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    Angiogenesis, the process of new blood vessel formation, is both physiological and pathological in nature. A better understanding of the role of angiogenesis in disease process has already helped in the development of several classes of anti-angiogenic agents against various diseases. Inhibition of pathological angiogenesis can help in slowing down the progression of numerous diseases, such as retinopathies, benign and malignant angiogenic tumors, progression of malignant tumors, cardiovascular and CNS disorders. Extensive research in this field is yielding an exponentially growing number of research publications, focusing on various aspects, such as characterization of new pro- and anti-angiogenic factors, their role in various diseases, and identification of natural and synthetic molecules with antiangiogenic properties. This book series entitled, “Anti-Angiogenesis Drug Discovery and Development” is an attempt to highlight the major developments in this dynamic interdisciplinary field of research.




    Volume 4 of the book series is a compilation of seven scholarly written reviews, focusing on the molecular basis of angiogenesis in various diseases and on the development of anti-angiogenic drugs for therapeutic purposes. Rachel Knott’s article is focused on retinal angiogenesis in diabetes, and other macular degeneration conditions, covering molecular initiators of angiogenesis and development of specific pharmacological inhibitors. The review by Ivan Cameron is largely based on his own studies on decline of hypoxia-driven angiogenesis in cancer through short electromagnetic field exposure, in combination with infra-red. Rathinavelu et al. have comprehensively reviewed the success and failures, as well as lessons learned in anti-angiogenic drug discovery and development in the last six decades. The chapter by Latrakis focused on various classes of angiogenesis regulators, both positive and negative, and their merits as well as demerits, in his review. Retinal diseases and their treatment through anti-angiogenic/anti-VEGF therapies including clinical outcomes, comprise the theme of the article by Soriano et al. The role of angiogenesis in multiple sclerosis (MS) has been a topic of extensive research in recent years. Kulkarni et al. have contributed a chapter reviewing the relationship between MS and angiogenesis, inflammation, and identification of certain targets for the development of drugs against MS. The last review in this volume is centered on the role of angiogenesis in portal hypertension (PH), and strategic directions to treat PH and associated complications through the anti-angiogenic agents.




    At the end, we would like to express our gratitude to all the contributors of the above cited review articles for their excellent contributions in this promising, and exciting field of biomedical and pharmaceutical research. The efforts of the efficient team of Bentham Science Publishers for the timely production of the 4th volume. We are particularly grateful to Ms. Mariam Mehdi (Assistant Manager Publications), and the excellent management of Mr. Mahmood Alam (Director Publications).
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      Abstract




      Retinal angiogenesis is evident in a number of different pathological and degenerative conditions including proliferative diabetic retinopathy, retinopathy of prematurity and age-related macular degeneration. There have been numerous attempts to control retinal angiogenesis but the fragility of the tissue and the presence of the blood retinal barrier limiting the transport of pharmacological agents has proved problematic in the therapeutic regulation of this process. This chapter presents the structure of the retina in relation to the structure of the eye. In addition, the molecular initiators of angiogenesis are discussed and in particular how the hyperglycaemic environment leads to oxidative stress in proliferative diabetic retinopathy. The lack of perfusion due to damage from the diabetic milieu, the impaired retinal development in the case of retinopathy of prematurity and the aging of the retinal pigment epithelial cells are characteristics that are associated with angiogenesis. The consequent reduction in oxygen level that follows impaired perfusion creates an hypoxic environment that stabilises hypoxia inducible factor type 1 alpha and precipitates the activation of hypoxia inducible factor type 1. The activation of this transcription factor leads to the increased expression of a number of genes including vascular endothelial growth factor and this is central to the angiogenic process. The development of specific pharmacological inhibitors of aldose reductase, protein kinase Cβ, advanced glycated-end products, hypoxia inducible factor type 1 alpha and vascular endothelial growth factor are reviewed. Inhibition using small interfering RNAs to inhibit specific pathways and the use of cell replacement is discussed in terms of their therapeutic potential.
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      INTRODUCTION




      In recent years there have been significant advances made regarding our understanding of the molecular mechanisms that drive new vessel formation. Particular interest in areas of angiogenic stimuli related to specific and significant clinical conditions have directed attention to the signals and potential solutions for




      the treatment of angiogenesis associated with disease. This chapter will focus upon retinal angiogenesis and an overview of the advances that have been made and the challenges that persist will be presented. Some relevant background information about the structure and function of the retina will be presented. In addition the role of angiogenesis in the context of diabetic retinopathy, macula degeneration and retinopathy of prematurity with respect to their known mechanisms of onset will be reviewed. The clinical impact of disease and treatment modalities will be discussed and the challenges and potential for future therapeutic interventions will be presented.




      

        The Retina




        The retina is a complex membranous structure that lines the optic cup (Fig. 1). Light entering the eye is focussed on the retina where signals are received by the abundant rods and cones that lie at the base of the retina. The retina itself radiates out from the optic nerve and develops from the neural ectoderm during embryological development. This is important when we consider retinal angiogenesis because the retina is essentially an integral part of the central nervous system and thus the neurovascular networks are important in the consideration of the angiogenic process.




        An additional feature of the eye that will be referred to later on in this chapter is the macula region. The fovea is located within the macular which is an avascular zone of the retina that contains a very high density of cones and is therefore essential for fine vision.




        The retina lies between the vitreous and the pigmented epithelium, the latter being proximal to the choroidal circulation. The retina reduces in thickness towards the limbus region that lies towards the anterior of the eye as the sclera tapers towards the iris (Fig. 1). The inner retina is a highly vascular tissue with a very high metabolic demand. The adequacy of the blood supply for retinal function, in both normal and pathological states depends on the magnitude of blood flow and how it is altered by autoregulation. The retina has two sources of blood supply: the central retinal artery and the choroidal blood vessels. Approximately 65 – 85% of the retina’s needs arise from the faster choroidal blood flow and more extensive choroidal capillary network and this also allows for the diffusion of nutrients to the avascular outer retina [1].




        Ultimately all tissue has an absolute requirement for nutrients and oxygen and these are supplied by the blood. Neurovascular mechanisms within the retina enable cells to be able to respond to inadequate supplies by the optimisation of blood flow due to the uncoupling of neuro- and vascular components [2]. Cell-cell communication and an intact blood retinal barrier are essential for the efficient and effective interaction between cells in the retina and any loss of this coupling may result in retinal damage and the appearance of ischemic microangiopathies [2].
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Fig. (1))


        Cross-section through the eye a) image shows position and relative location of retina b) detailed structure of retina illustrating cellular components.

      




      

        Retinal Disease




        Angiogenesis is driven by compensatory mechanisms that exist to respond to inadequate blood flow, and consequently the lack of retinal perfusion in regions of the retina where damage or dysfunction has taken place. The tissue response to these conditions may therefore contribute to the pathology of the disease process. Retinal disease and in particular retinal angiogenesis characterises a number of different conditions. Proliferative diabetic retinopathy (PDR) and retinopathy of prematurity (ROP) are both associated with retinal angiogenesis, and wet age-related macular degeneration (AMD) where choroidal angiogenesis is evident. In the case of ROP, a contributing factor is the requirement for a high concentration of oxygen during the birth of a premature infant with an associated decrease in vascular endothelial growth factor (VEGF) [3]. In the examples provided, the conditions that precede angiogenesis are distinct, but it is the consequence of the lack of perfusion and the loss of neurovascular integrity that drives angiogenesis.




        

          Diabetic Retinopathy




          Diabetic retinopathy (DR) is associated with progressive damage to the retinal vasculature, associated loss of neurovascular coupling and visual impairment/loss. DR represents a significant proportion of all retinal disease and the incidence has increased in accordance with the rise in both Type 1 and Type 2 diabetes mellitus with a third of the global estimate of 250,000,00 people with diabetes mellitus having DR [4]. Clinical trials dating back to the 1990s demonstrated incontrovertibly that there is a link between the control of glucose and the incidence and progression of diabetic retinopathy [5, 6]. Follow up analysis 20 years post trial demonstrates that even after convergence of glucose control measurements between the control and the intensive glucose controlled group; the latter is still reaping benefits with a significantly lower incidence of further progression of diabetic retinopathy [7].




          Damage to the human retina in the early stages is recognised by pericyte loss and retinal neuronal degeneration [8]. Pericytes are specialised contractile cells that contribute to the regulation of blood flow within the retina [9]. Loss of this cell type results in reduced vascular contractile properties, associated loss of vessel wall integrity, and associated micro aneurysms [10]. Endothelial cells are damaged by increased levels of reactive oxidative stress resulting from high and/or fluctuating concentrations of glucose [11], and the enhanced activation and release of soluble factors from the endothelium and from activated leucocytes also contributes to enhanced adhesion of leucocytes [12]. Any disruption to blood flow in the form of a physical obstruction or loss of vessel integrity has the effect of reducing vessel diameter and therefore blood flow is also compromised ultimately leading to capillary dropout [13]. Pre-proliferative retinopathy is evident when there has been increasing and cumulative damage to the retina that results in the loss of perfusion to specific areas of the retina as evident in a fluorescein angiogram where the lack of fluorescent detection highlights non-perfused areas (Fig. 2). Retinal angiogenesis is evident as vessels grow into the ischaemic areas of the retina (Fig. 2) and can be seen as a consequence of the breakdown of the neurovascular network by the conditions created in the diabetic milieu [14].
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Fig. (2))


          Fluorescein angiogram: showing a) normal patterns of retinal vessels and b) dark areas where fluorescein dye is not evident resulting in ischemic areas (I), and the appearance of new vessels (A) is evident. The blurred vessels are indicative of vessel leakage and the tiny white dots are micro-aneurysms.



          Several intracellular pathways that are activated as a result of hyperglycaemia have been shown to damage the endothelium resulting in the dysfunction of this important tissue and will be examined in more detail in the context of therapeutic options.


        




        

          Retinopathy of Prematurity




          Retinopathy of prematurity (ROP) is also characterised by retinal angiogenesis and is similarly driven by a lack of retinal perfusion. The incidence of ROP is increasing with the improvement of neonatal care and the increased survival rates of premature birth [3]. In this condition the retina of the premature infant does not complete the growth of blood vessels to the periphery of the retina prior to birth [15]. Vessel development extends from the optic nerve reaching the periphery of the retina by 38 – 40 weeks of gestation. If full gestation has not taken place the avascular regions of the retina become ischemic (Fig. 3) and this initiates the formation of new blood vessels to compensate for the lack of perfusion to this area. As with PDR, it is the lack of perfusion that initiates the development of new vessels although the factors leading to non-perfusion are distinct. The trigger for the initiation of angiogenesis is the lack of oxygen supply to the tissue and this is mediated by specific intracellular processes that also must be considered in any attempt to affect a cure.
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Fig. (3))


          Retinopathy of prematurity showing lack of perfusion to peripheral retina and new vessels starting to grow into the peripheral ischemic regions.

        




        

          Age Related Macular Degeneration




          Age related macular degeneration (AMD) affects the macular region of the eye and can result in major visual impairment resulting in this being a significant cause of sight loss in the population with over 50% of patients over 85 years of age with signs of AMD [16]. Retinal pigment epithelial (RPE) cells underlying the retina are very susceptible to ageing as they do not replicate throughout the lifetime [17]. Cumulative damage from ageing of the cells, and from other factors including smoking status, gender, cholesterol levels, body mass index, further exacerbates impaired RPE function [18]. In addition, underlying genetic factors are also known to play a role. The improvement in health care and associated longevity has resulted in an increased incidence of AMD as the age of the RPE is so central to the onset and progression of these conditions.




          AMD may develop further into either ‘wet’, or ‘dry’ MD otherwise known as ‘non-neovascular AMD’, or ‘neovascular AMD’. Non-neovascular AMD is characterised by the presence of a yellow deposition called drusen that lies between Bruchs membrane and the RPE layer (Fig. 4). Drusen may appear as a natural part of the aging process but it is also observed in a large and confluent form in association with AMD [19]. Drusen are composed of lipids and its deposition is increased with an associated loss of RPE function, photoreceptor death, increasing atrophy of the retina and associated visual loss. Neovascular or “wet” macular degeneration is characterised by new vessels developing in the choroid. In this condition angiogenesis does not originate in the retina but rather in the underlying choroid although the association of retinal inflammation and genetic factors are also known to contribute to choroidal neovascularisation The impact to the retina is still significant given the close dependency that these tissues have on each other and similar therapeutic approaches have been shown to be of benefit to the treatment of both retinal and choroidal angiogenesis [20].




          
[image: ]


Fig. (4))


          Age related macular degeneration (wet) showing drusen deposition in the macular region and hyper-fluorescence indicating vessel leakage from damaged retinal vessels or from new vessels within the choroid.

        


      




      

        Mechanism of Angiogenesis




        In order to understand the therapeutic interventions that have been developed it is necessary to understand how and why angiogenesis is initiated and sustained.




        Angiogenesis is initiated at a cellular level in response to hypoxia which is essentially an insufficient supply of oxygen to the tissue [21]. Central to this process is the activation of hypoxia inducible factor type 1(HIF1), a transcription factor responsible for the increased expression of a number of different proteins that have a role in the angiogenic process, coagulation, DNA damage/repair signalling, metabolism, apoptosis, cell proliferation, and a range of transporters, channels and receptors [22, 23]. HIF1 directly or indirectly activates or represses the expression of a number of different genes including those that relate directly to the cell cycle, angiogenesis and glucose metabolism and new roles for HIF1 continue to emerge [23]. HIF1 has been referred to as a central regulator of angiogenesis and it clearly has a very important role to play.




        HIF1 is a heterodimer composed of the two sub-units HIF1α and HIF1β [22]. HIF1β is constitutively expressed while HIF1α is destabilised and does not remain for long within the cell if oxygen levels are satisfactory. In situations of oxygen insufficiency, HIF1α is stabilised and allows for dimerization with HIF1β to form the HIF1 transcription factor. Activation and mobilisation of HIF1 then follows asit moves into the nucleus where it is possible for it to bind to the promotor regions of a range of genes (Fig. 5).
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Fig. (5))


        Stabilisation of HIF1α due to oxygen insufficiency. Oxygen dependent proteosomal degradation of HIF1α protein occurs. When oxygen supply is limited it is stabilised and moves to the nucleus where it complexes with the ubiquitously expressed HIF1β and CBP/p300 where it binds to the hypoxia response element as an activation complex and facilitates the transcription of a number of different genes. HRE: hypoxia response element; p300: EP300 or E1A binding protein p300; CBP: CREB-binding protein.



        The lack of perfusion within the retina and the consequent hypoxia initiates the angiogenic process via HIF1 activation and new vessels grow into the non-perfused area. The expression of vascular endothelial growth factor (VEGF) is increased following HIF1 activation and this is central to the ability of endothelial cells to migrate and proliferate as required at the initiation of angiogenesis [24]. The new vessels lack the robustness of the original vessels as they are generally thin, fragile and have unregulated growth with a lack of directionality.


      




      

        Towards a Cure




        The only way to effectively cure retinal angiogenesis is to prevent the activation of the molecular initiators of the angiogenic process. This can be achieved by the prevention of the onset of the events that lead to altered neurovascular communication and the consequent loss of perfusion. The prevention of these circumstances can be achieved by the management of the disease itself rather than any pharmacological intervention. For example, in the case of diabetic retinopathy a combination of good management of glucose control, regular screening and health promotion may prevent the onset of complications that lead to retinal angiogenesis [5], while for retinopathy of prematurity, post-partum screening and management is of importance for identifying those at risk [25]. General health advice and restriction of environmental factors e.g. smoking, may ameliorate the onset of AMD to some extent [26]. The reality is that there these are complex events and there are large numbers of individuals for whom retinal angiogenesis is a reality and the consequences can cause significant reduced quality of life. Thus, the pursuit of specific treatments for retinal angiogenesis remains a clinical priority.




        

          Laser and Cryotherapy




          Treatment of retinal angiogenesis for PDR, diabetic macula edema and ROP may take the form of argon laser photocoagulation therapy now increasingly replaced by micro-pulse lasers (MPL). MPL has the advantage over the argon laser as it limits the damage to the surrounding tissue [26, 27]. The pulsated delivery of the laser reduces the heat generation associated with the treatment and thus tissue damaged is minimised. Cryotherapy has also been used for the treatment of ROP with the similar aim of preventing retinal angiogenesis by destroying new vessels [28]. For the treatment of ROP, MPL or cryotherapy may be sufficient to save the central vision as the trigger for ROP angiogenesis is in the periphery. However, for PDR the stimulus may remain if hypoxia remains. There is a limit to the area of the retina that can be destroyed by laser and supplementation of treatment with pharmacological interventions also have an important role to play.


        




        

          Pharmacology




          The development of treatment for diabetic retinopathy has taken the course of seeking to identify the mechanism(s) that precipitate retinal damage from the diabetic milieu. Brownlee presented a ‘unifying hypothesis’ that brought together different work from previous decades [29] in which the production of mitochondrial reactive oxygen species (mtROS) was the common factor in hyperglycaemia mediated activation of the polyol pathway, increased production of protein kinase Cβ (PKCβ), increased flux through the hexosamine pathway and the production of advanced glycated end products (Fig. 6).




          The aim of a pharmacological approach is to inhibit any one, or several of the pathways activated by the hyperglycaemic conditions (Fig. 6). However it is clear that hyperglycaemia is not the only contributor to retinal angiogenesis and inhibition of these identified pathways has received varying degrees of success.
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Fig. (6))


          Intracellular pathways activated by hyperglycaemia.



          Inhibition of the polyol pathway can be achieved with the use of aldose reductase (AR) inhibitors [30]. AR is an NADPH-dependent enzyme and is a member of the aldo-keto superfamily [30]. Increased concentrations of glucose leads to increased flux through the sorbitol pathway and this ultimately leads to a build-up in cellular fructose. In addition it is also responsible for the increased levels of aldehydes within the cell via the generation of ROS. The rationale for the use of an AR inhibitor is clear as this essentially prevents the elevation of aldehydes and sorbitol within the cell and the consequent alteration of redox potential. It also reduces intracellular fructose thus limiting activation of the hexosamine pathway [31]. A number of inhibitors have been produced that have variously produced beneficial effects [32, 33] but overall there has been limited success in the full clinical implementation of the use of these inhibitors.




          A common link with all identified biochemical changes is the elevation of VEGF which is a central driver in angiogenesis. AR inhibitors are believed to work by a reduction in VEGF induced angiogenesis [34]. However, VEGF(165) induces a phenotypic switch from increased vessel density associated with low VEGF concentration, to increased vessel diameter and increased eNOS activity at high VEGF concentration and the inconsistency of the results may be due to the dichotomy of concentration-dependent response with VEGF [35].




          The lack of success of these compounds may also be due to the oxidation of the AR inhibitors and attention has now turned to development of inhibitors that are able to also act as anti-oxidants and be maintained in their reduced form until able to act at an intracellular level [36] with one particular compound phenolic 3,5-dihydroxylcompound also showing capacity as an inhibitor of lipid peroxidation [37]. There has been renewed enthusiasm to explore more fully these compounds for the treatment of the vascular complications of diabetes and other similar conditions.




          Protein kinase C is a class of intracellular enzymes that are responsible for a wide range of metabolic activity within the cell [38]. Isoforms of this group are classified on the basis of the mode of activation. One isoform, PKCβ has been of particular interest in the context of vascular activation as it is activated by increased de novo synthesis of diacyl glycerol (DAG). DAG levels are increased due to un-metabolised triose that builds up in hyperglycaemic conditions [39]. The rationale for the development of inhibitors is that PKCβ is known to activate VEGF and therefore the aim is to limit activation of VEGF and remove this as an angiogenic stimulus.




          However, as with the AR inhibitor studies there have been various degrees of success. In clinical trials inhibition of PKCβ has been reported with a net reduction in VEGF although translation to effectiveness in clinical studies has been less clear cut [40]. Minimal relief of symptoms is evident with the use of robuxistaurin but it is insufficient for the complete and sustained release of VEGF from the endothelium although hyperglycaemia induced pericyte derived VEGF is reduced [41]. These authors report an overall minimal benefit in terms of visual loss with a recommendation for the use of Ruboxistaurin prophylactically to prevent initiation of the process.




          More specific inhibition of VEGF has also been used clinically in the context of diabetic macular edema (DME) and in combination with photo-coagulation therapy with PDR when DME is associated [42].There have been some safety concerns with the use of anti-VEGF therapy and the issue of inhibiting VEGF elsewhere in body but in general the positive benefits are well received [43]. These anti-VEGF inhibitors can also be used to inhibit choroidal angiogenesis in neovascular or wet AMD [44]. Aflibercept offers more hope as a VEGF antagonist as it inhibits both VEGF A and –B and also plasma placental derived growth factor (PlDGF) and has a longer half-life than either Ranibizumab or Bevacizumab. Aflibercept has been used for the successful management of AMD and PDR [45]. Therefore while inhibition of the individual components appears to have yielded minimal success, VEGF activation, a downstream consequence of the activation of these pathways is significantly more promising.




          Pharmacological treatment of retinal angiogenesis associated with ROP requires different considerations. It is possible to consider growth factor inhibitors e.g. VEGF inhibitors and platelet derived growth factors [46]. While the inhibitors of VEGF can potentially inhibit the proliferative stage of the disease, PDGF inhibitors can act earlier on in the angiogenic process following basement membrane thickening and prior to cell migration and also at later stages following new basement membrane deposition for new vessels and subsequent enrichment of pericytes and stabilisation of the angiogenic vessel [47].




          If we go to the step preceding the activation of VEGF i.e. that of HIF1α and the activation of the HIF1 transcription factor we have this as a target for preventing both retinal and choroidal neovascularisation. Animal studies have demonstrated that HIF1 has been shown to be important in both retinal and choroidal neovascularisation [48]. Sustained delivery of a HIF-1 antagonist beta-lapachone for ocular neovascularization has been shown to be effective as a therapeutic target for retinal angiogenesis in ROP [49].




          Pharmacological inhibition of AGE can be achieved using a number of compounds including aminoguanidine, pyridoximine, benfotiamine and angiotensin converting enzyme inhibitors [Reviewed 50]. Although not generally considered as directly anti-angiogenic per se, if they serve to maintain a robust vasculature then there is the potential to reduce the level of vascular dysfunction that leads to PDR. The anti-oxidant activity of compounds like Benfotiamine have been shown to reduce the activity of the polyol pathway [51], and this has been shown to block activation of AGE, PKCβ and the hexosamine pathway with corresponding beneficial effects seen in the retina of a diabetic animal model [52].




          Interestingly, a down regulation of nuclear factor Kappa B (NFkB) has also been shown to occur when Benfotiamine is used and demonstrates the importance of the immune response to the vascular response in DR [52]. Other notable work linking the immune response with DR and PDR has demonstrated a key neurovascular immune element that contributes to the vascular changes that ultimately lead to the neurovascular uncoupling and the exacerbation of DR [53]. Chemokine response in the early stages of retinopathy has been shown to be important in the breakdown of the blood retinal barrier and the subsequent loss of ‘normal’ cell-cell contact [54].




          VEGF induced reduction of tight junction proteins has been found to be reduced by another member of the PKC family, PKCzeta (ζ). Using isolated human retinal microvascular endothelial cells small interfering RNAs (si)PKCζ reduced the level of the specific tight junction proteins zonula occludin (ZO) – 1 and ZO-2 [55]. This same study used an animal model of diabetes to demonstrate in vivo efficacy of siPKCζ following intravitreal injection with a reported reduction of vascular leakage following fluorescein angiogram. While PKCζ inhibitors do not target the proliferating vessel it would potentially maintain vascular integrity and consequently delay/prevent onset of angiogenesis by maintaining retinal perfusion. An alternate approach which serves to rescue the ability of the cells to respond to VEGF is with the use of tyrosine kinase inhibitors that serve to block the VEGF receptor [56]. Evidence is also emerging for the role of specific miRNAs in retinal angiogenesis with an interdependence of VEGF and angiotensin 2 (ANG-2) with miR-351 [57]. A potential role of miR-351 in reducing the availability of these proteins and thus the hypoxia induced stimulus can be explored as a therapeutic option for both PDR and ROP.


        




        

          Cell Replacement Therapy




          Retinal pigmented epithelial cells (RPE) have been generated from embryonic and human stem cells [58] and given the lack of ability of these cells to regenerate in vivo it represents a potential source of treatment for diseases associated with retinal degeneration like AMD. The cells would need to be replaced prior to any irreversible damage occurring to the photoreceptors. Trials have shown promising effects [59] and as our understanding of the nuances of stem cell therapy and the complexities of retinal angiogenesis increases it has the potential to be a significance resource for positive therapeutic gain in the future.


        


      


    




    

      CONCLUDING REMARKS




      Attempts that have been made to target retinal angiogenesis have inevitably responded to only one part of what is a very complex pathway. Earlier studies that appeared to be promising e.g. aldose reductase inhibitors did not fulfil earlier promise. However, our greater understanding of the molecular events surrounding the neurovascular network, the angiogenic response and the role of the immune response has helped towards the development of more effective treatments. It has also facilitated the modification of previously used therapies with improved efficacy. This is both a challenging and exciting area which has the potential to have a significant impact for many who suffer from retinal angiogenesis and the sight loss and reduced quality of life that follows.
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      Abstract




      As cancerous tumors grow their continued increase in cancer cell number becomes dependent on an increased blood supply from the surrounding host non-tumor tissue. Tumor cancer cells furthest from the host blood supply become hypoxic and without an increased blood supply these cancer cells become necrotic and die. The cancer cells that become hypoxic are triggered to synthesize hypoxia inducible factor (HIF) and vascular endothelial growth factor (VEGF) that is released from the hypoxic cell to stimulate a major increase in sprouting of endothelial cells. Thus neoangiogenesis in the tumor is apparently hypoxia driven in tumors.
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