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Abstract

The pathology of age-related macular degeneration (AMD) is characterized by degeneration of
photoreceptors and retinal pigment epithelial cells as well as by changes of choroidal capillaries in
the macula. Although AMD is not a typical uveitis, there is a consistence and an imbalance of
ocular para-inflammation. Ocular inflammation, particularly in the macula, plays a critical role in
AMD pathogenesis. The inflammatory and immune-related elements involved in AMD include
inflammatory and related cells as well as the secreted molecules and factors from these cells.
Innate immune system elements such as macrophages and cytokines play an important role in
AMD pathology and pathogenesis. This chapter reviews the observed deviation in macrophage
plasticity and the elevated expression of interleukin-17 in AMD eyes while discussing potential
contributions to AMD pathogenesis. Targeting of these specific inflammatory pathways and
molecules at appropriate times should be explored and may become promising novel adjunct
agents to AMD therapy.
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25.1 Introduction

In 1875, Hutchison and Tay described 10 cases of “symmetrical central chorioretinal disease
occurring in senile persons” characterized by whitish spots (drusen) in the macula [1]. This
was the first description of what was then called “senile macular degeneration” and what has
since been renamed “age-related macular degeneration” (AMD) in the 1980s. The aging eye
exists in a para-inflammatory state to keep normal physiological functions of photoreceptors
and retinal pigment epithelium (RPE) cells and thus maintain retinal homeostasis [2]. Loss
of retinal homeostasis is permissive for development of AMD in the macula resulting from
photoreceptor and RPE pathology as well as subtle or mild chronic inflammation.

The etiology of AMD involves multiple factors such as aging, genetic predisposition,
environmental elements including smoke and diet, oxidative stress, and inflammation [3].
Unlike uveitis, inflammation in the AMD eye is subtle or mild, never severe or
overwhelming. This chapter describes recent pathological findings of macrophage and
interleukin (IL)-17 involvements in AMD.
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25.2 Macrophage

Macrophages, a predominant cell type associated with chronic inflammation, are the most
prominent inflammatory cells observed in AMD tissue, outhnumbering subretinal microglia
(resident myeloid cells/macrophages) as well as lymphocytes in AMD eyes [3-5]. The
findings have been well documented in and/or near the lesions of drusen, neovascular, and
geographic atrophy AMD [6-8]. Macrophages secrete a wide range of cytokines,
chemokines, complement factors, and growth factors, including vascular endothelial growth
factor in response to pathogens and damaged tissues; most of them are implicated in AMD.
Using immunohistochemistry, choroidal macrophages expressing inducible nitric oxide
(iNO) were only found in the Bruch’s membrane of early AMD eyes with soft drusen or
thick basal laminar deposits, in active disciform scars, and in eyes with subclinical choroidal
neovascularization. Choroidal macrophages in the normal macula do not express iNO [9].

Each macrophage can secrete more than 100 different molecules for biologic activities
including inflammation, immunity, phagocytosis, cell growth, and cell death [10]. The
secretion of these products depends on the inciting stimulus, macrophage subtype, and
location. Diversity and plasticity have long been recognized for cells of monocyte-
macrophage lineage. In response to signals derived from microbes, damaged tissues, or
activated lymphocytes, macrophages polarize into distinct functional phenotypes. Two main
macrophage phenotypes are classified based on functional properties, surface markers, and
cytokine profiles: the classically activated M1 macrophage and the alternatively activated
M2 macrophage [11, 12]. In general, M1 macrophages are pro-inflammatory, microbicidal,
and anti-tumoral; M2 macrophages are anti-inflammatory, tissue remodeling, pro-tumoral,
immunoregulatory, and proliferative. Recently, some suggested that the M2 macrophages
should be further divided into at least two groups: pro-angiogenic and anti-angiogenic [13].
However, there are still uncertainties regarding distinct expression patterns of surface
markers that clearly define macrophage subtypes, particularly in the case of human
macrophages. Furthermore, macrophages often retain their plasticity, so the phenotypes of a
macrophage population can change over time [14]. M1 and M2 macrophages may undergo
phenotype switching towards M2 prominence during the normal aging process [15, 16].

Distinct chemokine patterns are also associated with M1 and M2 macrophage activation and
production. CXCL9, CXCL10, and CXCL11 represent M1 chemokines, and CCL17 and
CCL22 represent M2 chemokines [17]. Using molecular pathology including
microdissection (Fig. 25.1) and immunochemistry, a pathological imbalance of macrophage
polarization was reported in AMD lesions; a relatively higher M1 infiltration in geographic
atrophy AMD and an aberrantly higher M2 in neovascular AMD were reported [15]. The
findings suggest that macrophage polarization and plasticity could contribute to AMD
development and progression.

25.3 IL-17A

The IL-17 cytokine family includes six members named A-F. IL-17A is the main cytokine
in the IL-17 family produced mostly by Th17 cells [18, 19]. However, other inflammatory
cells such as neutrophils and even macrophages under specific conditions may produce
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IL-17A [20, 21]. IL-17A homodimers bind IL-17 receptor (R)C/IL-17RA heterodimers. The
most notable role of IL-17 is its involvement in inducing and mediating pro-inflammatory
responses. It controls extracellular pathogens and induces matrix destruction and
neovascularization. Th17-type cytokines have been linked to neurodegenerative diseases
such as multiple sclerosis and Alzheimer’s disease [22, 23].

In a recent report, serum levels of IL-17 were significantly higher in 23 AMD patients
compared to 30 age-matched non-AMD individuals; serum levels of IL-22, a Th17 family
cytokine, were also significantly higher in 25 AMD patients as compared to 29 control
individuals [24]. This study also showed that the C5a ana-phylatoxin can promote Th17
cytokine expression from human CD4" T cells. More recently, hypomethylation of the
IL-17RC promoter was associated with AMD [25]. The epigenetic alteration leads to
elevation of IL-17RC transcript and protein in peripheral blood as well as in macular cells of
AMD patients. Since the IL-17RC subunit plays a key role in modulating the IL-17 response
[26], the association of IL-17RC with AMD suggests that IL-17 could be an important
player in AMD pathogenesis.

Our preliminary experiments have shown that IL-17A reduces cellular viability, alters cell
metabolism, and induces apoptosis in ARPE-19 cells [27]. This in vitro study supports the
harmful role of IL-17 on RPE cells, a critical cell in AMD. In addition, we detected
significantly high expression of not only IL-17 but also IL-15and IL-23 mMRNA in AMD
lesions (Fig. 25.2) [28]; these two cytokines promote Th17 cell differentiation and are
secreted mainly by macrophages [18, 19]. Our data offer convincing support for an increase
of IL-17 in AMD eyes and the role of IL-17 in neurodegenerative disease. Two recent
independent studies have linked the inflammasome to AMD pathogenesis [29, 30].
Inflammasome is expressed in macrophages and activates the release of IL-1p and 1L-18,
which can subsequently drive an IL-17 response [31].

25.4 Conclusion

Immunopathology and molecular pathology of AMD lesions clearly prove that there is an
important role for inflammation and innate immune cells such as macrophages in AMD.
IL-17A and IL-17RC in AMD eyes and patients demonstrate IL-17 involvement in AMD
pathogenesis. Targeting IL-17, IL-17RC, and cells producing I1L-17 to deter retinal
degeneration might be a potential treatment strategy for AMD. However, we should
consider genetic background and clinical manifestation of each patient, duration of the
therapy, and adverse effects of individual therapeutic agents.

Abbreviations

AMD Age-related macular degeneration
RPE Retinal pigment epithelium
IL-17 Interleukin-17

iNO Inducible nitric oxide
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IL-17R Interleukin-17 Receptor
RT-PCR Real time polymerase chain reaction
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Fig. 25.1.
Macular lesion in an AMD eye before and after microdissection. The outer neuroretinal

cells, hypertrophic RPE, and irregular Bruch’s membrane were microdissected and
subjected for quantitative real-time polymerase chain reaction (RT-PCR). (left, before
microdissection, right, after microdissection; hematoxylin and eosin, x100)
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Fig. 25.2.
Transcript expression of IL-14, IL-23, and IL-17 in macular cells of four normal and nine

age-related macular degeneration (AMD, five geographic atrophy “dry” and four
neovascular “wet” AMD) eyes. Significant elevations of these three cytokines are detected
in maculae with AMD lesions compared to the normal controls
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