L=

. L . -
View metadata, citation and similar papers at core.ac.uk brought to you by ,i CORE

provided by IntechOpen

We are IntechUpen,

the world’s leading publisher of

Open Access books
Built by scientists, for scientists

4,800 122,000 135M

Open access books available International authors and editors Downloads

Our authors are among the

154 TOP 1% 12.2%

Countries delivered to most cited scientists Contributors from top 500 universities

pTE AN
Q)Q ¢, ;,))

G

“ BOOK
CITATION
INDEX

NDEXE®

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y


https://core.ac.uk/display/322431557?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Chapter 7

The Role of Renin-Angiotensin System in Ocular

Inflammation and Uveitis

Ozlem Sahin and Alireza Ziaei

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.69509

Abstract

The renin-angiotensin system (RAS) plays an important role in the pathogenesis of
inflammation and autoimmune dysfunction. Uveitis is a sight-threatening intraocular
inflammatory disorder caused by infectious agents, autoimmune mechanisms, expo-
sure to toxins and many other unknown factors. Most components of RAS have been
identified in every organ including the eye. The tissue-specific RAS is believed to exert
diverse physiological effects locally independent of circulating angiotensin II (AT II)
which functions as the effector arm of RAS causing potent proinflammatory responses
via Angiotensin type 1 receptor (AT1R). AT II mediated stimulation of tissue factor (TF),
the principal initiator of the clotting cascade and a major regulator of haemostasis and
thrombosis rapidly inducible by inflammatory agents in several cell lines including
monocytes. Activation of NF«B, a key redox-sensitive transcription factor encoding for
the TF gene, plays a key role in that mechanism amplified by locally synthesized angio-
tensin L. (AT I) The second arm of RAS establishes systemic and local protective axis
against inflammation and autoimmune dysfunction via angiotensin-converting enzyme
2 (ACE2) which is a zinc-metallopeptidase able to cleave AT II to form angiotensin-(1-7)
[AT-(1-7)]. AT-(1-7), a biologically active peptide, binds to a G-protein coupled receptor
Mas, and activates signaling pathways that counteract the effects of AT II by negatively
effecting inflammatory responses and negatively modulating leukocyte migration, cyto-
kine expression and release, and fibrogenic pathways. The purpose of this chapter is to
analyze both pro-inflammatory and protective role of RAS in ocular inflammation and
uveitis both in humans and experimental models.
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1. Introduction

The renin-angiotensin system (RAS) is a hormone system playing an important role in the
pathogenesis of inflammation and autoimmune dysfunction [1]. RAS pathway elements
are produced intrinsically in many diverse tissues, including the retina for controlling local
inflammatory responses and maintaining local homeostasis [1]. While RAS is important for
controlling normal inflammatory responses, hyperactivation of this pathway is disclosed to
potentiate oxidative stress and inflammatory responses by the activation of nicotinamide
adenine dinucleotide phosphate (NAD(P)H) oxidases [2]. The tissue-specific RAS is believed
to exert diverse physiological effects locally independent of circulating angiotensin II (AT II),
which functions as the effector arm of RAS causing potent pro-inflammatory responses via
angiotensin type 1 receptor (AT1R) [1]. AT Il is considered to stimulate tissue factor (TF), which
induces synthesis of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-«xB)
in several cell lines including monocytes [3]. The second arm of RAS is considered to estab-
lish systemic and local protective axis against inflammation and autoimmune dysfunction
via angiotensin-converting enzyme 2 (ACE2), which cleaves AT II to angiotensin-(1-7) [2].
AT (1-7) is reported to counteract the effects of AT II by negatively affecting inflammatory
responses, negatively modulating leukocyte migration, cytokine expression and release, and
fibrogenic pathways [2].

Uveitis is considered as an intraocular inflammatory disorder caused by infectious agents
or autoimmune mechanisms [4]. The purpose of this chapter is to analyze both pro-inflam-
matory and protective role of RAS in ocular inflammation and uveitis both in humans and
experimental models.

2. RAS as an inflammatory cascade

Renin is considered to cleave angiotensinogen to AT1 that is further processed by ACE/ACE2
to different AT cleavage products including AT II, which is regarded as a principle effector
molecule of the RAS [3]. The major functions of AT II are reported to be mediated by ATIR,
which is considered to activate directly the key signaling pathways for cell growth and hyper-
trophy [4]. AT1IR has been also shown to activate NF-kB and activator protein 1 (AP-1) to
initiate the transcription of multiple proinflammatory genes [4]. AT II is disclosed to activate
epidermal growth factor receptors (EGFR) to induce fibronectin synthesis and transforming
growth factor beta (TGF-) activity to promote fibrosis and extracellular matrix formation [3].
The effects of circulating and tissue RAS are considered to be controlled with RAS inhibitors,
which prevent not only hypertension but also protect tissues against injury by limiting the
potency of deleterious inflammatory responses [3].

Recently, several studies have revealed that modulators of the RAS-including ACE inhibitors
or AT1R antagonists display beneficial effects in the treatment of cardiovascular diseases, ath-
erosclerotic, neurodegenerative, autoimmune, and inflammatory diseases [5-8].
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3. Angiotensin II and autoimmunity

The modulatory effect of AT II on T-cell responses in autoimmune diseases has been disclosed
by a recent study [9]. The effect of AT II in the development of Th1/Th17-mediated multiple
sclerosis (MS) has been disclosed in experimental autoimmune encephalomyelitis (EAE)[10].
Elevated levels of AT II, IFN-y, and IL-17 cytokines have been shown in the peripheral CD4'T
cells from EAE mice [10]. AT1R is also considered to involve in experimental autoimmune
uveitis (EAU) and experimental autoimmune myocarditis (EAM) through its effect on T-cell
function [11]. A recent study has highlighted the role of ATIR in glomerular inflammation
associated with autoimmune disease in mice leading to the inflammation resembling human
systemic lupus erythematosus [12]. AT1R has also been disclosed in the pathogenesis of
myelin oligodendrocyte glycoprotein-induced experimental autoimmune encephalomyelitis
(MOG-EAE) [13]. The expression of renin, ACE, and AT1R has been shown to be upregulated
in macrophages, DCs, and T cells during the course of the MOG-EAE [13].

4. Angiotensin II promotes inflammation and tissue injury

Inflammatory process is considered to involve activation of the endothelium of blood vessels
and expression of diverse endothelial cell selectins that have been shown to lead the extrava-
sation of specific leukocyte populations to the site of injury [14].

The expression and secretion of vascular endothelial growth factor (VEGF) by RAS and AT
IT have been disclosed to increase local vascular permeability [14]. AT II has also been dis-
closed to promote endothelial dysfunction through COX-2 activation, which generates vaso-
active prostaglandins and reactive oxygen species (ROS) [15]. AT II is considered to favor the
recruitment of infiltrating inflammatory cells into tissues by stimulating the production of
specific cytokine/chemokines. AT II has been shown to induce the production of the potent
monocyte chemoattractant MCP-1 in cultured monocytes [15]. Elevated levels of AT II asso-
ciated with increased expression of MCP-1 and C-C chemokine receptor, CCR2, have been
disclosed in the aorta of spontaneously hypertensive rats [16]. Modulation of MCP-1/CCR2
via AT1R blockade has been revealed to reduce vessel inflammation in hypertensive rats [16].
AT II-induced macrophage infiltration in the arterial wall was shown to be virtually absent in
CCR2-deficient mice [16]. In models of progressive nephropathies, interstitial accumulation
of macrophages was shown to be accompanied by increased renal expression of MCP-1, and
renoprotection was provided by the ACE inhibitor lisinopril, which was considered to reduce
MCP-1 expression and control inflammation [17]. Dendritic cells (DCs) and highly specialized
antigen-presenting cells (APCs) were considered to mediate the pro-inflammatory activity of
AT II [18]. Cultured DCs have been shown to express both AT II receptors and AT II, which
were considered to enhance DCs migration, maturation, and antigen presenting ability [18].
Recent study in rats with subtotal renal ablation has disclosed blockade of AT II synthesis and
its biological activity that resulted in reduction of local DC accumulation and attenuation of
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tubulointerstitial damage [19]. In another study considering cultured mesangial and vascular
smooth muscle cells, AT II via AT1R signaling was shown to stimulate TLR-4 expression that
was considered to promote cellular oxidative injury, apoptosis, and inflammation [20]. T cells
were considered to show the pro-inflammatory effects of AT II via ATIR and endogenous
RAS, which has been disclosed to modulate T-cell proliferation, cytoskeletal rearrangements,
migration, and release of specific cytokines and chemokines [20].

5. Angiotensin II: role in immunosenesence

AT II is considered to stimulate the production of molecular oxygen species that trigger mito-
chondrial dysfunction and cellular injury [21]. AT II via AT1R stimulation has been shown to
activate NAD(P)H oxidase to produce ROS, resulting in oxidative stress damage [21]. It has been
proposed that ROSs are the most prominent molecular species involved in the aging process
[22]. ROSs have been revealed to contribute significantly to various age-associated organ failures,
including hypertension, cardiovascular diseases, and renal damage [22]. Hence, AT I is consid-
ered to be involved in organ senescence related to its ability to mediate the release of oxidant spe-
cies [23]. Recent studies have disclosed that AT II-induced ROS production leads to functional
and structural changes of blood vessels that result in vascular senescence and age-related vas-
cular diseases [23]. Previous studies related to the long-term effects of AT II inhibition by either
ACEi or ARBs disclosed protective effects on the cardiovascular system of rats and revealed the
prolongation of the life span of rats [24, 25]. Another study disclosed that old mice lacking ATIR
did not develop age-related cerebral circulation damage caused by the accumulation of oxygen
radicals [26]. The inhibition of RAS has been disclosed to reverse age-related advanced myo-
cardiac hypertrophy and fibrosis in old hypertensive rats, and the protective effect presumably
was considered to involve the suppression of AT II-mediated oxidative stress, as disclosed by
reduced expression of NAD(P)H oxidative components in the hearts of aged rats [26].

6. Further mechanisms of angiotensin II-induced inflammation:
human T and natural killer cells

Co-stimulatory effects of angiotensinogen, AT I, and AT II on the proliferation of T and NK
cells have been revealed [27]. T and NK cells were considered to have RAS elements, and they
have been synthesizing AT II at the sites of inflammation creating a potential inflammatory
amplification system [27, 28]. Th1 immune response has been disclosed to be crucial in the
pathogenesis of inflammatory vascular diseases [28].

However, the interaction of AT II with Th1/Th2 cytokines during the development of inflamma-
tion is considered debatable. Recent studies have demonstrated the presence of RAS elements in
human T and NK cells that they were capable to synthesize their own AT II [29]. Renin-induced
inflammation has been related to the binding of AT II to the renin receptor in T cells, NK cells,
and DC [29]. AT 2R which was previously considered to antagonize the actions of the AT1R and
having beneficial effects in hypertension, cell growth, vascular remodeling, proliferation, and
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inflammation, currently, it has been thought to orchestrate the collective recruitment of leuko-
cyte subsets to the sites of inflammation through mediating the effect of AT II [29, 30].

7. Clinical implications

New medical applications of RAS antagonists as anti-inflammatory and immunomodulatory
agents without significant side-effects are being considered in the treatment of autoimmune
diseases [31, 32].

7.1. Captopril suppresses inflammation in endotoxin-induced uveitis in rats

It has been suggested that ACEi captopril has a strong anti-ocular inflammatory effect in
endotoxin-induced uveitis (EIU) [33]. Captopril has been shown to suppress the NF-kB activa-
tion in the iris and ciliary body cells by inhibiting the production of AT II [34]. The inhibitory
effect of captopril on leucocyte infiltration, protein leakage, and other inflammatory markers
in the aqueous humor including TNF-a, PGE-2, MCP-1, NO have also been revealed [35].

TNF-a is an inflammatory cytokine, which plays an important role in the recruitment of
inflammatory cells, synthesis of other inflammatory cytokines, eicosanoids, and NO [35]. Anti
TNF-a therapy has been used for the treatment of Behcet's disease [36]. The transcription of
TNF-a was shown to be under the control of NF-«B [35, 36]. It has previously been disclosed
that ACE inhibitors suppress TNF-a synthesis in vivo and in vitro and captopril was shown
to successfully down regulate TNF-a in the aqueous humor by interfering the positive loop
between TNF-a and NF-«xB [36]. PGE2 and NO in the aqueous humor were considered to
have profound effects on local inflammatory processes mainly by increasing vascular permea-
bility and breaking down the blood-aqueous barrier in uveitis [37]. Their concentrations in the
aqueous humor were disclosed to be down-regulated by captopril treatment [37]. Inhibition of
both TNF-a and PGE2/NO pathways by captopril has been shown to improve EIU in rabbits
[38]. Another inflammatory marker MCP-1, which is under NF-«kB control, is considered as
an important mediator of monocyte infiltration. MCP-1 has been shown to be over expressed
in human eyes during acute anterior uveitis as well as in the rat EIU model [38]. The results
of the recent studies have disclosed that captopril successfully down-regulated MCP-1 levels
in anterior chamber, and it showed its anti-inflammatory properties by affecting monocyte
recruitment in EIU in rats [34, 37, 38].

The beneficial effect of AT II blockers on tissue inflammation was also considered to be related
to the blockage of Ang II-mediated activation of Toll-like receptors (TLRs) [39]. Drugs that limit
AT II synthesis and its biological activity, ACEi lisinopril, or ARB Candesartan were disclosed
to result in the suppression of Th1 and Th17 cytokine release and the induction of powerful
antigen-specific regulatory T cells (Treg) through the modulation of the NF-kB pathway [40].
Administration of ARB was disclosed to suppress EAU and reduce the severity of myocardial
lesions in EAM by inhibiting antigen-specific T-cell activation and contributing to the shift
of Th1-Th2 immune response [41]. Chronic treatment with ACEi or ARB has been shown to
reduce kidney damage associated with age, and the beneficial effect of RAS inhibition was
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considered to be related to the preservation of renal mitochondria [40]. Enalapril and losartan
treatments have been shown to prevent the age-associated decline in the renal mitochondrial
capacity for energy production and to attenuate the age-associated increase in mitochondrial
oxidant production [40]. RAS inhibition was disclosed to exert a similar protective effect in
the liver from aged rats through the maintenance of an adequate mitochondrial function by
enhancing expression of genes responsible for mitochondrial respiration and biogenesis [41].
Aging is considered to be the result of chronic inflammation, and the use of RAS inhibitors or
genetic deletion of AT1R was considered to extend the life span [41].

7.2. Oral delivery of ACE2/Ang-(1-7) bioencapsulated in plant cells protects against
experimental uveitis and autoimmune uveoretinitis

Improving the systemic and local activity of the protective axis of the RAS by oral delivery
of ACE2 and Ang-(1-7) bioencapsulated in plant cells has been considered as a therapeutic
option for the ocular inflammation. Increased levels of ACE2 and Ang-(1-7) were observed in
the retinal circulation after oral administration of ACE2 and Ang-(1-7) expressing plant cells
[42]. Oral feeding of mice with bioencapsulated ACE2/Ang-(1-7) was shown significantly to
reduce the incidence of EIU [42]. Treatment with bioencapsulated ACE2/Ang-(1-7) in mice
disclosed dramatical decrease of cellular infiltration and retinal vasculitis in EAU [42]. It has
been concluded that enhancing the protective axis of RAS by oral delivery of ACE2/Ang-(1-7)
bioencapsulated in plant cells provide an innovative, highly efficient, and cost-effective thera-
peutic strategy for ocular inflammatory diseases [42].

8. Conclusions

Hyperactivity of the RAS resulting elevated AT II might contribute to all stages of inflam-
matory responses including ocular inflammation. ACE2 is more likely to establish a protective
axis of RAS involving ACE2/Ang-(1-7)/Mas, which counteract the proinflammatory and
hypertrophic effects of the ACE/AnglI/AT1R axis. AT Il might have also co-stimulatory effects
on T cells, NK cells, and DC, which have specific elements of the RAS. RAS antagonists might
be used in conjunction with other anti-inflammatory agents as therapy for common diseases
in which inflammation plays a major pathogenic role.

Author details

Ozlem Sahin' and Alireza Ziaei?
*Address all correspondence to: ozlem1158@yahoo.com

1 Department of Microbiology and Immunology, New York Medical College, Valhalla, New
York, USA

2 Harvard Medical School, Brigham and Women's Hospital, Boston, USA



The Role of Renin-Angiotensin System in Ocular Inflammation and Uveitis
http://dx.doi.org/10.5772/intechopen.69509

References

[1]

(2]

3]

[4]

[5]

[6]

[7]

[10]

[11]

[12]

[13]

Karnik SS, Unal H, Kemp JR, Tirupula KC, Eguchi S, et al. International Union of Basic
and Clinical Pharmacology. XCIX. Angiotensin receptors: Interpreters of pathophysi-
ological angiotensinergic stimuli. Pharmacological Reviews. 2015;67:754-819

Marchesi C, Paradis P, Ernesto LS. Role of the renin-angiotensin system in vascular
inflammation. Trends in Pharmacological Sciences. 2008;29:367-374

Alique M, Sanchez-Lopez E, Rayego-Mateos S, et al. Angiotensin II, via angiotensin
receptor type 1/nuclear factor-kB activation, causes a synergistic effect on interleukin-
1-B-induced inflammatory responses in cultured mesangial cells. ] Renin Angiotensin
Aldosterone Syst. 2015;16:23-32.

Shil PK, Kwon KC, Zhu P, Verma A, Daniell H, Li Q. Oral delivery of ACE2/Ang-(1-7)
bioencapsulated in plant cells protects against experimental uveitis and autoimmune
uveoretinitis. Mol Ther. 2014;22:2069-2082.

Capettini L, Monteccuco F, Mach F, Da Silva RF. Role of renin-angiotensin system in
inflammation, immunity and aging. Current Pharmaceutical Design. 2012;18:963-970

Monteccuco F, Pende A, Mach F. The renin-angiotensin system modulated inflammator
processes in atheroscerosis: Evidence from basic research and clinical studies. Mediators
Inflamm. 2009; 2009: 752406.

Weir MR. Effects of renin-angiotensin system inhibition end-organ protection: Can we
do better? Clinical Therapeutics. 2007;29:1803-1824.

Prisant LM. Management of hypertension in patients with cardiac disease: Use of renin-
angiotensin blocking agents. The American Journal of Medicine. 2008;121:58-515.

Crowley SD, Rudemiller NP. Immunologic Effects of the Renin-Angiotensin System. ]
Am Soc Nephrol. 2017;28:1350-1361.

Friedrich EB, Teo KK, Bohm M. ACE inhibition in secondary prevention: Are the results
controversial? Clinical Research in Cardiology. 2006;95:61-67.

Yusuf S, Teo KK, Anderson C, et al. Effects of the angiotensin-receptor blocker telmisar-
tan on cardiovascular events in high-risk patients intolerant to angiotensin-converting
enzyme inhibitors: A randomised controlled trial. The Lancet. 2008;372:1174-1183.

Pacurari M, Kafoury R, Tchounwou PB, et al. The renin-angiotensin-aldosterone syste
in vascular inflammation ad remodelling. International Journal of Inflammation.
2014;2014:Article ID 689360:13

Stegbauera ], Leeb DH, Seubertb S, et al. Role of the renin-angiotensin system in autoim-
mune inflammation of the central nervous system. Proceedings of the National Academy
of Sciences. 2009;106:14942-14947

115



116  Renin-Angiotensin System - Past, Present and Future

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Souza PP Fukada SY, Cunha FQ, et al. Regulation of angiotensin II receptors levels dur-
ing rat induced pulpitis. Regul Pept. 2007;140:27-31.

Luger D, et al. Either a Th17 or a Th1 effector response can drive autoimmunity: Conditions
of disease induction affect dominant effector category. Journal of Experimental Medicine.
2008;205, 799-810.

Sprovieri SR, Sens YA. Polymorphisms of the renin-angiotensin system genes in Brazilian
patients with lupus nephropathy. Lupus. 2005;14:356-362.

Valero-Esquitina V, Lucht K, Namsolleck P, et al. Direct angiotensin type 2 receptor
stimulation attenuates T-cell and microglia activation and prevents demyelinization in
experimental autoimmune enephalomyelitis in mice. Clincal Science. 2015;128:95-109.

Dandona P, Dhindsa S, Ghanim H, et al. Angiotensin II and inflammation: The effect of
angiotensin-converting enzyme inhibition and angiotensin II receptor blockade. Journal
of Human Hypertension. 2007;21:20-27.

Pueyo ME, Gonzalez W, Nicoletti A, et al. Angiotensin II stimulates endothelial vascular
cell adhesion molecule-1 via nuclear factor-kappaB activation induced by intracellular
oxidative stress. Arteriosclerosis, Thrombosis, and Vascular Biology. 2000;20:645-651

Igase M, Strawn WB, Gallagher PE, et al. Angiotensin II AT, receptors regulate ACE2
and angiotensin-(1-7) expression in the aorta of spontaneously hypertensive rats. Heart
and Circulatory Physiology. 2005;289:H1013-H1019.

Remuzzi A, Fassi A, Bertani T, et al. ACE inhibition induces regression of proteinuria
and halts progression of renal damage in a genetic model of progressive nephropathy.
American Journal of Kidney Diseases. 1999;34:626-632.

Nahmod KA, Vermeulen ME, Radien S, et al. Control of dendritic cell differentiation by
angiotensin II. FASEB J. 2003;17:491-493. DOI: 10.1096:£j02-0755fje.

Muller DN, Shagdarsuren E, Park JK, et al. Immunosuppressive treatment protects
against angiotensin Il-induced renal damage. The American Journal of Pathology.
2002;161:1679-1693.

Griendling KK, Minieri CA, Ollerenshaw ]JD, et al. Angiotensin II stimulates NADH and
NADPH oxidase activity in cultured vascular smooth muscle cells. Circulation Research.
1994;74:1141-1148.

Kimura S, Zhang GX, Nishiyama A, et al. Role of NAD(P)H oxidase- and mitochondria-
derived reactive oxygen species in cardioprotection of ischemic reperfusion injury by
angiotensin II. Hypertension. 2005;45:860-866.

Back P, Braeckman BP, Matthijssens F. ROS in aging Caenorhabditis elegans: Damage or
signaling? Oxid Med Cell Longev. 2012;2012:608478.

Wang JC, Bennett M. Aging and atherosclerosis mechanisms, functional consequences,
and potential therapeutics for cellular senescence. Circulation Research. 2012;111:245-259.



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

The Role of Renin-Angiotensin System in Ocular Inflammation and Uveitis
http://dx.doi.org/10.5772/intechopen.69509

Tan LB, Williams SG, Goldspink DF. From CONSENSUS to CHARM - How do ACEI
and ARB produce clinical benefits in chronic heart failure? International Journal of
Cardiology. 2004;94:137-141

Bai JW, Boulet G, Halpern EM, et al. Cardiovascular disease guideline adherence and
self-reported statin use in longstanding type 1 diabetes: Results from the Canadian
study of longevity in diabetes cohort. Cardioascular Diabetology. 2016;15:14.

Benigni A, Cona D, Zoja C, et al. Disruption of the Ang II type 1 receptor promotes lon-
gevity in mice. Journal of Clinical Investigation. 2009;119:524-530.

Geara AS, Azzi ], Jurewicz M, et al. The renin-angiotensin system: An old, newly
discovered player in immunoregulation. Transplantation Reviews (Orlando, FL).
2009;23:151-158.

Kossmann S, Schwenk M, Hausding M, et al. Angiotensin II-induced vascular dys-
function depends on interferon-y-driven immune cell recruitment and mutual activa-
tion of monocytes and NK-cells. Arteriosclerosis, Thrombosis, and Vascular Biology.
2013;33:1313-1319.

Ilieva I, Ohgami K, Jin XH, et al. Captopril suppresses inflammation in endotoxin-
induced uveitis in rats. Experimental Eye Research. 2006;83:651-657.

Di Paolo S, Schena A, Stallone G, et al. Captopril enhances transforming growth factor
(TGF)-betal expression in peripheral blood mononuclear cells: A mechanism indepen-
dent from angiotensin converting enzyme inhibition? A study in cyclosporine-treated
kidney-transplanted patients. Transplantation. 2002;74:1710-1715.

Folkersen L, Brynedal B, Diaz-Gallo LM, et al. Integration of known DNA, RNA and pro-
tein biomarkers provides prediction of anti-TNF response in rheumatoid arthritis: Results
from the COMBINE study. Mol Med. 2016;15:22. DOI: 10.2119/molmed.2016.00078

Desbois AC, Addimanda O, Bertrand A, et al. Efficacy of anti-TNF-« in severe and refrac-
tory neuro-behcet disease: An observational study. Medicine (Baltimore). 2016;95:e3550.

Shi S, Liang D, Chen Y, et al. Gx-50 reduces [3-amyloid-induced TNF-«a, IL-13, NO, and
PGE2 expression and inhibits NF-kB signaling in a mouse model of Alzheimer's disease.
European Journal of Immunology. 2016;46:665-676.

Lennikov A, Kitaichi N, Noda K, et al. Amelioration of endotoxin-induced uveitis treated
with an I-kB kinase (3 inhibitor in rats. Molecular Vision. 2012;18:2586-2597.

Biancardi VC, Stranahan AM, Krause EG, et al. Cross talk between AT1 receptors and
Toll-like receptor 4 in microglia contributes to angiotensin II-derived ROS production in
the hypothalamic paraventricular nucleus. American Journal of Physiology: Heart and
Circulatory Physiology. 2016;310:404-415.

Amuchastegui SC, Azzollini N, Mister M, et al. Chronic allograft nephropathy in the rat
is improved by angiotensin II receptor blockade but not by calcium channel antagonism.
Journal of the American Society of Nephrology. 1998;9:1948-1955.

17



118 Renin-Angiotensin System - Past, Present and Future

[41] El Desoky ES. Drug therapy of heart failure: An immunologic view. American Journal of
Therapeutics. 2011;18:416-425.

[42] Shil PK, Kwon KC, Zhu P, et al. Oral delivery of ACE2/Ang-(1-7) bioencapsulated
in plant cells protects against experimental uveitis and autoimmune uveoretinitis.
Molecular Therapy. 2014;22:2069-2082.



