alpha (TNF-a). Nitric oxide seems to be involved in

the lateral geniculate nucleus (LGN) degeneration observed during glaucoma.

Figure 4.Legend The possible relationship between HP and glaucoma and its mechanisms. How
H. pylori promotes gastric neoplasia is not yet completely understood; one of the hypothesized
mechanisms is the production of reactive oxygen species (ROS). The bacteria induce chronic
inflammation of the gastric mucosa, followed by the generation of a large amount of ROS by
activated polymorphonucleated cells (PMN); the release of CagA toxins may also lead to ROS
production and the resulting oxidative stress may be amplified by the reduction of antioxidant
defence factors, such as GSH, as induced by the bacterium itself. An accumulation of
intracellular ROS regulates the expression of many genes and can induce point mutations
contributing to the pathogenesis of gastric cancer. Proinflammatory cytokines, such as interferon-
gamma (INF- y) and tumour necrosis factor-alpha (TNF-a), and VacA toxins can trigger
apoptotic mechanisms, leading to optic nerve head degeneration. This may also be the result of
the autoimmune response following the infection or the final effect of endothelins and nitrosative
stress generated by the bacterium.
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