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Even before the advancement of sophisticated molecular biology techniques, eye diseases were regarded as
manifestations of infections in the mouth. A few of the ancient studies interrelated the resolution of the given
disease upon elimination of oral sepsis by extraction of the infected teeth. In this context, bacteria and or their toxic
metabolites and reflex nervous irritation were considered to be the crucial factors. In successive years, the concept
of “oral foci of infection” lost its attention. Nonetheless, there are many studies successively acknowledged
periodontitis as a risk factor in the pathogenesis of assorted inflammatory eye diseases including scleritis, iritis,

glaucoma, diabetic retinopathy (DR), uveitis, retinitis pigmentosa (RP), and Sjogren syndrome (SS).

uveitis scleritis iritis glaucoma diabetic retinopathy, retinitis pigmentosa

Sjogren syndrome Age-related macular degeneration AMD

| 1. Scleritis

Scleritis is a vision-threatening chronic inflammation of the outermost coat of the eye caused by trauma, infection,
or drug allergy LI, Guncu et al. reported a case of periodontitis with symptomatic anterior diffuse scleritis [ and
noticed the resolution of scleritis following effective periodontal treatment. This report indicated that scleritis may be
induced by increased systemic inflammation due to periodontal disease, and the resolution of scleritis was
accomplished after the management of periodontitis, due to the reduction in the levels of inflammatory markers
such as CRP and IL-6, as previously reported B4, Scientific evidence shows that PD patients present with
elevated inflammatory markers in their circulation, markedly cytokines IL-1 and TNF-alpha, PGE2, and hydrolytic
enzymes RIB |t can be deduced that heightened systemic inflammation, rooting from the microbiota in the
subgingival sites of the oral cavity, imposes a persistent bacterial challenge to the host periodontitis and plays a

role in initiating scleritis.

| 2. Diabetic Retinopathy

Diabetic retinopathy (DR) presents with severe damage to the microvasculature of the retina from complications of
uncontrolled diabetes &l |nvestigations on the immune-modulatory responses to bacteria in diabetic subjects
have been a subject of significant research interest for many years. In the same regard, studies have established
that LPS acts as a strong stimulant for the release of cytokines, which are key inducers of insulin resistance &, The
bacterial lipopolysaccharide (LPS) from Escherichia coli has been shown to exhibit major effects on insulin

sensitivity B0 Earlier, Bhat et al. showed that Pg-LPS has substantial implications on the development of
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pancreatic B-cell compensation and insulin resistance in prediabetics with PD 111, Similarly, several studies have
identified single-nucleotide polymorphisms (SNPs) within genes encoding for pro-inflammatory cytokines on
periodontal health as important modifiers in PD and DR 22, Other longitudinal studies have suggested elevated IL-
6 and CRP levels associated with PD, as significant risk factors for insulin resistance and diabetes mellitus (DM)
(23], The phagocytic activities of neutrophils have been found to be compromised in diabetic patients, which leads
to reduced bacterial killing and the augmented destruction of periodontal epithelial attachment (14, |n addition, the
proinflammatory cytokines, IL-13 and TNF-a, produced in response to periodontal infection are responsible for
insulin resistance and an imbalance in glycemic control in PD patients 4. TNF-a and IL-1p levels were commonly
elevated in the GCF of both PD and DM patients. The marked rise in IL-13 and TNF-a in response to bacteremia
induces hyperlipidemia in addition to pancreatic B-cell destruction 3. More importantly, in diabetic retinas, the
levels of TNF-a were higher, which exacerbate the loss of pericytes and endothelial cells and plays a major role in
the pathophysiology of DR [28l. Furthermore, periodontal therapy not only alleviated oral inflammation, but also
reduced the systemic levels of IL6, TNF-a, and CRP 78 |n DM groups, scientists analyzed the gut bacterial
composition and found a significant depletion of Coriobacteriaceae, Veillonellaceae, Streptococcaceae, and
enrichment of Burkholderiaceae and Burkholderiales families W19, |mportantly, Chiu et al. hypothesized that
exposure to Pg increases the risk for early DR 2921 (Figure 1). Cumulatively, per these confirmations, it can be
understood that periodontal pathogens have a bidirectional impact on diabetes and hence DR, the main

complications of DM.
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Figure 1. The link between periodontal pathogens and eye diseases. Growing scientific studies show a palpable
association between oral pathogens (PD) and eye diseases (AMD, Glaucoma, and Diabetic Retinopathy). A
mechanistic explanation for the association between chronic inflammaging diseases such as AMD and PD is an
imperative need to derive preventive and therapeutic targets. Arjunan et al. in an in vitro study
characterized Porphyromonas gingivalis (Pg) invasion in the human RPE cells and its prolonged survival by
autophagy evasion within the RPE cells 22, Another in vivo study employing a pioneering AMD + PD murine model
demonstrated the role of periodontal infection in the augmentation of AMD phenotype
[23)), Fusobacterium and Rothia species were identified as risk factors in the AMD by Pockpa et al., 24 and Rullo et
al., 23 respectively. Chiu et al. demonstrated that Pg increases the risk for early diabetic retinopathy [28), and
oral Lactococcus was found to be markedly depleted in glaucoma patients, as shown by Yoon et al. 24). AMD—

Age-related Macular Degeneration; PD—Periodontal disease.

| 3. Glaucoma

Glaucoma, the second most common cause of blindness worldwide 28 is a neurodegenerative disease that
affects the optic nerve, exclusively the retinal ganglion cells (RGCs) in the neural retina and their axons in the optic

nerve. As a proven source of persistent chronic inflammation, the periodontal pathogens induce vascular
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alterations, resulting in activation of the local immune system within the retina and optic nerve head, allowing
circulating immune or bacterial components to gain access to these sites. The immune mediators consecutively
cause damage to the optic nerve cells by priming the local microglia after entering the retina and optic nerve site.
Astafurov et al. in their pilot case-control study found that peripheral or extra-ocular bacterial activity could be
potentially contributing to the pathogenesis of glaucoma 29B%, The oral bacterial load in patients with glaucoma
was significantly higher than those without glaucoma, suggesting that glaucoma subjects are constantly exposed to
higher levels of bacterial products (p < 0.017), which potentially exacerbate the severity and/or disease progression

(27][28][29][30][31][32](33][34][35] (Figure 1). Moreover, low oral Lactococcus in the glaucoma population suggests that

microbial dysbiosis could play an important role in glaucoma 22,

| 4. Sjogren’s Syndrome

In Sjogren’s Syndrome patients, diminished salivary gland secretion is the main trigger for increased bacterial
dental plaque formation. Higher plaque values, sulcular bleeding, increased probing depths, attachment loss, and
high periodontal indices were observed in oral examination among SS groups relative to healthy subjects. Similarly,
compared to the control group, antibodies against Streptococcus oralis were significantly lower in SS patients. A
higher antibody titer against A. actinomycetemcomitans and Pg was also revealed in these groups B8IE7, An
investigation by Nayyar et al. in rats with chronic periodontitis revealed an increased expression of miRNA-155 in
periodontal bacteria-infected gingiva and decreased expression of miRNA-155 in the submandibular salivary
glands, along with identification of Pg and T. denticola [28l. This study indicates that primary periodontal infections
can alter miRNA profiles in secondary sites such as the salivary glands and highlights the link between PD and SS.
On the other hand, high levels of IL-17 in the plasma of patients with SS and elevated levels of IL-1[3, IL-6, IL-23,
and TGF-B in tissues affected by the disease determined the role of Th17 cells and IL-17 in the pathogenesis of
this auto-immune disease B2, Though the actual role of oral microbiota in the pathogenesis of SS is not thoroughly

comprehensible, bacterial mimicry and metagenomic changes were identified to play a role in the onset of disease
0]

| 5. Age-Related Macular Degeneration

An association between oral health and susceptibility to ocular diseases such as AMD has obtained focus in recent
years. AMD remains a prominent cause of irreversible central vision loss in aged populations of Western nations.
AMD is a late-onset, asymptomatic, progressive eye disease affecting the macula and photoreceptor—retinal
pigment epithelial complex crucial for normal vision. In the United States, approximately eleven million people are
diagnosed with some form of AMD, and it is expected to double by 2050 414243l The early-stage AMD affects
>150 million and advanced AMD accounts for 10 million individuals “4]. Globally, the number of individuals affected
by AMD was projected to reach two hundred million by the year 2020 and 300 million in 2040 (441451481 Athough
age, genetic, environmental, metabolic, functional, and inflammation are documented primary etiologies, the
pathophysiology of this complex asymptomatic disease is still unclear. With the unremitting progression of AMD,

patients gradually lose their ability to perform daily routine activities, which strongly impacts the quality of life of

https://encyclopedia.pub/entry/24314 4/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

affected ones. The current management strategies for this highly prevalent vision-threatening disease have many

limitations without a permanent cure 24147,

AMD presents in two main forms: (a) neovascular AMD (wet or exudative) and (b) geographic atrophy (dry or non-
exudative AMD) 48 Wet AMD causes central vision loss (central scotoma) as a result of the invasion of abnormal
choroidal or retinal blood vessels and subsequent leakage of blood/fluid into the macula, which is the central area
of the retina responsible for high-resolution color vision. The dry form, which affects 85% to 90% of AMD patients,
is characterized by the gradual thinning and break-down of the macular tissue, resulting in irreversible destruction
of the light-sensitive cells in the macula. In the asymptomatic preclinical phase of AMD, residues of undigested
waste materials from the dysfunctional phagocytic cells accumulate in the space between the basement membrane
(Bruch’s membrane) and the epithelial layer in the retina 9. These deposits are referred to as “drusen,” the
trademark of AMD pathology. These sediments are chemoattractant-rich and induce the degeneration of retinal
pigmented epithelial (RPE) cells and subsequently the photoreceptor cells. A low-grade inflammatory response is
incited by these deposits, leading to the recruitment of bone marrow-derived activated macrophages, overly critical
in the induction of AMD pathology 29,

Owing to the multifactorial etiology of AMD, the pathophysiological mechanisms are not completely understood
now. Nevertheless, an unlimited number of studies have emphasized the role of environmental, genetic, and
nutritional factors (smoking, alcohol consumption, low dietary intake of antioxidants, omega fatty acids and
carotenoids, high lipid levels), immune and vascular system interactions, autophagy dysfunction, and oxidative
stress in the instigation and progression of AMD in vulnerable groups Bl Epidemiological studies link a
cholesterol-enriched diet and high plasma cholesterol levels with a high incidence of AMD 2, While sharing the
common hallmark features (drusen, (-amyloid peptide, oxidative stress, and apoptosis), AMD has lately been
associated with Alzheimer’s disease 3. Moreover, SNPs, mutations of mitochondrial DNA, and micro-RNAs have
repercussions on the pathogenesis of AMD 241, Noticeably, complement factor-H is categorized as a risk factor for
AMD [33] where a shared gene locus advocates a probability that microbial interactions with the host complement
trigger AMD via complement-mediated host cell damage 8. Intriguingly, an alteration in the oral or nasal
microbiome is identified to cause significant pathogenic effects. A case-control study analyzed the composition of
nasal and oral microbiota in wet-AMD human patients and demonstrated local changes in the microbial
composition and upregulation of pro-inflammatory pathways in distant sites such as those of the choroid-RPE
complex (22, Here, it is noteworthy that the impact of the extraocular microbiota on AMD pathogenesis is becoming
registered these days. In addition, through former studies, it is apparent that intestinal microbiota through their
functional role in mucosal and systemic immunity contributes to the pathogenesis of AMD BZ. Zinkernagel et al.
remarked that  wet-AMD patients presented  with gut  microbiota that was  enriched
with Anaerotruncus spp., Oscillibacter spp., Ruminococcus torques, and Eubacterium ventricose, while the
microbiota of healthy controls contained protective Bacteroides eggerthii B89, Another study by Andriessen et al.
showed that altered gut microbiota is related to the exacerbation of choroidal neovascularization (CNV) in

predisposed obesity states and the development of neovascular lesions typical of AMD 69,
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In the current era, the presence of aberrant chronic systemic inflammation in our body is recognized as a risk factor
for degenerative diseases of the eye. Chronic oral inflammation caused by periodontal pathogens is being
investigated for the potential risk and vulnerability in AMD patients with co-existing uncontrolled PD. Pockpa et al.
emphasized that PD could be a potential risk factor for AMD and may play a role in the initial stages of AMD [24],
PD patients have presented with increased incidence for both nonexudative-type AMD (5.43 vs. 3.13 per 1000
person-years) and exudative-type AMD (0.52 vs. 0.28 per 1000 person-years) 61, According to the latest case-
control study, infections of specific combinations of periodontal microbiota, independent of PD, may be associated
with AMD, and it may be concluded that oral microbiota has a critical role in eye health 28, In a cross-sectional
observational study, Shin et al. underscored the possibility of poor oral hygiene impacting the development of AMD
in the Korean population. The middle-aged participants with severe PD were observed to be 1.61 times more likely
to have AMD [62. The National Health and Nutrition Examination Survey Il in 2015 concluded that PD is
independently associated with AMD in individuals aged 60 or younger. A total of 52.30% of individuals had PD with
a prevalence rate of 11.45% for AMD [63l. Another study involving 56 AMD patients in the 45 to 90 age group
indicated that the majority of the patients with lesions majorly involved the periodontium 4. Karesvuo et al., in their
population-based cross-sectional study, have presented the notion that alveolar bone loss could be independently
associated with AMD specifically in the male population 2. An increased intestinal permeability resulting from gut
dysbiosis leads to chronic low-grade inflammation, characteristic of inflammaging, and elevated levels of IL-6, IL-
1B, TNF-0, and VEGF-A, leading to the exacerbation of pathological angiogenesis ©9. Moreover, studies have
reported elevated plasma levels of CRP, an acute-phase reactant, and an active regulator of the innate immune
system as high-risk factors associated with advanced AMD [€8l87] Here, excessive levels of CRP are implicated in
a variety of systemic diseases and are strongly associated with PD. Cumulative literature evidence pronounces the

physiological link between periodontal pathogens and AMD, with limited mechanistic vindication for this novel link.

In this scenario, Arjunan et al. first reported the plausible mechanisms underlying the association between chronic
inflammation as in PD and AMD [68 As a firsthand study, it demonstrated the role of intracellular periodontal
bacterium, Pg in the AMD pathophysiology 8. P. gingivalis is a renowned keystone species that impact the host
directly by tissue damage and indirectly by hijacking the immune system to enhance their survival and
multiplication 8. Lately, this team indicated that invasion of RPE cells by Pg and its mutant strains upregulated
AMD-related genes involved in angiogenesis, immunosuppression, and complement activation 2279 (Figure 1).
This specific analysis underscored the high invasive potential of Pg, which is enabled through autophagy
dysfunction, which, in turn, attributes to the link between oral dysbiosis and ocular diseases [22. Preceding studies
have reported significant evidence correlating the levels of local and systemic biomarkers to the pathogenesis of
both PD and AMD. This points to the notion that a dynamic interaction of mixed-species biofilm in the dental plaque
and host innate immune system elicits inflammatory responses in extra-oral sites. A wide spectrum of
investigations has identified altered immune pathways and genes of the innate immune system in the pathogenesis
of AMD 72 The degenerating RPE cells in the retina and choroidal tissue exacerbate chronic inflammation,
along with age-related immune changes contributing to the existing destructive process 3. Hence, it is advocated
that a chronic low-grade oral inflammation sustained by dysbiosis of the oral cavity and a leaky attachment

apparatus exclusively by the periodontal pathogens is attributed to the development of AMD.
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6. Hypothesis Supporting the Association of Periodontal
Pathogens and AMD

Through these years, extensive in vitro and in vivo evidence has revealed the atypical role of immunity in the
development of AMD, attributed to the recruitment of immune cells, especially macrophages, inflammatory
molecules, complement activation, or triggering the microglial cells. Owing to the former interpretations, three
plausible mechanisms are conceivable by which periodontal infection potentially affects ectopic organs such as
eyes: (a) transmigration of periodontopathogens; (b) microbial toxins; and (c) oral-hematogenous spread of pro-
inflammatory mediators and antibodies 741,

(i) With the progression of PD, the healthy epithelium of the richly vascularized periodontal framework ulcerates as
a result of proteolysis and exposes the underlying connective tissues and blood capillaries to the dental biofilm
comprising multiple bacterial species X3, Regular day-to-day procedures such as eating, brushing, and dental
procedures cause the introduction of oral microbes into the bloodstream and lymphatics 8. This condition referred
to as bacteremia is polymicrobial, specifically with high numbers of anaerobic Gram-negative bacilli Z4. Under a
healthy status, host defenses eliminate those microorganisms disseminated into the systemic circulation,
counteracting the transient bacteremia. However, under compromised circumstances, the microorganisms
disseminate to extraoral sites where they adhere to and invade wide-ranging tissues 879 DNAs of the red-
complex group, A. actinomycetemcomitans and C. rectus, have been recovered from atherosclerotic plagques and
aneurysmal thrombus. Pg, the primary colonizer of the epithelium, has been detected in the postmortem brain
tissue of AD patients Y. £ nucleatum found ectopically in the gut is associated with human colorectal cancers,
liver abscesses 81, appendicitis [2l, mastoiditis, tonsillitis, and maxillary sinusitis B3, Both £ nucleatum that
belongs to the orange complex and Pg are linked to various types of Oro-digestive cancers owing to their tissue
invasion capacities. Moreover, the composition and shifts in the nasal and oral microbiota were illustrated in wet
AMD cases compared to controls without retinal diseases. The members of
the Actinobacteria phyla, Rothia genus, Propionibacteriaceae family, and the Corynebacteriaceae genus are
notable species retrieved from the oral cavity of AMD human subjects 22, A multitude of reports has shown that
periodontal pathogens evade the host defense by employing their seasoned strategy, which is host cell invasion.
These species often use host proteins and enzymes to access and invade the cell. Distinctly, the adhesion and
proliferation of periodontal bacteria is never confined to the oral cavity but extends to distant organs. The leakage
and dissemination of LPS endotoxins released by the Gram-negative Pg is an important determinant of focal
infections and extra-oral complications (atherosclerosis, myocardial infarction) [4, The LPS-containing
microvesicles function as “micro bullets” and fortify the invasive ability of Pg, thereby amplifying the destruction of
periodontal tissues 82!, Following the diffusion of cytolytic enzymes and LPS into the bloodstream, TNF-a, IL-1p,
prostaglandin E2 (PGE2), and interferon (IFN)-y are released into the circulation, causing a systemic inflammatory
burden B8l Thus, translocation of these highly invasive microbes ensues in the development of protracted systemic

inflammation and adverse host inflammatory responses.

(i) Hypo or hyper-responsiveness of the immune system results in persistent damage to the periodontal tissue. A

delicate balance between the microbial trigger and host immune response is significant and proportional to the
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severity and progression of PD. Chronic infection of the periodontium and a perpetual upregulation of pro-
inflammatory mediators contributes to a systemic sequel with adverse effects. Pg is equipped with a unique
virulency competently to destruct the host tissues and modify the immune system to support their survival and
multiplication 9. Markedly, these species camouflage from the host immune surveillance and survive for an
extended period within the invaded tissues. Following dissemination and bacteremia, oral bacteria or their soluble
products react with the circulating antibodies and form macromolecular complexes. As per the “Toxic-infective
theory” of Rosenow [BZI88l these immunocomplexes contribute to acute and chronic inflammatory responses at
distant body sites 8l such as the synovial joint, choroid of the eye, kidney, and skin. This observation has been
reported in ocular inflammatory diseases such as Behcet's syndrome, uveitis, chronic urticaria, and Crohn’s
disease B9 As noted by a wide range of investigations, periodontium acts as the reservoir of many
proinflammatory cytokines, especially TNF-a, IL-13, IFN-y, and PGE2, which are implicated in an array of systemic
disorders 2. Intriguingly, a growing body of studies underscored the manifestation of pro-inflammatory factors and
low-grade inflammation in the maturing retina correlating with AMD pathophysiology. A series of scientific evidence
has established that the chronic aberrant inflammatory response aids the progression of AMD into advanced
stages, culminating in the irreversible decline of visual function. Indisputably, low-grade chronic inflammation

provoked by oral pathogens has a significant impact on vulnerable distant body sites such as the eyes.

| 7. “Oro-Optic Network”

A congregation of basic and clinical studies has expounded the biological association of chronic periodontal
inflammation with an array of systemic diseases; however, mechanistic clarifications for the linkage between
periodontal pathogens and ocular diseases are due for analysis. While referring to the scientific proposition that
periodontitis incites aberrant inflammation, which radiates into the systemic health of vulnerable patients, the
potential link in the “Oro-optic network” in terms of anatomical proximity and ectopic immunological responses is

approached.

| 8. Proximity of Anatomical Structures

Many decades ago, animal research considered unnoticed dental ailments contributing directly or indirectly to
vision-threatening eye disease. Ocular manifestations of oral diseases were appreciated in dogs and cats where
the anatomical proximity between posterior maxillary (upper back) teeth and the orbit was correlated 29, although
no direct human cases were presented with this scenario. The human eye is shown to maintain an immune-
privileged state 2192 sych as the equivalent brain. Nonetheless, despite the notion that the entry of immune cells
into the eye is nonexistent 28l recent studies have shown that certain immune cells are recruited to the eye
following retinal injury through infections or inflammation, as noticed in several models 24, As illustrated before, the
anatomic accessibility of oral microflora to the bloodstream via the ulcerated periodontal epithelium facilitates
bacteremia and the systemic spread of bacterial components, their metabolic wastes, and immune macro-
complexes. In this context, the “danger triangle of the face” (small imaginary triangle extending from the corners of

the mouth to the nasal bridge, direction, and pattern of blood supply to the nose, venous drainage from the facial
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veins, and pterygoid plexus) obligates a remark as significant anatomical landmarks. It is because an infection
traveling from this specific area, specifically the upper jaw, eyes, and nasal region, spread into the cavernous
sinus, resulting in a fatal condition called cavernous sinus thrombosis. It can be hypothesized that this anatomical
juxtaposition may be related to the metastatic dissemination of tissue-invasive periodontal pathogens, especially
Pg and/or their bi-products, to the orbital structures through blood or lymphatics, where they feasibly provoke

aberrant host immune responses.

| 9. Inmunological Perspective

The end-product of crosstalk between the host and microbial community results in local and systemic
complications in the PD environment. Scientific underpinnings are signifying that the systemic inflammatory burden
prompted by the periodontopathogen infection occurs enigmatically either through the subversion of host defenses
and/or augmentation of inflammatory responses in the body. Innate immunity plays an elemental role in chronic
inflammation, and periodontal pathogens trigger innate immunity through the activation of TLRs that result in the
production of pro-inflammatory cytokines and recruitment of macrophages, granulocytes, and dendritic cells along
with lymphocytes into the inflammatory zone. Pg has evolved unique mechanisms to circumvent the host immune
response by employing strategies to survive, sustain, and persist within the oral tissues, particularly the antigen-
presenting dendritic cells (DCs), for a prolonged period [22I23, Studies have discovered Pg surviving actively within
the macrophages 8. The major and minor fimbriae of Pg are the key elements in the disruption of immune
homeostasis as the fimbrial adhesins of Pg facilitate biofilm formation, invasion, and dissemination through blood
DCs. Numerous scientific findings have highlighted that the internalization of Pg produces a “privileged niche”
under a dormant state while insulating them from host immune surveillance. It should be appreciated that
periodontal bacteria internalized in monocytes, macrophages, or the DCs at the diseased site operate a “Trojan
horse” modus, to disseminate to other tissues 27, It is already established that Pg efficiently subverts normal DC
function and transmutes it to a highly migratory immunosuppressive phenotype 2. This aids in the metastatic
spread from the oral sites to a remote site as observed in atherosclerosis. Several animal experiments have
demonstrated that Pg is well-formed to colonize distant organs such as a coronary artery, placenta, liver, pancreas,
and, as lately found, invading brain tissues. Undeniably, this potent microbiome contained within the blood-DCs of

patients with PD has profound effects on systemic health (28],

| 10. How about the Retina?

In light of these novel discoveries, regarding the healthy retina, in which the RPE cells play a key role in immune
responses against overt inflammation with the help of TLRs. The initial recruitment of monocyte-derived
macrophages ensuing immune activation is required to process the byproducts from the photoreceptors and RPE.
Under normal healthy settings, RPE offers immune suppression through tight junction-mediated barrier integrity
and anti-inflammatory cytokines, while the retinal microglia provide additional immune surveillance by clearing the
cell debris. The microglia are the resident inflammatory cells of the retina as with those tissue macrophages and

microglia in the brain. To purge the byproducts from visual activities and to maintain normal vision, the subretinal
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physiological migration of microglia is obligatory, while its impairment instigates the death of photoreceptor cells
and exacerbates retinal degeneration 8. The disparity in the process of elimination of damaged tissue filtrate
leads to the accumulation of drusen. Under healthy status, a balanced supply of oxygen and metabolic substrates,
as well as an intact BRB, are key requirements for the maintenance of retinal structure and function 2. Notably,
RPE is a common site for inflammatory assault, which leads to the breakdown of the barrier functions and
choroidal neovascularization (CNV). Functionally, the blood-retinal barrier (BRB) preserves the physiological
environment of the neural retina and limits inflammatory responses, being dependent on the integrity of the RPE
(1001 sjgnificantly, RPE is the main target for many neurodegenerative diseases such as AMD 194 |n wet AMD, the
breakdown of the BRB allows circulating immune cells to access a highly immunogenic environment, resulting in
macrophage recruitment. Subsequently, these macrophages initiate a neovascular response and produce an
abnormal, leaky vascular network, causing fluid leakage followed by the development of fibrosis. The dry form
presents with areas of degenerated RPE and photoreceptors with the release of toxic inflammatory mediators and
cytokines. The role of macrophages has been described in CNV in terms of polarization concerning pro-
inflammatory (M1 macrophages) and pro-angiogenic (M2 macrophages) responses “8. As per Wagley et al.’s
hypothesis, the pathophysiological pathway of the pathogen-associated molecular pattern (PAMP) recognition and
the subsequent triggering of the immune response and tissue destruction via molecular mimicry is considerable in

this infection-driven inflammatory model for the association of PD with AMD [63],

Other studies have established Pg access into immature DCs in situ in diseased human gingiva 192, |t is identified
that these infected DCs, exclusively through the DC-SIGN (DC-specific intercellular adhesion molecule-3 grabbing
nonintegrin receptor) sustain an immature state and remain highly resistant to apoptosis. Typically, matured DCs
engage in the expansion and differentiation of T-cells that regulate or suppress other immune T-cells, whereas the
immature DCs that reside in the mucosa are destined to harness different allergens and antigens, which, in turn,
stimulates their maturation. In human gingiva, the maturation of DCs results in downregulated antigen-capture
machinery while upregulating costimulatory molecules, cytokines (interleukin-1p, IL-6) antigen-presenting
molecules (MHC | and Il), and adhesion molecules (ICAM-1, VLA4), which are necessary to prime the naive T-cells
in lymphoid organs [192]103]

Arjunan et al. elucidated that the dysbiotic periodontal pathogen Pg in high concentrations efficiently invades RPE
cells, replicates, and sustains within them 22, Based on recent data, one can hypothesize that invasion and
autophagy evasion by this keystone species could be contemplated as one of the contributing elements in the
pathogenesis of retinal degenerative diseases such as AMD. In relevance to this perception, the lysosome/vacuolar
escape or survival mechanism of Pg strains might occur through the deactivation of autophagy-signaling molecules
in RPE cells. The host—pathogen interaction and the strategies by which RPE cells respond to the monomicrobial
or polymicrobial biofilm and its pathological impact in vitro and in vivo has remained elusive. Consecutively, the
same team has demonstrated a role for periodontal pathogens in the augmentation of the AMD phenotype in vivo
by employing a groundbreaking AMD + PD murine model 23, This report identified particularly the role of the
keystone periodontopathogen Pg in the progression of neovasculogenesis in a laser-induced choroidal-
neovascularization (Li-CNV) mouse retina. Multiple inflammatory drusen-like lesions, reduced retinal thickness, and

increased vascular leakage were the significant findings reported in the AMD + PD mice retinae. They have also
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identified augmented expression of oxidative stress, angiogenesis, and pro-inflammatory mediators, whereas

antioxidants and anti-inflammatory genes were notably declined. Further, interestingly, the key finding of the study

documented is the expression of Pg and its fimbrial 16s-rRNA gene in the AMD + PD mice retinae 232041 Gjven

this setting, the authors postulate that upon stimulation by the dysbiotic oral pathogens or through systemic

diffusion of their metabolic by-products, the inflammatory immune cells may function as potential carriers of the oral

pathogens and disseminate them to distant body sites including the immune-privileged sites such as the eye.

However, upcoming investigations in human subjects will resolve the puzzle in verifying the causal role of Pg and

other oral pathogens in the invasion of RPE cells and their interaction with the intraocular immune system in
patients with AMD and PD.

References

10.

. Héron, E.; Bourcier, T. Scleritis and episcleritis. J. Fr. Ophtalmol. 2017, 40, 681-695.

. Guncu, G.N.; Caglayan, F. Resolution of anterior scleritis after periodontal therapy. Eur. J. Dent.

2011, 5, 337-339.

. D’Aiuto, F.; Parkar, M.; Andreou, G.; Suvan, J.; Brett, P.M.; Ready, D.; Tonetti, M.S. Periodontitis

and systemic inflammation: Control of the local infection is associated with a reduction in serum
inflammatory markers. J. Dent. Res. 2004, 83, 156-160.

. Mesquida, M.; Leszczynska, A.; Llorenc, V.; Adan, A. Interleukin-6 blockade in ocular

inflammatory diseases. Clin. Exp. Immunol. 2014, 176, 301-309.

. Page, R.C. The role of inflammatory mediators in the pathogenesis of periodontal disease. J.

Periodontal Res. 1991, 26, 230-242.

. Yucel-Lindberg, T.; Bage, T. Inflammatory mediators in the pathogenesis of periodontitis. Expert

Rev. Mol. Med. 2013, 15, e7.

. Huang, Y.; Wang, Z.; Ma, H.; Ji, S.; Chen, Z.; Cui, Z.; Chen, J.; Tang, S. Dysbiosis and Implication

of the Gut Microbiota in Diabetic Retinopathy. Front. Cell Infect. Microbiol. 2021, 11, 646348.

.Jiao, J.; Yu, H.; Yao, L.; Li, L.; Yang, X.; Liu, L. Recent Insights into the Role of Gut Microbiota in

Diabetic Retinopathy. J. Inflamm. Res. 2021, 14, 6929-6938.

. Cani, P.D.; Amar, J.; Iglesias, M.A.; Poggi, M.; Knauf, C.; Bastelica, D.; Neyrinck, A.M.; Fava, F,;

Tuohy, K.M.; Chabo, C.; et al. Metabolic Endotoxemia Initiates Obesity and Insulin Resistance.
Diabetes 2007, 56, 1761-1772.

Liang, H.; Hussey, S.E.; Sanchez-Avila, A.; Tantiwong, P.; Musi, N. Effect of lipopolysaccharide on
inflammation and insulin action in human muscle. PLoS ONE 2013, 8, e63983.

https://encyclopedia.pub/entry/24314 11/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bhat, U.G.; llievski, V.; Unterman, T.G.; Watanabe, K. Porphyromonas gingivalis
lipopolysaccharide upregulates insulin secretion from pancreatic beta cell line MING. J.
Periodontol. 2014, 85, 1629-1636.

Burleson, G.R. Immunological Variation Due to Genetics of Inflammatory SNPs and Age and
Impact on Disease Manifestation. Toxicol. Pathol. 2017, 45, 146-149.

Wang, X.; Bao, W.; Liu, J.; Ouyang, Y.Y.; Wang, D.; Rong, S.; Xiao, X.; Shan, Z.L.; Zhang, Y.; Yao,
P.; et al. Inflammatory markers and risk of type 2 diabetes: A systematic review and meta-
analysis. Diabetes Care 2013, 36, 166—-175.

lacopino, A.M. Periodontitis and diabetes interrelationships: Role of inflammation. Ann.
Periodontol. 2001, 6, 125-137.

Wu, H.; Ballantyne, C.M. Skeletal muscle inflammation and insulin resistance in obesity. J. Clin.
Investig. 2017, 127, 43-54.

Graves, D.T.; Kayal, R.A. Diabetic complications and dysregulated innate immunity. Front. Biosci.
2008, 13, 1227-1239.

Chang, P.-C.; Lim, L.P. Interrelationships of periodontitis and diabetes: A review of the current
literature. J. Dent. Sci. 2012, 7, 272-282.

Roca-Millan, E.; Gonzélez-Navarro, B.; Sabater-Recolons, M.M.; Mari-Roig, A.; Jané-Salas, E.;
Lopez-Lépez, J. Periodontal treatment on patients with cardiovascular disease: Systematic review
and meta-analysis. Med. Oral Patol. Oral Cir. Bucal. 2018, 23, e681-e690.

Ye, P.; Zhang, X.; Xu, Y.; Xu, J.; Song, X.; Yao, K. Alterations of the Gut Microbiome and
Metabolome in Patients With Proliferative Diabetic Retinopathy. Front. Microbiol. 2021, 12,
667632.

Horikawa, Y.; Suzuki, A.; Enya, M.; Hashimoto, K.I.; Nishida, S.; Kobayashi, R.; Ohashi, T;
Yamazaki, F.; Totani, R.; Koba-yashi, H. Periodontal Disease May be Associated with the
Occurrence of Diabetic Retinopathy: A Subgroup Analysis of The Survey of the Diabetes
Coordination Notebook in Gifu. Exp. Clin. Endocrinol. Diabetes 2019, 128, 231-238.

Chiu, C.-J.; Chang, M.-L.; Kantarci, A.; Van Dyke, T.E.; Shi, W. Exposure to Porphyromonas
gingivalis and Modifiable Risk Factors Modulate Risk for Early Diabetic Retinopathy. Transl. Vis.
Sci. Technol. 2021, 10, 23.

Arjunan, P.; Swaminathan, R.; Yuan, J.; Al-Shabrawey, M.; Espinosa-Heidmann, D.G.; Nussbaum,
J.; Martin, P.M.; Cutler, C.W. Invasion of Human Retinal Pigment Epithelial Cells by
Porphyromonas gingivalis leading to Vacuolar/Cytosolic localization and Autophagy dysfunction
In-Vitro. Sci. Rep. 2020, 10, 7468.

https://encyclopedia.pub/entry/24314 12/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Arjunan, P.; Swaminathan, R.; Yuan, J.; Elashiry, M.; Tawfik, A.; Al-Shabrawey, M.; Martin, P.M.;
Muthusamy, T.; Cutler, C.W. Exacerbation of AMD Phenotype in Lasered CNV Murine Model by
Dysbiotic Oral Pathogens. Antioxidants 2021, 10, 309.

Pockpa, Z.A.D.; Struillou, X.; Kone, D.; Mobio, G.S.; Soueidan, A.; Badran, Z. Periodontal
Diseases and Age-Related Macular Degeneration: Is There a Link? A Review. Perm. J. 2019, 23,
18-260.

Rullo, J.; Far, P.M.; Quinn, M.; Sharma, N.; Bae, S.; Irrcher, I.; Sharma, S. Local oral and nasal
microbiome diversity in age-related macular degeneration. Sci. Rep. 2020, 10, 3862.

Chiu, C.-J.; Kantarci, A.; Klein, R. Infection Patterns of Periodontal Microbiota and Age-related
Macular Degeneration. Investig. Ophthalmol. Vis. Sci. 2019, 60, 1722.

Yoon, B.W.; Lim, S.H.; Shin, J.H.; Lee, J.W.; Lee, Y.; Seo, J.H. Analysis of oral microbiome in
glaucoma patients using machine learning prediction models. J. Oral Microbiol. 2021, 13,
1962125.

Kingman, S. Glaucoma is second leading cause of blindness globally. Bull. World Health Organ.
2004, 82, 887-888.

Sun, K.-T.; Shen, T.C.; Chen, S.C.; Chang, C.L.; Li, C.H.; Li, X.; Palanisamy, K.; Hsia, N.Y.;
Chang, W.S.; Tsai, C.W. Periodontitis and the subsequent risk of glaucoma: Results from the real-
world practice. Sci. Rep. 2020, 10, 17568.

Astafurov, K.; Elhawy, E.; Ren, L.; Dong, C.Q.; Igboin, C.; Hyman, L.; Griffen, A.; Mittag, T.;
Danias, J. Oral microbiome link to neurodegeneration in glaucoma. PLoS ONE 2014, 9, e104416.

Polla, D.; Astafurov, K.; Hawy, E.; Hyman, L.; Hou, W.; Danias, J. A Pilot Study to Evaluate the
Oral Microbiome and Dental Health in Primary Open-Angle Glaucoma. J. Glaucoma 2017, 26,
320-327.

Azam, S.; Jakaria, M.; Kim, I.S.; Kim, J.; Haque, M.E.; Choi, D.K. Regulation of Toll-Like Receptor
(TLR) Signaling Pathway by Polyphenols in the Treatment of Age-Linked Neurodegenerative
Diseases: Focus on TLR4 Signaling. Front. Immunol. 2019, 10, 1000.

Pasquale, L.R.; Hyman, L.; Wiggs, J.L.; Rosner, B.A.; Joshipura, K.; McEvoy, M.; McPherson,
Z.E.; Danias, J.; Kang, J.H. Prospective Study of Oral Health and Risk of Primary Open-Angle
Glaucoma in Men: Data from the Health Professionals Follow-up Study. Ophthalmology 2016,
123, 2318-2327.

Abbayya, K.; Puthanakar, N.Y.; Naduwinmani, S.; Chidambar, Y.S. Association between
Periodontitis and Alzheimer’s Disease. N. Am. J. Med. Sci. 2015, 7, 241-246.

Ohira, S.; Inoue, T.; Iwao, K.; Takahashi, E.; Tanihara, H. Factors Influencing Aqueous
Proinflammatory Cytokines and Growth Factors in Uveitic Glaucoma. PLoS ONE 2016, 11,

https://encyclopedia.pub/entry/24314 13/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

e0147080.

Celenligil, H.; Eratalay, K.; Kansu, E.; Ebersole, J.L. Periodontal status and serum antibody
responses to oral microorganisms in Sjogren’s syndrome. J. Periodontol. 1998, 69, 571-577.

Detert, J.; Pischon, N.; Burmester, G.R.; Buttgereit, F. Pathogenese der Parodontitis bei
rheumatischen Erkrankungen. Z. fir Rheumatol. 2010, 69, 109-116.

Nayar, G.; Gauna, A.; Chukkapalli, S.; Velsko, I.; Kesavalu, L.; Cha, S. Polymicrobial infection
alter inflammatory microRNA in rat salivary glands during periodontal disease. Anaerobe 2016,
38, 70-75.

Kwok, S.K.; Cho, M.L.; Her, Y.M.; Oh, H.J.; Park, M.K.; Lee, S.Y.; Woo, Y.J.; Ju, J.H.; Park, K.S.;
Kim, H.Y.; et al. TLR2 ligation induces the production of IL-23/IL-17 via IL-6, STAT3 and NF-kB
pathway in patients with primary Sjogren’s syndrome. Arthritis Res. 2012, 14, R64.

Trujillo-Vargas, C.M.; Schaefer, L.; Alam, J.; Pflugfelder, S.C.; Britton, R.A.; de Paiva, C.S. The
gut-eye-lacrimal gland-microbiome axis in Sjogren Syndrome. Ocul. Surf. 2020, 18, 335—-344.

NEI. Age-Related Macular Degeneration (AMD) Data and Statistics. Available online:
https://www.nei.nih.gov/learn-about-eye-health/resources-for-health-educators/eye-health-data-
and-statistics/age-related-macular-degeneration-amd-data-and-statistics (accessed on 22 March
2022).

Pennington, K.L.; DeAngelis, M.M. Epidemiology of age-related macular degeneration (AMD):
Associations with cardiovascular disease phenotypes and lipid factors. Eye Vis. 2016, 3, 34.

Rein, D.B.; Wittenborn, J.S.; Zhang, X.; Honeycutt, A.A.; Lesesne, S.B.; Saaddine, J.; Group,
V.H.C.-E.S. Forecasting Age-Related Macular Degeneration Through the Year 2050: The
Potential Impact of New Treatments. Arch. Ophthalmol. 2009, 127, 533-540.

Wong, W.L.; Su, X.; Li, X.; Cheung, C.M.; Klein, R.; Cheng, C.Y.; Wong, T.Y. Global prevalence of
age-related macular degeneration and disease burden projection for 2020 and 2040: A systematic
review and meta-analysis. Lancet Glob. Health 2014, 2, e106—116.

Jonas, J.B.; Cheung, C.M.G.; Panda-Jonas, S. Updates on the Epidemiology of Age-Related
Macular Degeneration. Asia Pac. J. Ophthalmol. 2017, 6, 493—-497.

Javed, F.; Sculean, A.; Romanos, G.E. Association between age-related macular degeneration
and periodontal and peri-implant diseases: A systematic review. Acta Ophthalmol. 2020, 99, 351
356.

Eke, P.1.; Dye, B.A.; Wei, L.; Slade, G.D.; Thornton-Evans, G.O.; Borgnakke, W.S.; Taylor, G.W.,;
Page, R.C.; Beck, J.D.; Genco, R.J. Update on Prevalence of Periodontitis in Adults in the United
States: NHANES 2009 to 2012. J. Periodontol. 2015, 86, 611-622.

https://encyclopedia.pub/entry/24314 14/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Ambati, J.; Atkinson, J.P.; Gelfand, B.D. Immunology of age-related macular degeneration. Nat.
Rev. Immunol. 2013, 13, 438-451.

Evans, J.R. Risk Factors for Age-related Macular Degeneration. Prog. Retin. Eye Res. 2001, 20,
227-253.

Forrester, J.V. Macrophages eyed in macular degeneration. Nat. Med. 2003, 9, 1350-1351.

Hernandez-Zimbroén, L.F.; Zamora-Alvarado, R.; Ochoa-De la Paz, L.; Velez-Montoya, R.;
Zenteno, E.; Gulias-Cafiizo, R.; Quiroz-Mercado, H.; Gonzalez-Salinas, R. Age-Related Macular
Degeneration: New Paradigms for Treatment and Management of AMD. Oxid. Med. Cell Longev.
2018, 2018, 8374647.

Dasari, B.; Prasanthi, J.R.P.; Marwarha, G.; Singh, B.B.; Ghribi, O. Cholesterol-enriched diet
causes age-related macular degeneration-like pathology in rabbit retina. BMC Ophthalmol. 2011,
11, 22.

Guo, L.; Duggan, J.; Cordeiro, M.F. Alzheimer’s disease and retinal neurodegeneration. Curr.
Alzheimer Res. 2010, 7, 3-14.

Moschos, M.M.; Nitoda, E.; Chatziralli, I.P.; Demopoulos, C.A. Age-Related Macular
Degeneration: Pathogenesis, Genetic Background, and the Role of Nutritional Supplements. J.
Chem. 2014, 2014, 317536.

Coleman, H.R.; Chan, C.-C.; Ferris, F.L., 3rd; Chew, E.Y. Age-related macular degeneration.
Lancet 2008, 372, 1835-1845.

Ho, E.X.P.; Cheung, C.M.G.; Sim, S.; Chu, C.W.; Wilm, A.; Lin, C.B.; Mathur, R.; Wong, D.; Chan,
C.M.; Bhagarva, M.; et al. Human pharyngeal microbiota in age-related macular degeneration.
PLoS ONE 2018, 13, e0201768.

Lin, P. Importance of the intestinal microbiota in ocular inflammatory diseases: A review. Clin. Exp.
Ophthalmol. 2019, 47, 418-422.

Zinkernagel, M.S.; Zysset-Burri, D.C.; Keller, I.; Berger, L.E.; Leichtle, A.B.; Largiadér, C.R.;
Fiedler, G.M.; Wolf, S. Association of the Intestinal Microbiome with the Development of
Neovascular Age-Related Macular Degeneration. Sci. Rep. 2017, 7, 40826.

Lima-Fontes, M.; Meira, L.; Barata, P.; Falcdo, M.; Carneiro, A. Gut microbiota and age-related
macular degeneration: A growing partnership. Surv. Ophthalmol. 2021.

Andriessen, E.M.; Wilson, A.M.; Mawambo, G.; Dejda, A.; Miloudi, K.; Sennlaub, F.; Sapieha, P.
Gut microbiota influences pathological angiogenesis in obesity-driven choroidal
neovascularization. EMBO Mol. Med. 2016, 8, 1366—1379.

Sun, K.T.; Hsia, N.Y.; Chen, S.C.; Lin, C.L.; Chen, L.A.; Wu, I.T.; Palanisamy, K.; Shen, T.C.; Li,
C.Y. Risk of Age-Related Macular Degeneration in Patients with Periodontitis: A Nationwide

https://encyclopedia.pub/entry/24314 15/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Population-Based Cohort Study. Retina 2019, 40, 2312-2318.

Shin, Y.U.; Lim, H.W.; Hong, E.H.; Kang, M.H.; Seong, M.; Nam, E.; Cho, H. The association
between periodontal disease and age-related macular degeneration in the Korea National health
and nutrition examination survey: A cross-sectional observational study. Medicine 2017, 96,
e6418.

Wagley, S.; Marra, K.V.; Salhi, R.A.; Gautam, S.; Campo, R.; Veale, P.; Veale, J.; Arroyo, J.G.
Periodontal Disease and Age-Related Macular Degeneration: Results From the National Health
and Nutrition Examination Survey lll. Retina 2015, 35, 982-988.

Brzozowska, A.; Puchalska-Niedbal, L. Oral status as a potential source of infection in AMD
patients—Introduction. Klinika oczna 2012, 114, 29-32.

Karesvuo, P.; Gursoy, U.K.; Pussinen, P.J.; Suominen, A.L.; Huumonen, S.; Vesti, E.; Kononen, E.
Alveolar Bone Loss Associated With Age-Related Macular Degeneration in Males. J. Periodontol.
2013, 84, 58-67.

Shijo, T.; Sakurada, Y.; Fukuda, Y.; Yoneyama, S.; Sugiyama, A.; Matsubara, M.; Kikushima, W.;
Tanabe, N.; Parikh, R.; Kashiwagi, K. Association of CRP levels with ARMS2 and CFH variants in
age-related macular degeneration. Int. Ophthalmol. 2020, 40, 2735-2742.

Seddon, J.M.; Gensler, G.; Rosner, B. C-reactive protein and CFH, ARMS2/HTRAL gene variants
are independently associated with risk of macular degeneration. Ophthalmology 2010, 117, 1560—
1566.

Arjunan, P. Investigating the Enigmatic Link between Periodontal Inflammation and Retinal
Degeneration. Available online: https://aadr2018.zerista.com/poster/member/121775 (accessed
on 23 March 2022).

Hajishengallis, G. Porphyromonas gingivalis-host interactions: Open war or intelligent guerilla
tactics? Microbes Infect. 2009, 11, 637-645.

Arjunan, P.; Meghil, M.M.; Pi, W.; Xu, J.; Lang, L.; EI-Awady, A.; Sullivan, W.; Rajendran, M.;
Rabelo, M.S.; Wang, T.; et al. Oral Pathobiont Activates Anti-Apoptotic Pathway, Promoting both
Immune Suppression and Oncogenic Cell Proliferation. Sci. Rep. 2018, 8, 16607.

Tuo, J.; Grob, S.; Zhang, K.; Chan, C.C. Genetics of immunological and inflammatory
components in age-related macular degeneration. Ocul. Immunol. Inflamm. 2012, 20, 27-36.

Kauppinen, A.; Paterno, J.J.; Blasiak, J.; Salminen, A.; Kaarniranta, K. Inflammation and its role in
age-related macular degeneration. Cell Mol. Life Sci. 2016, 73, 1765-1786.

Gendron, R.; Grenier, D.; Maheu-Robert, L. The oral cavity as a reservoir of bacterial pathogens
for focal infections. Microbes Infect. 2000, 2, 897—906.

https://encyclopedia.pub/entry/24314 16/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Igari, K.; Kudo, T.; Toyofuku, T.; Inoue, Y.; lwai, T. Association between periodontitis and the
development of systemic diseases. Oral Biol. Dent. 2014, 2, 4.

Horliana, A.C.; Chambrone, L.; Foz, A.M.; Artese, H.P.; Rabelo Mde, S.; Pannuti, C.M.; Romito,
G.A. Dissemination of periodontal pathogens in the bloodstream after periodontal procedures: A
systematic review. PLoS ONE 2014, 9, e98271.

Brook, I. The role of anaerobic bacteria in bacteremia. Anaerobe 2010, 16, 183-189.

Debelian, G.J.; Olsen, |.; Tronstad, L. Systemic diseases caused by oral microorganisms. Endod.
Dent. Traumatol. 1994, 10, 57-65.

Cahill, T.J.; Prendergast, B.D. Infective endocarditis. Lancet 2016, 387, 882—893.

Carrizales-Sepulveda, E.F.; Ordaz-Farias, A.; Vera-Pineda, R.; Flores-Ramirez, R. Periodontal
Disease, Systemic Inflammation and the Risk of Cardiovascular Disease. Heart Lung Circ. 2018,
27, 1327-1334.

Dominy, S.S.; Lynch, C.; Ermini, F.; Benedyk, M.; Marczyk, A.; Konradi, A.; Nguyen, M.; Haditsch,
U.; Raha, D.; Griffin, C.; et al. Porphyromonas gingivalis in Alzheimer’s disease brains: Evidence
for disease causation and treatment with small-molecule inhibitors. Sci. Adv. 2019, 5, eaau3333.

Wijarnpreecha, K.; Yuklyaeva, N.; Sornprom, S.; Hyman, C. Fusobacterium Nucleatum: Atypical
Organism of Pyogenic Liver Abscess Might be Related to Sigmoid Diverticulitis. N. Am. J. Med.
Sci. 2016, 8, 197-199.

Swidsinski, A.; Dorffel, Y.; Loening-Baucke, V.; Theissig, F.; Rickert, J.C.; Ismail, M.; Rau, W.A.;
Gaschler, D.; Weizenegger, M.; Kihn, S.; et al. Acute appendicitis is characterised by local
invasion with Fusobacterium nucleatum/necrophorum. Gut 2011, 60, 34—40.

Brennan, C.A.; Garrett, W.S. Fusobacterium nucleatum—Symbiont, opportunist and
oncobacterium. Nat. Rev. Microbiol. 2019, 17, 156-166.

Konkel, J.E.; O’'Boyle, C.; Krishnan, S. Distal Consequences of Oral Inflammation. Front.
Immunol. 2019, 10, 1403.

Singhrao, S.K.; Olsen, I. Are Porphyromonas gingivalis Outer Membrane Vesicles Microbullets for
Sporadic Alzheimer’s Disease Manifestation? J. Alzheimer’s Dis. Rep. 2018, 2, 219-228.

Page, R.C. The Pathobiology of Periodontal Diseases May Affect Systemic Diseases: Inversion of
a Paradigm. Ann. Periodontol. 1998, 3, 108-120.

Rosenow, E.C. Studies on Elective Localization Focal Infection with Special Reference to Oral
Sepsis’. J. Dent. Res. 1919, 1, 205-267.

Somma, F.; Castagnola, R.; Bollino, D.; Marigo, L. Oral inflammatory process and general health.
Part 2: How does the periapical inflammatory process compromise general health? Eur. Rev.

https://encyclopedia.pub/entry/24314 17/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Med. Pharm. Sci. 2011, 15, 35-51.

Li, X.; Kolltveit, K.M.; Tronstad, L.; Olsen, I. Systemic diseases caused by oral infection. Clin.
Microbiol. Rev. 2000, 13, 547-558.

Ramsey, D.T.; Marretta, S.M.; Hamor, R.E.; Gerding, P.A., Jr.; Knight, B.; Johnson, J.M.; Bagley,
L.H. 2nd. Ophthalmic manifestations and complications of dental disease in dogs and cats. J. Am.
Anim. Hosp. Assoc. 1996, 32, 215-224.

Forrester, J.V.; Xu, H.; Kuffova, L.; Dick, A.D.; McMenamin, P.G. Dendritic cell physiology and
function in the eye. Immunol. Rev. 2010, 234, 282-304.

Streilein, J.W. Ocular immune privilege: Therapeutic opportunities from an experiment of nature.
Nat. Rev. Immunol. 2003, 3, 879-889.

London, A.; Benhar, I.; Schwartz, M. The retina as a window to the brain-from eye research to
CNS disorders. Nat. Rev. Neurol. 2013, 9, 44-53.

Heuss, N.D.; Lehmann, U.; Norbury, C.C.; McPherson, S.W.; Gregerson, D.S. Local activation of
dendritic cells alters the pathogenesis of autoimmune disease in the retina. J. Immunol. 2012,
188, 1191-1200.

Arjunan, P.; EI-Awady, A.; Dannebaum, R.O.; Kunde-Ramamoorthy, G.; Cutler, C.W. High-
throughput sequencing reveals key genes and immune homeostatic pathways activated in
myeloid dendritic cells by Porphyromonas gingivalis 381 and its fimbrial mutants. Mol. Oral
Microbiol. 2016, 31, 78-93.

Hajishengallis, G.; Lambris, J.D. Microbial manipulation of receptor crosstalk in innate immunity.
Nat. Rev. Immunol. 2011, 11, 187-200.

Kozarov, E. Bacterial invasion of vascular cell types: Vascular infectology and atherogenesis.
Future Cardiol. 2012, 8, 123-138.

Carrion, J.; Scisci, E.; Miles, B.; Sabino, G.J.; Zeituni, A.E.; Gu, Y.; Bear, A.; Genco, C.A.; Brown,
D.L.; Cutler, C.W. Microbial carriage state of peripheral blood dendritic cells (DCs) in chronic
periodontitis influences DC differentiation, atherogenic potential. J. Immunol. 2012, 189, 3178—
3187.

Pournaras, C.J.; Rungger-Brandle, E.; Riva, C.E.; Hardarson, S.H.; Stefansson, E. Regulation of
retinal blood flow in health and disease. Prog. Retin. Eye Res. 2008, 27, 284-330.

Devine, L.; Lightman, S.L.; Greenwood, J. Role of LFA-1, ICAM-1, VLA-4 and VCAM-1 in
lymphocyte migration across retinal pigment epithelial monolayers in vitro. Immunology 1996, 88,
456-462.

Inana, G.; Murat, C.; An, W.; Yao, X.; Harris, |.R.; Cao, J. RPE phagocytic function declines in
age-related macular degeneration and is rescued by human umbilical tissue derived cells. J.

https://encyclopedia.pub/entry/24314 18/19



Eye Diseases Associated with Oral Pathogens | Encyclopedia.pub

Transl. Med. 2018, 16, 63.

102. Cutler, C.W.; Jotwani, R.; Palucka, K.A.; Davoust, J.; Bell, D.; Banchereau, J. Evidence and a
novel hypothesis for the role of dendritic cells and Porphyromonas gingivalis in adult periodontitis.
J Periodontal Res. 1999, 34, 406—412.

103. Jotwani, R.; Cutler, C.W. Fimbriated Porphyromonas gingivalis is more efficient than fimbria-
deficient P. gingivalis in entering human dendritic cells in vitro and induces an inflammatory Thl
effector response. Infect. Immun. 2004, 72, 1725-1732.

104. Arjunan, P. Eye on the Enigmatic Link: Dysbiotic Oral Pathogens in Ocular Diseases; The Flip
Side. Int. Rev. Immunol. 2021, 40, 409-432.

Retrieved from https://encyclopedia.pub/entry/history/show/58656

https://encyclopedia.pub/entry/24314 19/19



