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Retinal diseases, such as diabetic retinopathy (DR), age-related macular degeneration (AMD), and retinopathy of prematurity (ROP), are some of the leading causes of blindness all over the world. Several studies have recently described metabolic changes that occur during the progression of retinal diseases. In this Collection of Life, we present a collection of articles dedicated to various aspects of clinic and experimental research in retinal disorders. Specifically, we highlight investigations of metabolic contributions to retinal disease development and prevention, evaluations of current drug intervention and diagnosis, and the identification of new biomarkers.



1. Metabolism-Related Risk Factors and Regulators


The retina is highly energetically demanding, with a very high density of mitochondria in the body [1]. However, our current knowledge of retinal metabolism is still limited. Aerobic glycolysis is essential to maintain photoreceptor health, and disturbance in glucose uptake causes retinal degeneration [2,3]. Photoreceptors also utilize lipids as energy sources, and a shortage of lipid supply leads to photoreceptor dysfunction and subretinal neovascularization [4,5]. Hyperglycemia and dyslipidemia are associated with the development and progression of retinal disorders across all age groups. Emerging evidence has shown that disturbed metabolism and unbalanced retinal redox contribute to retinal disease pathogenesis.



With the advancement of current omics technologies, our understanding of metabolic alterations in retinal disorders has increased. Tomita et al. summarized the current experimental and clinical investigations of metabolic alterations in ROP, a common complication in premature infants and the leading cause of vision loss in children [6]. Lipidomics, proteomics, and metabolomics have suggested that dysfunction in the lipid and amino acid metabolism contributes to ROP [7,8,9]. Low essential lipids such as docosahexaenoic acid (DHA) and arachidonic acid (AA), low postnatal sphingosine-a-phosphate (S1P), high blood malonylcarnitine (C3DC), as well as elevated plasma amino acids such as glycine and proline correlate with ROP [6]. Accompanying metabolic changes, decreased antioxidants, and increased oxidative stress predict severe ROP. Further validation has been partially conducted using two ROP mouse models: oxygen-induced retinopathy, which mimics late-stage proliferative ROP, and hyperglycemia-associated retinopathy, which mimics early ROP [10,11]. Nutritional supplementation, hormonal modulation, and other interventions to restore retinal metabolic and redox balance are very appealing options for the prevention and treatment of ROP. Tsang et al. reviewed and discussed the beneficial effects of some nutraceuticals on ROP [12]. These nutraceuticals, including oils such as DHA, flavonoids such as green tea and Bilberries, and many others, may exert anti-angiogenic, anti-oxidative, anti-inflammatory, and anti-apoptotic effects on ROP prevention and treatment. However, further mechanistic investigations are needed to better elucidate the action of these nutraceuticals in preventing retinal neovascularization.



Oxygen-related factors have been considered key for ROP pathogenesis. The supplementation of oxygen is crucial to prevent mortality in extremely premature infants. However, hyperoxia can suppress physiological retinal vessel growth, setting the stage for late vision-threatening proliferative ROP [13]. Therefore, promoting retinal vessel growth at the early stage may prevent severe ROP. Singh et al. found that hyperoxia downregulated Myc, a critical cell cycle regulator, and upregulated P53 proteins, thereby increasing p21 protein levels in retinal endothelial cells in vitro [14]. P21, in turn, decreased pRb levels and caused cell cycle arrest in the G1 phase. Further validation in animal models of ROP would be interesting to examine if the modulation of Myc could prevent hyperoxia-induced retinal vessel loss in vivo.



In addition to ROP, the contribution of dyslipidemia to AMD has also been well documented. Hu et al. summarized and discussed our current knowledge of apolipoprotein E (ApoE) in AMD progression [15]. ApoE functions as a plasma lipid transport protein and is involved in lipid clearance. APOE is produced and secreted locally from RPE and Müller glia and is a major contributing factor in drusen formation in AMD pathogenesis [16]. APOE2 is associated with increased risk for AMD, while APOE4 seems to correlate with decreased risk for AMD. APOE isoforms have shown differential behavior in their interaction with retinal microglia. This review also discusses the interaction between APOE and the complement system, amyloid-beta.



Moreover, Riddell et al. also found that there was a metabolic shift in myopia (short-sightedness) and hyperopia (long-sightedness) induced chicks at an early stage, accompanied by decreased retinal neuronal responses [17]. In the chick myopia model, increased expression of genes involved in oxidative phosphorylation and decreased expression of genes involved in the signal transduction pathways were identified with microarray analysis. Meanwhile, increased expression of genes involved in sphingolipid metabolism and decreased expression of genes involved in branch-chain amino acid degradation were found in the chick hyperopia model. Further exploration with advanced omics technologies would provide more insight into the mechanistic changes at the early hours of myopia and hyperopia induction.



Targeting unbalanced retinal redox and oxidative stress could be a therapeutic approach to treat retinal metabolic disorders. Pietras-Baczewska et al. investigated whether there was an altered status of antioxidant in the vitreous of patients with rhegmatogenous retinal detachment (RRD) with or without proliferative vitreoretinopathy (PVR), in comparison to patients with macular hole (MH) or epiretinal membrane (ERM, controls) [18]. The results showed no significant differences in total antioxidant status (TAS) and antioxidant enzymes, including superoxide dismutase and glutathione reductase. The duration of the disease influenced TAS in the vitreous of RRD with PVR. However, as the authors pointed out, a limitation of the study was that the control group patients might also experience an altered pattern of antioxidant status, as MH or ERM are retinal degenerative diseases with a long duration.



Peroxisome proliferator-activated receptors (PPARs) are strong metabolic modulators. Lee et al. summarized the therapeutic potential of PPARα in various CNS diseases such as Alzheimer’s disorder and neuropsychiatric disorders [19]. PPARα activation also modulates neuroinflammation, a significant contributor to amyotrophic lateral sclerosis and multiple sclerosis. Experimental studies have also demonstrated positive effects of PPARα activation by fenofibrate on ischemic stroke. In addition to the brain, fenofibrate is beneficial in preventing the progression of diabetic retinopathy, a common eye complication in diabetic patients. More recently, pemafibrate, which has higher potency and selectivity for PPARα than fenofibrate and exerts fewer side effects on kidney injuries, has been designed [20,21,22]. With the knowledge gained from PPARα therapeutics in CNS disorders, we can better understand the protective roles of PPARα in retinal disorders. In addition to PPARs, the liver-derived endocrine insulin-like growth factor (IGF)-1 is also a significant regulator of retinal metabolism and angiogenesis. IGF-1 stimulation of VEGFA secretion in human RPE cells has been reported [23]. Puddu et al. found that caveolin-1 was a mediator of IGF-1-induced VEGFA secretion in ARPE-19 cells [24]. Immortalized human microvascular endothelial cells (HMEC-1) under the treatment of conditional media from ARPE19 with caveolin-1 knockdown showed reduced endothelial cell migration rate, further elucidating the mechanisms behind IGF-1 regulation of VEGFA.




2. Evaluation for Retinal Disease Treatment


VEGFA induction is a critical contributing factor to pathological retinal angiogenesis [25]. Anti-VEGF therapy is one of the major treatments for diabetic macular edema (DME), AMD, retinal vein occlusion (RVO), and ROP [26,27]. Usui-Ouchi et al. retrospectively analyzed prognostic factors affecting a short-term response to anti-VEGF therapy in DME [28]. They presented higher glycosylated hemoglobin levels, a larger foveal avascular zone (FAZ), and a higher number of microaneurysms in the pericapillary network (PCN), which are poor anatomical prognostic factors in anti-VEGF therapy. Their data also revealed a significant correlation between the number of microaneurysms (MAs) in the PCN and FAZ size. Cystoid macular edema (CME) was the most common type of DME in poor responders, and CME retinas had a higher number of MAs in the PCN and a larger FAZ size. In addition, Tanwani et al. reported that treatment outcome based upon best-corrected visual acuity (BVCA) and central macular thickness (CMT) was the same despite different numbers of injections and intervals of injections to DME patients [29]. They summarized that despite significant differences in the number of anti-VEGF injections administered and the overall length of treatment of DME patients, all retina specialists had similar outcomes concerning the changes in BCVA and CMT. Although these data came from one practice site and a small number of patients, the study suggests that treatment protocol could be refined to reduce the number of injections in DME. On the other hand, Wicinski et al. evaluated possible modifications in blood coagulation parameters and pro-inflammatory cytokines in AMD patients treated with intravitreal injections of aflibercept (IVA), one of the anti-VEGF drugs [30]. Their results suggested that the repeated administration of IVA may influence the common blood coagulation pathway such as thrombin time (TT). They also showed that the serum concentration of IL-18, a pro-inflammatory cytokine, was significantly increased during the initial loading phase of IVA. Thus, although anti-VEGF agents are a widespread treatment worldwide, there is still room for debate regarding prognostic factors, injection method, frequency, and side effects.



Anti-VEGF therapy has also been widely used for ME in branch retinal vein occlusion (BRVO) [31]. Sakanishi et al. investigated the relationship between treatment outcomes of IVA for ME due to BRVO and subfoveal choroidal thickness (SCT) [32]. There was no significant difference in central foveal thickness improvement, visual acuity, and the number of IVA injections between the SCT non-thickened and SCT thickened groups. ME recurrence was higher in the SCT thickened group significantly. They concluded that although SCT before treatment did not affect the efficacy of IVA, the risk of ME recurrence was lower in cases in which SCT became thin during treatment. Thus, the SCT change could be a therapeutic indicator of IVA for BRVO. Although the choroidal thickness varies markedly among individuals daily and decreases with age, further large-scale studies of choroidal thickness, including the examination time, could resolve this problem.



In addition to anti-VEGF therapy, laser treatment is another option for diseases such as DME. One of the possible therapeutic mechanisms of laser treatment to the retina is the activation of metabolic states of RPE cells and subsequent functional improvement [33]. However, there is no effective way to evaluate the impacts of laser therapy on the metabolism and function of the irradiated retina and its surroundings. Sonntag et al. presented an exciting report demonstrating changes in a fluorescent lifetime (FLT) after retinal laser treatment in vivo using fluorescence lifetime imaging ophthalmoscopy (FLIO) [33]. After identifying a region around the laser spot where the FLT was transiently shorter than surrounding areas, the authors speculated that it may indicate metabolic changes in the surrounding cells responding to laser invasion. Thus, they summarized that FLIO may be a useful tool for the evaluation of the metabolic and structural response of the retina to laser treatments.



Exploring and developing a generalized approach for rare retinal disorders resulting from various genetic causes is therapeutically convenient. Retinitis pigmentosa (RP) is a hereditary disease that causes progressive photoreceptor cell loss [34]. There have been very limited clinically available drugs for RP treatment up to this point. Matsuo et al. demonstrated in vitro and in vivo evidence of the neuroprotective effect of NK-5962, which is a crucial component of photoelectric retinal prosthesis (OUReP) to prevent retinal neuronal apoptosis [34]. Intravitreal injection of NK-5962 in the eyes of RCS rats reduces the number of apoptotic cells in the photoreceptor layer. The authors suggested NK-5962 as a candidate treatment for delaying the deterioration of retinal dystrophy such as RP.




3. Diagnosis and Biomarkers of Retinal Disease


Early detection of retinal diseases is essential both for preventing disease progression and developing potential therapeutic targets at an early stage. The ultra-widefield fundus imaging systems, optical coherence tomography (OCT), and OCT angiography (OCTA) are now essential for diagnosing various retinal diseases [35]. Wysocka-Mincewics et al. described the prevalence of pediatric diabetic retinopathy and stressed the importance of screening in patients with type 1 diabetes [36]. In this review, the authors discussed the usefulness of the findings obtained by OCT and OCTA, including foveal thickness, foveal avascular zone (FAZ), and vascular density for the early detection of retinopathy. In addition, continuous supplementation of insulin using an insulin pump is recommended for the treatment of pediatric patients because it has dramatically reduced the incidence of early symptoms of DR in the pediatric population. Although they mentioned limitations of OCTA, such as confinement of imaging to only the central retina, not its periphery, and time requirements for good fixation, which could be problematic for young children; improvements to the device could reasonably resolve these problems. Ozawa et al. newly invented the eyelid clamper, which is able to keep an eye open without the need for topical anesthesia [37]. They quantified pixels of the imaged retina and found the system could capture fundus images of sufficient size as in the case of conventional tape fixation. These devices could aid fundus imaging in children.



The fundus photos from the health examination program are important sources for investigating the prevalence of retinal diseases and the association between retinal status and systemic condition [38]. Shimizu et al. investigated the prevalence of ERM using fundus photographs from 5042 eyes of 2552 subjects in Japan’s health examination program database [39]. ERM was detected in 275 eyes (5.5%) from 217 subjects (8.5%). By univariate analyses, ERM was significantly more common in the eyes with higher Scheie’s H grade, S grade, and glaucoma. Moreover, ERM was significantly common in subjects with more frequent histories of hypertension and hyperlipidemia, older age, shorter body height, higher systolic blood pressure, more frequent use of medication for hyperlipidemia and hypertension, and thicker intimal medial thickness. By multivariate analyses, older age was the only significant factor of ERM prevalence. The major limitation of this study was a lack of data regarding myopia and cataract surgery history, which were reported to be risk factors of ERM. In addition, ERM was diagnosed only with fundus photos without OCT.



Concentric RP is a rare and atypical RP with retinal degeneration limited in the peripheral region [40]. Nakahara et al. identified 15 patients from 14 families with concentric RP out of 673 with RP and presented their clinical characteristics and genetic analysis [41]. Compared to typical RP, patients with concentric RP had better visual acuity and preserved ellipsoid zones. Two cases had myotonic dystrophy-associated retinopathy in the cohort, an important differential diagnosis of concentric RP. Genetic testing was performed on nine patients, and mutations in the EYS gene were found in one patient, and mutations in the RP9 gene were found in another patient. As many patients are assumed to be undetected or left undiagnosed due to mild symptoms, further studies are needed to determine the difference and prevalence of concentric RP from typical RP. Matsuo et al. reported cases of bilateral swelling of the optic disc in three consecutive patients with cryopyrin-associated periodic syndrome or Blau syndrome, rare autoinflammatory diseases [42]. They described bilateral swelling of the optic disc as a plausible common ocular feature in autoinflammatory diseases if it occurred as a complication in addition to conjunctivitis, anterior uveitis, and posterior uveitis.



In addition to evaluating disease characteristics using retinal images, the quantification of various proteins or molecules in the serum, aqueous humor, and vitreous is helpful to predict the severity of various retinal or vascular diseases and understand the disease pathogenesis [7]. Low et al. demonstrated that high levels of decorin, a small-leucine-rich proteoglycan, increase with the severity of DR [43]. They also showed that non-responders to DR treatment present high aqueous humor decorin concentrations, and decorin concentrations were positively correlated with visual acuity in DR patients. They concluded that decorin levels in the aqueous humor were found to be elevated in DR subjects, possibly due to a compensatory response to changes in retinal microvasculature during hyperglycemia. Increasing the sample size may help further classify DR groups. Takayanagi et al. examined the association between serum oxidative stress markers in eyes and retinal vessel diameters with primary open-angle glaucoma to investigate the interaction between the pathogenesis of glaucoma and vessel narrowing [44]. In the POAG group, the central retinal artery equivalent (CRAE), central retinal vein equivalent (CRVE), and serum biological antioxidant potential (BAP) were lower compared to controls, and the BAP showed a significant correlation both with CRAE and systolic blood pressure. These data suggested a clinical impact of systemic antioxidant treatment for glaucoma patients.



In summary, this research topic includes original research articles, brief reports, and reviews regarding novel therapeutic approaches, evaluations of drug interventions, and mechanistic investigations of neurovascular retinopathies. These articles also elucidate the crucial contribution of retinal metabolic alterations to disease pathogenesis. We believe that this collection will be interesting to a broad audience of scientists in retinal research.







Author Contributions


Writing—original draft preparation, Y.T., A.U.-O., W.A. and Z.F.; funding acquisition, Y.T., A.U.-O. and Z.F. All authors have read and agreed to the published version of the manuscript.




Funding


Z.F. was funded by NEI 1R01EY032492, Boston Children’s Hospital (OFD/BTREC/CTREC Faculty Career Development Grant 97906, Pilot Grant 92214, and Ophthalmology Foundation 85010), and Mass Lions Eye Foundation 87820; Y.T. was funded by the Manpei Suzuki Diabetes Foundation, the Alcon Research Institute, and the Bert M. Glaser, MD Award; A.U.O. was funded by the Manpei Suzuki Diabetes Foundation and JSPS KAKENHI Grant Number 17K16984 and 21K09727.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We would like to thank all the authors for their excellent contributions and the reviewers for their comments and feedback. Furthermore, we wish to express our appreciation for the excellent support by the Editorial Board and Editorial Office of the Life journal.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hoang, Q.V.; Linsenmeier, R.A.; Chung, C.K.; Curcio, C.A. Photoreceptor inner segments in monkey and human retina: Mitochondrial density, optics, and regional variation. Vis. Neurosci. 2002, 19, 395–407. [Google Scholar] [CrossRef] [PubMed]

	



Ait-Ali, N.; Fridlich, R.; Millet-Puel, G.; Clerin, E.; Delalande, F.; Jaillard, C.; Blond, F.; Perrocheau, L.; Reichman, S.; Byrne, L.C.; et al. Rod-derived cone viability factor promotes cone survival by stimulating aerobic glycolysis. Cell 2015, 161, 817–832. [Google Scholar] [CrossRef] [PubMed]

	



Punzo, C.; Kornacker, K.; Cepko, C.L. Stimulation of the insulin/mTOR pathway delays cone death in a mouse model of retinitis pigmentosa. Nat. Neurosci. 2009, 12, 44–52. [Google Scholar] [CrossRef] [PubMed]

	



Joyal, J.S.; Sun, Y.; Gantner, M.L.; Shao, Z.; Evans, L.P.; Saba, N.; Fredrick, T.; Burnim, S.; Kim, J.S.; Patel, G.; et al. Retinal lipid and glucose metabolism dictates angiogenesis through the lipid sensor Ffar1. Nat. Med. 2016, 22, 439–445. [Google Scholar] [CrossRef]

	



Fu, Z.; Kern, T.S.; Hellstrom, A.; Smith, L.E.H. Fatty acid oxidation and photoreceptor metabolic needs. J. Lipid Res. 2021, 62, 100035. [Google Scholar] [CrossRef]

	



Tomita, Y.; Usui-Ouchi, A.; Nilsson, A.K.; Yang, J.; Ko, M.; Hellstrom, A.; Fu, Z. Metabolism in retinopathy of prematurity. Life 2021, 11, 1119. [Google Scholar] [CrossRef]

	



Tomita, Y.; Cagnone, G.; Fu, Z.; Cakir, B.; Kotoda, Y.; Asakage, M.; Wakabayashi, Y.; Hellstrom, A.; Joyal, J.S.; Talukdar, S.; et al. Vitreous metabolomics profiling of proliferative diabetic retinopathy. Diabetologia 2021, 64, 70–82. [Google Scholar] [CrossRef]

	



Nilsson, A.K.; Andersson, M.X.; Sjobom, U.; Hellgren, G.; Lundgren, P.; Pivodic, A.; Smith, L.E.H.; Hellstrom, A. Sphingolipidomics of serum in extremely preterm infants: Association between low sphingosine-1-phosphate levels and severe retinopathy of prematurity. Biochim. Biophys. Acta Mol. Cell Biol. Lipids 2021, 1866, 158939. [Google Scholar] [CrossRef]

	



Xu, M.; Jiang, Y.; Su, L.; Chen, X.; Shao, X.; Ea, V.; Shang, Z.; Zhang, X.; Barnstable, C.J.; Li, X.; et al. Novel regulators of retina neovascularization: A proteomics approach. J. Proteome Res. 2022, 21, 101–117. [Google Scholar] [CrossRef]

	



Smith, L.E.; Wesolowski, E.; McLellan, A.; Kostyk, S.K.; D’Amato, R.; Sullivan, R.; D’Amore, P.A. Oxygen-induced retinopathy in the mouse. Investig. Ophthalmol. Vis. Sci. 1994, 35, 101–111. [Google Scholar]

	



Fu, Z.; Lofqvist, C.A.; Liegl, R.; Wang, Z.; Sun, Y.; Gong, Y.; Liu, C.H.; Meng, S.S.; Burnim, S.B.; Arellano, I.; et al. Photoreceptor glucose metabolism determines normal retinal vascular growth. EMBO Mol. Med. 2018, 10, 76–90. [Google Scholar] [CrossRef] [PubMed]

	



Tsang, J.K.W.; Wolf, S.A.; Pompoes, I.M.; Joussen, A.M.; Lam, W.C.; Yang, D.; Lo, A.C.Y. Potential effects of nutraceuticals in retinopathy of prematurity. Life 2021, 11, 79. [Google Scholar] [CrossRef] [PubMed]

	



Hartnett, M.E.; Lane, R.H. Effects of oxygen on the development and severity of retinopathy of prematurity. J. Am. Assoc. Pediatric Ophthalmol. Strabismus 2013, 17, 229–234. [Google Scholar] [CrossRef] [PubMed]

	



Singh, C.; Benos, A.; Grenell, A.; Rao, S.; Anand-Apte, B.; Sears, J.E. Hyperoxia inhibits proliferation of retinal endothelial cells in a myc-dependent manner. Life 2021, 11, 614. [Google Scholar] [CrossRef]

	



Hu, M.L.; Quinn, J.; Xue, K. Interactions between apolipoprotein E metabolism and retinal inflammation in age-related macular degeneration. Life 2021, 11, 635. [Google Scholar] [CrossRef]

	



Anderson, D.H.; Ozaki, S.; Nealon, M.; Neitz, J.; Mullins, R.F.; Hageman, G.S.; Johnson, L.V. Local cellular sources of apolipoprotein E in the human retina and retinal pigmented epithelium: Implications for the process of drusen formation. Am. J. Ophthalmol. 2001, 131, 767–781. [Google Scholar] [CrossRef]

	



Riddell, N.; Murphy, M.J.; Crewther, S.G. Electroretinography and gene expression measures implicate phototransduction and metabolic shifts in chick myopia and hyperopia models. Life 2021, 11, 501. [Google Scholar] [CrossRef]

	



Pietras-Baczewska, A.; Nowomiejska, K.; Brzozowska, A.; Toro, M.D.; Zaluska, W.; Sztanke, M.; Sztanke, K.; Rejdak, R. Antioxidant status in the vitreous of eyes with rhegmatogenous retinal detachment with and without proliferative vitreoretinopathy, macular hole and epiretinal membrane. Life 2021, 11, 453. [Google Scholar] [CrossRef]

	



Lee, D.; Tomita, Y.; Allen, W.; Tsubota, K.; Negishi, K.; Kurihara, T. PPARα modulation-based therapy in central nervous System diseases. Life 2021, 11, 1168. [Google Scholar] [CrossRef]

	



Tomita, Y.; Ozawa, N.; Miwa, Y.; Ishida, A.; Ohta, M.; Tsubota, K.; Kurihara, T. Pemafibrate prevents retinal pathological neovascularization by increasing FGF21 level in a murine oxygen-induced retinopathy model. Int. J. Mol. Sci. 2019, 20, 5878. [Google Scholar] [CrossRef]

	



Tomita, Y.; Lee, D.; Miwa, Y.; Jiang, X.; Ohta, M.; Tsubota, K.; Kurihara, T. Pemafibrate protects against retinal dysfunction in a murine model of diabetic retinopathy. Int. J. Mol. Sci. 2020, 21, 6243. [Google Scholar] [CrossRef] [PubMed]

	



Lee, D.; Tomita, Y.; Jeong, H.; Miwa, Y.; Tsubota, K.; Negishi, K.; Kurihara, T. Pemafibrate prevents retinal dysfunction in a mouse model of unilateral common carotid artery occlusion. Int. J. Mol. Sci. 2021, 22, 9408. [Google Scholar] [CrossRef] [PubMed]

	



Slomiany, M.G.; Rosenzweig, S.A. IGF-1-induced VEGF and IGFBP-3 secretion correlates with increased HIF-1 alpha expression and activity in retinal pigment epithelial cell line D407. Investig. Ophthalmol. Vis. Sci. 2004, 45, 2838–2847. [Google Scholar] [CrossRef] [PubMed]

	



Puddu, A.; Sanguineti, R.; Maggi, D. Caveolin-1 down-regulation reduces VEGF-A secretion induced by IGF-1 in ARPE-19 cells. Life 2021, 12, 44. [Google Scholar] [CrossRef]

	



Uemura, A.; Fruttiger, M.; D’Amore, P.A.; De Falco, S.; Joussen, A.M.; Sennlaub, F.; Brunck, L.R.; Johnson, K.T.; Lambrou, G.N.; Rittenhouse, K.D.; et al. VEGFR1 signaling in retinal angiogenesis and microinflammation. Prog. Retin. Eye Res. 2021, 84, 100954. [Google Scholar] [CrossRef]

	



Ghanchi, F.; Bourne, R.; Downes, S.M.; Gale, R.; Rennie, C.; Tapply, I.; Sivaprasad, S. An update on long-acting therapies in chronic sight-threatening eye diseases of the posterior segment: AMD, DMO, RVO, uveitis and glaucoma. Eye 2022. [Google Scholar] [CrossRef]

	



Stahl, A.; Lepore, D.; Fielder, A.; Fleck, B.; Reynolds, J.D.; Chiang, M.F.; Li, J.; Liew, M.; Maier, R.; Zhu, Q.; et al. Ranibizumab versus laser therapy for the treatment of very low birthweight infants with retinopathy of prematurity (RAINBOW): An open-label randomised controlled trial. Lancet 2019, 394, 1551–1559. [Google Scholar] [CrossRef]

	



Usui-Ouchi, A.; Tamaki, A.; Sakanishi, Y.; Tamaki, K.; Mashimo, K.; Sakuma, T.; Ebihara, N. Factors affecting a short-term response to anti-VEGF therapy in diabetic macular edema. Life 2021, 11, 83. [Google Scholar] [CrossRef]

	



Tanwani, A.; Safdar, N.; Ali, A.; Karimaghaei, C.; Schmitz-Brown, M.; Rehmani, A.; Gupta, P.K. Impact of injection protocol selection by retina specialists on clinical outcomes in patients with diabetic macular edema. Life 2021, 12, 51. [Google Scholar] [CrossRef]

	



Wicinski, M.; Seredyka-Burduk, M.; Liberski, S.; Marczak, D.; Pol, M.; Malinowski, B.; Pawlak-Osinska, K.; Kaluzny, B.J. Evaluation of blood coagulation parameters and ADMA, NO, IL-6, and IL-18 serum levels in patients with neovascular AMD before, during, and after the initial loading phase of intravitreal aflibercept. Life 2021, 11, 441. [Google Scholar] [CrossRef]

	



Ang, J.L.; Ah-Moye, S.; Kim, L.N.; Nguyen, V.; Hunt, A.; Barthelmes, D.; Gillies, M.C.; Mehta, H. A systematic review of real-world evidence of the management of macular oedema secondary to branch retinal vein occlusion. Eye 2020, 34, 1770–1796. [Google Scholar] [CrossRef] [PubMed]

	



Sakanishi, Y.; Morita, S.; Mashimo, K.; Tamaki, K.; Ebihara, N. Subfoveal choroidal thickness and treatment outcomes of intravitreal aflibercept for branch retinal vein occlusion. Life 2021, 11, 572. [Google Scholar] [CrossRef] [PubMed]

	



Sonntag, S.R.; Seifert, E.; Hamann, M.; Lewke, B.; Theisen-Kunde, D.; Grisanti, S.; Brinkmann, R.; Miura, Y. Fluorescence lifetime changes induced by laser irradiation: A preclinical study towards the evaluation of retinal metabolic states. Life 2021, 11, 555. [Google Scholar] [CrossRef] [PubMed]

	



Matsuo, T.; Liu, S.; Uchida, T.; Onoue, S.; Nakagawa, S.; Ishii, M.; Kanamitsu, K. Photoelectric dye, NK-5962, as a potential drug for preventing retinal neurons from apoptosis: Pharmacokinetic studies based on review of the evidence. Life 2021, 11, 591. [Google Scholar] [CrossRef]

	



Palma, F.; Camacho, P. The role of optical coherence tomography angiography to detect early microvascular changes in diabetic retinopathy: A systematic review. J. Diabetes Metab. Disord. 2021, 20, 1957–1974. [Google Scholar] [CrossRef]

	



Wysocka-Mincewicz, M.; Golebiewska, J.; Olechowski, A.; Szalecki, M. Diabetic retinopathy in children with type 1 diabetes-occurrence and screening using optical coherence tomography. Life 2021, 11, 590. [Google Scholar] [CrossRef]

	



Ozawa, N.; Mori, K.; Katada, Y.; Tsubota, K.; Kurihara, T. Efficacy of the newly invented eyelid clamper in ultra-widefield fundus imaging. Life 2020, 10, 323. [Google Scholar] [CrossRef]

	



Uchida, A.; Sasaki, M.; Motomura, K.; Yuki, K.; Kurihara, T.; Tomita, Y.; Ozawa, Y.; Yamagishi, K.; Kawasaki, R.; Hanyuda, A.; et al. Relationship between nerve fiber layer defect and the presence of epiretinal membrane in a Japanese population: The JPHC-NEXT Eye study. Sci. Rep. 2020, 10, 779. [Google Scholar] [CrossRef]

	



Shimizu, H.; Asaoka, R.; Omoto, T.; Fujino, Y.; Mitaki, S.; Onoda, K.; Nagai, A.; Yamaguchi, S.; Tanito, M. Prevalence of epiretinal membrane among subjects in a health examination program in Japan. Life 2021, 11, 93. [Google Scholar] [CrossRef]

	



Milam, A.H.; De Castro, E.B.; Smith, J.E.; Tang, W.X.; John, S.K.; Gorin, M.B.; Stone, E.M.; Aguirre, G.D.; Jacobson, S.G. Concentric retinitis pigmentosa: Clinicopathologic correlations. Exp. Eye Res. 2001, 73, 493–508. [Google Scholar] [CrossRef]

	



Nakahara, M.; Oishi, A.; Miyata, M.; Ikeda, H.O.; Hasegawa, T.; Numa, S.; Otsuka, Y.; Oishi, M.; Matsuda, F.; Tsujikawa, A. Clinical characteristics, differential diagnosis and genetic analysis of concentric retinitis pigmentosa. Life 2021, 11, 260. [Google Scholar] [CrossRef] [PubMed]

	



Matsuo, T.; Yashiro, M.; Yamasaki, O.; Tanaka, T.; Manki, A. Bilateral optic disc swelling as a plausible common ocular sign of autoinflammatory diseases: Report of three patients with Blau syndrome or cryopyrin-associated periodic syndrome. Life 2021, 11, 1433. [Google Scholar] [CrossRef] [PubMed]

	



Low, S.W.Y.; Vaidya, T.; Gadde, S.G.K.; Mochi, T.B.; Kumar, D.; Kassem, I.S.; Costakos, D.M.; Ahmad, B.; Sethu, S.; Ghosh, A.; et al. Decorin concentrations in aqueous humor of patients with diabetic retinopathy. Life 2021, 11, 1421. [Google Scholar] [CrossRef] [PubMed]

	



Takayanagi, Y.; Takai, Y.; Kaidzu, S.; Tanito, M. Association between systemic antioxidant capacity and retinal vessel diameters in patients with primary-open angle glaucoma. Life 2020, 10, 364. [Google Scholar] [CrossRef] [PubMed]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  life-12-00183


  
    		
      life-12-00183
    


  




  





media/file0.png





