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Abstract

Glucocorticoids (GCs) are essential steroid hormones that regulate numerous metabolic and 

homeostatic functions in almost all physiological systems. Synthetic glucocorticoids are among 

the most commonly prescribed drugs for the treatment of various conditions including 

autoimmune, allergic and inflammatory diseases. Glucocorticoids are mainly used for their potent 

anti-inflammatory and immunosuppressive activities mediated through signal transduction by their 

nuclear receptor, the glucocorticoid receptor (GR). Emerging evidence showing that diverse 

physiological and therapeutic actions of glucocorticoids are tissue-, cell-, and sex-specific, 

suggests more complex actions of glucocorticoids than previously anticipated. While several 

synthetic glucocorticoids are widely used in the ophthalmology clinic for the treatment of several 

ocular diseases, little is yet known about the mechanism of glucocorticoid signaling in different 

layers of the eye. GR has been shown to be expressed in different cell types of the eye such as 

cornea, lens, and retina, suggesting an important role of GR signaling in the physiology of these 

ocular tissues. In this review, we provide an update on the recent findings from in vitro and in vivo 
studies reported in the last 5 years that aims at understanding the role of GR signaling specifically 

in the eye. Advances in studying the physiological effects of glucocorticoid in the eye are vital for 

the elaboration of optimized and targeted GCs therapies with potent anti-inflammatory potential 

while minimizing adverse effects.
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Introduction

Glucocorticoids as a therapeutic approach in ophthalmology

Even after 60 years of the first introduction of glucocorticoid therapy into clinical practice, 

glucocorticoids (GCs) are still the most commonly prescribed drugs worldwide. Their potent 

anti-inflammatory and immunosuppressive capabilities made them the physician’s preferred 

choice for the treatment of several dermatological, autoimmune, and ocular diseases [1]. 

Unfortunately, the systemic use of GCs is sometimes limited by their undesirable effects 
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associated with high doses and/or prolonged treatment. Side effects such as metabolic 

abnormalities, susceptibility to infections, hypertension, peptic ulcer, cataract and water/

electrolyte imbalance, would eventually necessitate the discontinuation of the drug use 

despite its effectiveness [2].

GCs are widely used in ophthalmology as an initial as well as adjuvant therapy for the 

management of a diverse array of acute and chronic ocular inflammatory conditions (Table 

1). Moreover, GCs are also used, either alone or in combination with antiangiogenic therapy, 

to inhibit pathological ocular neovascularization that might lead to vision loss if left 

untreated. Targeting ocular diseases has the advantage of localized treatment possibilities 

through the use of topical applications such as eye drops and ointments, or through 

intravitreal injections to mainly target the back of the eye. However, certain chronic, visually 

debilitating ocular diseases such as bilateral uveitis, necessitate the use of systemic 

corticosteroids [3], which, as expected, would demand the restriction of GCs to short-term 

administration [4].

In the ophthalmology practice, triamcinolone acetanoid (TA), dexamethasone (DEX), 

prednisolone and flucinolone acetanoid (FA) are most commonly used for being potent and 

selective GCs [5]. Therapeutic effects of GCs are mediated through genomic actions via the 

glucocorticoid receptor (GR) located in the cytosol [6]. The ubiquitous expression of GR, 

suggests a crucial role of glucocorticoid signaling in all cells. Diverse actions of 

glucocorticoid signaling have been shown to be indeed cell type-specific. Moreover, recent 

animal studies demonstrated sexual dimorphic effect of GCs, in which DEX induced 

different anti-inflammatory responses in male versus female rodents [7]. Additional studies 

revealed sexual dimorphism of GCs in the differential gene expression profile in males and 

females as well as in the direction in which genes are regulated, with certain genes being 

induced in male and repressed in female rodents and vice versa [8, 9]. Despite the extensive 

use of GCs in ophthalmology, and the documentation of the expression of GR in different 

ocular tissues and cell types, little is yet known about the mechanism of GR signaling in the 

eye that is responsible for their physiological, therapeutic and/or side effects. Thus, there is 

an unmet need for a clear understanding of the mechanism of glucocorticoid signaling in a 

cell, tissue and sex-specific fashion.

Glucocorticoid receptors structure and mechanism

Glucocorticoids are hormones of the steroid family that are synthesized and released by the 

adrenal gland to play a vital role in controlling stress. The adrenal production of GCs is 

regulated by the hypothalamic-pituitary adrenal axis (HPA) in a circadian manner [10]. In 

response to a stressful stimulus, the hypothalamus releases corticotrophin-releasing hormone 

(CRH), which acts on the pituitary gland to stimulate the synthesis of adrenocorticotrophic 

hormone (ACTH) (Figure 1A). ACTH in turns activates the adrenal cortex to synthesize and 

release GCs, which act in cell-specific fashion in almost all body organs [11]. In humans, the 

biologically active form of GCs is cortisol, while corticosterone is the active form of GCs in 

rodents. Endogenous glucocorticoid activity is regulated at the cell level by 11β-

hydroxysteroid dehydrogenase enzymes; 11β-HSD1 and 11β-HSD2, that regulate the 

conversion between the bioactive cortisol and its inactive precursor cortisone. Subsequently, 
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the released GCs then act on the hypothalamus and the pituitary gland to reduce excess 

activation of the HPA axis as a negative feedback regulation. Disturbances in GC 

homeostasis result in various pathological conditions that lead to immunological and 

metabolic complications, Addison’s disease (deficient glucocorticoids) and Cushing’s 

syndrome (excessive glucocorticoids).

GCs effects are mediated by GR; a ligand-induced transcription factor and a member of the 

nuclear receptor family encoded by NR3C1 gene and contains 9 exons. In terms of structure, 

GR contains 3 major functional regions: the N-terminal transactivation domain (NTD), the 

central DNA binding domain (DBD) and the C-terminal ligand-binding domain (LBD) 

(Figure 1B). Interestingly, while a single gene encodes human GR, alternative splicing and 

the presence of different translation initiation sites results in a potential combination of 

about 40 distinct GR isoforms [12]. The existence of multiple GR isoforms is associated 

with varying tissue distribution and downstream signaling mechanisms. The classic 

cytoplasmic GC receptor is glucocorticoid receptor-α (GRα), which mediates most of GCs 

therapeutic and undesirable metabolic effects (Figure 1C). The splice variant GRβ, in the 

presence of GRα, does not bind GCs or regulate glucocorticoid-responsive reporter genes, 

and acts mainly as a dominant negative inhibitor of GRα activity on many GC-responsive 

target genes. Therefore, elevated GRβ has been associated with systemic resistance to GCs. 

Apart from the antagonistic effects of GRβ on GRα; GRβ has been shown to regulate a large 

set of genes that are not controlled by GRα, in response to the GR antagonist RU-486 [13]. 

Additionally, GRβ demonstrated intrinsic, GRα-independent, gene-specific transcriptional 

activity in the absence of a ligand, suggesting that at least a fraction of GRβ is present in the 

nucleus in a ligand-independent manner [14, 15]. Other GR splice variants and translational 

isoforms have been previously reported in different organs [12], while their physiological 

functions in the eye are not yet clear.

Under basal conditions, GR resides in the cytosol of cells as a part of a large multiprotein 

complex that includes chaperon proteins (HSP90, HSP70, P23) and immunophilins (FKBP4, 

FKBP5). Following ligand binding of either synthetic or endogenous GCs, GR undergoes 

conformational changes to dissociate from the heterocomplex, exposing nuclear localization 

signal and translocate to the nucleus (Figure 1D). Once in the nucleus, liganded GR 

dimerizes and binds to glucocorticoid response elements (GREs) to control the expression of 

target genes [16]. Activated GR can lead to transactivation or transrepression of gene 

transcription directly by binding to GREs in regulatory regions of specific target genes [17]. 

Another mechanism by which GR can control gene expression is through protein-protein 

interactions with other transcription factors. For example, majority of the therapeutic anti-

inflammatory effects of GCs arise from the interactions with and subsequent antagonism of 

nuclear factor kappa-light-chain enhancer of activated B cells (NF-κB) and activating 

protein-1 (AP-1) [16]. Additionally, GR is known to regulate gene expression indirectly by 

binding to tethering or composite GRE [18]. GR directly binds to the p65 subunit of NF-κB 

and the Jun subunit of AP-1 and interferes with their transcriptional activation. Furthermore, 

GR has been proposed to exert rapid non-genomic actions that do not require de novo 
protein synthesis, by directly modulating signal transduction pathways [19]. This process 

occurs when cytosolic or membrane-bound GR physically interacts with kinases such as 
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extracellular signal-regulated kinases (ERKs), mitogen activated protein kinases (MAPKs) 

and the p38 isoforms (p38) [20].

The eye as an immune privileged organ

The eye is a unique organ that has a direct environmental contact through the cornea and is 

linked to the nervous system through the retina. Additionally, the eye has a special 

relationship with the immune system known as immune privilege, maintained by multiple 

factors including ocular immunosuppressive factors, and the efficient blood-retinal barrier 

mainly by the tight junctions in retinal pigment epithelium (RPE) [21]. An indication of the 

ocular immune privilege is emphasized in corneal transplantation, with up to 90% success 

rate in corneal allografts without the need of systemic immunosuppressive therapy [22]. The 

avascular characteristic of certain ocular compartments, including cornea, lens and the outer 

retina, is another important anatomical feature to satisfy normal visual function and 

significantly contribute to the immune privilege properties of the eye. Therefore, in healthy 

adults, the ocular vasculature is mainly quiescent by the tight control of the balance between 

proangiogenic and antiangiogenic factors [23]. The abnormal growth of new blood vessels in 

avascular areas, such as in corneal or retinal neovascularization, or in leaky vascular 

compartments such as in choroidal neovascularization, interferes with their normal visual 

function in regulating light transmission. This will lead to several diseases including corneal 

opacity, proliferative diabetic retinopathy, and neovascular age-related macular degeneration 

(AMD) [24].

Topical administration of GCs mainly in the form of eye drops is in use for managing 

inflammatory insults on the ocular surface such as post-surgical inflammation and allergic 

conjunctivitis [25]. On the other hand, intravitreal injection of GCs is the commonly used 

route of administration in ophthalmology clinics for the treatment of ocular diseases in the 

posterior part of the eye. Due to their ability to control intraocular inflammation, reduce 

edema and inhibit neovascularization, intravitreal GCs are widely used for the management 

of sight-threatening diseases such as macular edema, macular degeneration and uveitis. TA 

is a frequently used glucocorticoid due to its limited solubility in the vitreous humor that 

minimizes its clearance and thereby provides a sustained effect [26]. TA has been shown to 

decrease vascular leakage and macular edema after a single administration in patients with 

neovascular AMD and diabetic macular edema, respectively [27]. DEX is the most potent 

glucocorticoid used in ophthalmology; a single dose of 0.18 mg/ml of DEX is equivalent in 

efficacy to 1 mg/ml of TA [28]. However, it is mostly administered in a pulse form due to its 

short acting effect and faster clearance from the vitreous [26]. Additionally, in diseases such 

as neovascular AMD, a combination therapy of GCs with the standard-of-care 

antiangiogenic treatments is currently being used in patients not responding to the typical 

therapy alone [29]. The safety of topical and intravitreal administration of GCs is somewhat 

controversial depending on the form of glucocorticoid used, doses, duration of treatment and 

patients’ predisposition. Ocular side effects of GCs might include cataract and elevation of 

intraocular pressure (IOP) that, if uncontrolled, may lead to glaucoma [30, 31]. Novel 

delivery approaches of sustained-release intravitreal GC implants are emerging to avoid the 

use of repeated injections and benefit patients who are resistant to conservative therapy [26]. 

While recent studies have demonstrated the efficiency of DEX intravitreal implants in 
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patients with macular edema, they also pointed out to the potential increase in the frequency 

of IOP and cataract in those patients from the prolonged GC treatment [32]. Therefore, a 

clear understanding of the implications of glucocorticoid functions in normal physiology as 

well as their signaling mechanisms in anterior and posterior parts of the eye is critical to 

improve GCs benefits and minimize their undesirable effects.

Actions of glucocorticoids in the eye

Cornea—The cornea is a transparent part of the eye that covers the anterior chamber and 

forms a physical barrier between the eye and external agents. GCs have been shown to 

regulate corneal immune response, suppress inflammation and inhibit growth of blood and 

lymphatic vessels [33, 34]. Prednisolone, a synthetic GC analog that is commonly used in 

the clinic for treatment of ocular surface diseases, suppressed the expression of pro-

inflammatory cytokines, induced the production of mitochondrial reactive oxygen species 

and thereby increased apoptosis of primary culture of human corneas as well as in a murine 

model of dry eye disease [35]. Transcriptome analysis of human corneal epithelial cell line 

(HCEC) after short-term DEX treatment elucidated significant changes in genes regulating 

cell movement, cytoskeletal remodeling and permeability [36]. Topical DEX treatment 

indeed was found to preserve corneal clarity and decrease corneal wound healing in a 

murine model of alkali burned cornea associated with dry eye [37]. DEX significantly 

reduced the expression of matrix metalloproteases (MMPs) such as MMP1, 3 and 9 as well 

as interleukin-6 (IL-6) while it increased the expression levels of MMP8, a collagen cleaving 

enzyme that plays an important role in inflammation and tissue remodeling [38]. These 

DEX-mediated protective effects were lost in MMP8 knockout mouse model or by using a 

specific MMP8 inhibitor, suggesting a crucial role of MMP8 in DEX-mediated protection in 

the cornea. Due to the high expression of 11β-HSD1 in corneal cells, endogenous 

production of cortisol has been proposed to significantly contribute to ocular surface renewal 

and barrier function [39]. Additionally, comparing cortisol levels in ocular surface and the 

serum suggested that ocular cortisol levels are potentially independent of circulatory cortisol 

[40]. Toll-like receptor (TLR) pathway, an important player in the recognition of pathogens, 

has been shown to affect cytokine but not cortisol production by HCEC, indicating that 

intracrine cortisol contributes to resolution of local inflammatory responses during immune-

mediated challenges thereby maintaining optical clarity. Together, these studies indicate a 

complex role of endogenously produced and exogenously administered GCs in regulating 

corneal functions that is yet to be investigated in relevant in vivo models.

Lens—The lens is a transparent, biconvex structure in the eye that focuses the light coming 

through the cornea on the retina. In some patients, GCs have been associated with cataract 

formation following treatment of ocular and non-ocular diseases. However, the mechanism 

and pathogenesis of GC-induced cataract are not completely clear. Active GR were found in 

mouse and human lens epithelial cells, suggesting a direct mechanism of action of GCs on 

the lens. In vitro studies using human lens epithelial cells (LEC) suggested that GCs affect 

cell proliferation, differentiation, apoptosis, survival, and migration, through non-genomic 

modulation of ERK/MAPK pathway [41]. Microarray analysis of LECs revealed multiple 

genes that were differentially regulated following DEX treatment compared to the control 

groups including upregulation in monocyte chemotactic protein-1 gene; CCL2 and 
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downregulation of FAS receptor levels, an important cell surface receptor of the tumor 

necrosis factor receptor family, suggesting a potential role of inflammation in GC-induced 

cataract [42]. This finding was further supported by another study documenting that CCL2 

was detected in patients’ samples following cataract surgery [43]. The transcription factor c-

Jun has been shown to bind to the promoter regions of CCL2 and FAS genes and regulate 

their expression. Whether c-Jun is the critical transcription factor responsible for the changes 

in the expression of these genes in response to GCs is not yet clear. If this is indeed the case, 

c-Jun could represent a potential therapeutic target to treat GC-induced cataract, which is 

awaiting further investigation. DEX treatment of rat lens epithelial explant has been shown 

to enhance fibroblast growth factor (FGF)-induced lens proliferation but retard their fiber 

differentiation and elongation possibly through genomic modulation of ERK1/2 activity 

[44]. This imbalance of relationship between proliferation and differentiation could lead to 

abnormal cell behavior and lens opacification. It is important to mention that the reported 

GC-induced cataract have been particularly linked to exogenous GC administration. Patients 

with Cushing’s syndrome, which is characterized by elevated levels of endogenous GCs, do 

not usually develop steroid-induced cataract. This observation has been largely attributed to 

a normal GR down-regulation mechanism that might be impaired with exogenous steroid 

therapy [45]. Further analyses of GC-mediated signaling in the lens and the causative 

players in cataract formation are essential to treat and/or prevent this undesirable adverse 

effect of GCs.

Trabecular meshwork—Trabecular meshwork (TM), located in the anterior chamber of 

the eye, adjusts aqueous humor resistance and thereby regulates IOP [46]. Within 4–6 weeks 

of topical ocular administration of GCs, about 40% of patient population develop ocular 

hypertension and secondary glaucoma [47]. These side effects are usually observed in 

patients with predisposing risk factors including a personal or family history of glaucoma, 

pre-existing type I diabetes mellitus, and connective-tissue disease, which in turn requires 

diligent follow-up of those patients when receiving GCs [31]. Many of GC-induced changes 

in TM of human eyes can be mimicked in cultured TM cells, indicating a direct action of 

GCs on TM [48]. Transcriptomic and proteomic analysis of DEX-treated cultured human 

and bovine TM cells revealed alteration in hundreds of genes and proteins involved in cell 

metabolism, signal transduction, cell structure/motility, intracellular traffic, and immunity 

[49–51]. Moreover, DEX induced the upregulation of noncanonical Wnt ligand Wnt5a, 

which in turn induced cross-linked actin network (CLAN) formation in cultured TM cells 

through RhoA/ Rho-associated protein kinases (ROCK) [52–54]. Prolonged DEX treatment 

of cultured TM cells increased the production and deposition of fibronectin, 

glycosaminoglycan and extracellular matrix (ECM) resulting in decreased outflow facility 

[55, 56]. Moreover, topical ocular treatment with DEX in wild-type mice induced IOP and 

glaucoma, and increased formation of ECM, actin, and mutant myocilin (MYOC) proteins, 

which has been shown to induce endoplasmic reticulum stress [57, 58], and these effects 

were reversed after DEX withdrawal. Interestingly, variability in patients’ responsiveness to 

GC-induced ocular side effects has been attributed to a lower GRβ-GRα ratio compared to 

their normal counterparts. Lower GRβ expression in the TM of glaucoma patients is 

associated with increased GCs responsiveness, and subsequently more ECM buildup and 
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cytoskeletal changes [59]. Thus, manipulating GRβ-GRα ratio could be exploited for 

therapeutic intervention as a way to modulate GC sensitivity.

Retina—Retina is the neurosensory component of the eye that sends neural signals of light 

to the brain for visual recognition. Neural retina consists of different cell types such as 

photoreceptors- the light sensitive part of the retina that converts captured photons into a 

nerve signal through phototransduction, and Müller glial cells (MGC)- the main glial cells of 

the retina that play a crucial role in maintaining local environment in the retina for optimal 

visual function. Retinal blood vessels lined by microvascular endothelial cells sustain tissue 

homeostasis at steady state and undergo angiogenesis and regeneration during tissue repair.

Ocular pathologies of the retina are commonly treated with GCs either alone or in 

combination with other drugs. Intravitreal injections of GCs have been demonstrated in 

multiple studies in rodent animals as well as in humans to effectively reduce ocular 

neovascularization, and suppress inflammation. However, the exact mechanism by which 

GCs mediate these effects in the retina has not been clearly determined. Glucocorticoid-

induced leucine zipper (GILZ) transcription factor was found to be down-regulated in a rat 

model of retinal inflammation, in the aqueous humor of human eyes with bacterial 

endophthalmitis [60], and in lipopolysaccharide (LPS)-treated rat retinal endothelial cells 

[61], underlying GCs responsiveness in retinal inflammatory diseases. GILZ overexpression 

suppressed LPS-induced activation of NF-κB and the retinal toll-like receptor4-myeloid 

differentiation factor 88 (TLR4-MyD88) signaling pathways, which has been shown to play 

a vital role in the inflammatory response [60]. Intravitreal TA injections in an early diabetic 

rat model significantly activated GR and p38 MAPK signaling pathway, thereby exerted an 

anti-apoptotic and protective effect on retinal neurons [62]. This finding indicates a dual 

beneficial potential of GCs not only as an anti-inflammatory but also as a neuroprotective 

treatment compared to the traditional therapy for diabetic retinopathy patients that targets the 

vascular endothelial growth factor (VEGF), a dominant angiogenic mediator, using 

biologics. Moreover, in a murine model of endotoxin-induced uveitis (EIU), DEX treatment 

significantly suppressed S100A8; a calcium-binding protein that has a critical role in the 

inflammatory and immune response, thus inhibiting the migration and infiltration of 

inflammatory cells from the blood [63]. Different GCs exhibited similar yet distinct effects 

on cytokine expression, neuroprotection, and oxidative stress pathways. Therefore, detailed 

analysis and understanding of the effects of individual GCs specifically in the retina is 

crucial to provide customized GC treatments to target specific diseases or even certain stages 

of each disease.

In rodent, the partial GR antagonist, mifepristone significantly increased cleaved caspase 3 

levels and induced depletion of BCL-XL, the antiapoptotic molecule preferentially 

expressed in central and retinal neurons, which ultimately resulted in photoreceptor cell 

death. Moreover, DEX treatment significantly increased retinal BCL-XL, and eventually 

prevented mifepristone-induced photoreceptor cell death, suggesting that GC may protect 

retinal function and morphology by preventing photoreceptors apoptosis [64]. This suggests 

a potential role of GC in photoreceptor homeostasis that needs further confirmation. In 

human retinal endothelial cells (HRECs), cells that line the microvascular capillary beds in 

the retina, DEX significantly repaired glucose-induced cell loss and enhanced permeability, 
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suggesting a potential role of DEX in protecting HRECs in high glucose condition and 

facilitating endothelial cell repair in the diabetic retina [65]. Additionally, DEX treatment of 

HRECs have been shown to suppress p38 MAPK and subsequent NF-κB signaling pathways 

that contribute to the regulation of claudin-5 and occludin expression, which finally 

strengthens the barrier function of endothelial tight junction [65, 66]. Despite showing that 

microvascular retinal endothelial cells are more resistant to GC-induced cell death compared 

to endothelial cells from other organ, they are still susceptible to GC-induced toxicity at high 

doses [67]. These findings strongly indicate the importance of titrating GC doses in 

preclinical as well as clinical studies to achieve the desired therapeutic potential while 

avoiding possible adverse effects. GR have been shown to be highly conserved and 

expressed in the MGC of retinas from different vertebrates such as zebrafish, mice, guinea 

pigs, and dogs [68]. Intravitreal DEX injections in chick retina inhibited the proliferation of 

progenitor MGCs through suppressing MAPK signaling [68]. Regardless of the type of 

retinal damage, GR agonists have been shown to protect neural retina against cytotoxic 

damages and to suppress reactivity of microglia [69]. Low doses of DEX significantly 

reversed the impairment of the cytoskeletal protein dystrophin Dp71, the water transport 

protein aquaporin 4 (AQP4), and the potassium channel Kir4.1 in vivo in a mouse model of 

partial lens surgery and ex vivo in cultured MGCs inhibiting their swelling [70]. The 

expression and distribution of these channels have been shown to be altered in many retinal 

diseases such as retinal detachment and diabetic retinopathy. Thus, low doses of DEX could 

be protective and beneficial in clinical practice with ultimately fewer complications.

Retinal pigment epithelium (RPE)/choroid—Retinal pigment epithelium (RPE) is a 

monolayer of cells connected with tight junctions forming the outer blood-retinal barrier 

(BRB). BRB is an important physiologic regulator of the flow of nutrients and molecules 

between photoreceptors and choroid, a highly vascularized layer underneath the retina. RPE 

dysfunction plays a critical role in many vision-threatening ocular diseases. Microarray 

transcriptome analysis of RPE/choroid isolated from wild-type mice treated with intravitreal 

DEX or TA identified unique neurotransmission signaling pathways that were differentially 

regulated between DEX and TA at different time points, indicating that GC’s influence is 

dependent on the type of steroid and treatment duration. While different steroids might be 

expected to exert similar actions, it has been previously established that different GR ligands 

induce different nuclear distribution patterns [71]. GR distribution has been shown to be 

significantly impacted by ligand-specific structures such as the 9-fluoro and 17-hydroxyl 

groups. Since DEX and TA are structurally different at these positions, this might be a 

partial explanation for their different actions. Meanwhile, GCs significantly regulated genes 

involved in circadian rhythm signaling in steroid/time-independent fashion [72]. The 

mammalian retina has its own circadian clock mechanism, which has been reported to be 

present in photoreceptors [73] and/or RPE [74], autonomously from the central circadian 

clock in the hypothalamus. Regulation of photoreceptor disc shedding is a rhythmic process 

that is known to be one of the main functions of RPE, indicating a possible vital impact of 

GCs on proper function and health of RPE and photoreceptors. In vitro studies on human 

retinal pigment epithelial cells (ARPE19) showed that DEX treatment protected glutathione 

pool and increased antioxidant capacity of ARPE19, opposite to TA [75], suggesting a 

protective role of DEX but not for TA against oxidative stress. In a rabbit model of choroidal 
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neovascularization, intravitreal TA significantly suppressed the levels of VEGF, and 

inflammatory cytokines such as IL6, and monocyte chemotactic protein-1 (MCP-1) [76]. 

Indeed, TA has been shown to reduce vitreal levels of VEGF in patients with diabetic 

retinopathy, and therefore, supporting the need for combination therapy with GCs and anti-

VEGF to tackle more than one target and to achieve a superior outcome in treatment.

Concluding Remarks

Glucocorticoids are among the most widely prescribed drugs in the ophthalmology practice 

(Figure 2). Given the complexity of glucocorticoid signaling and transcriptional activity, it is 

becoming clear that most of GCs clinical application in ophthalmology lacks knowledge of 

GC actions at the molecular and physiological levels. Advances in understanding the 

physiological role of GCs, specifically in the eye, are vital for the development of optimized 

targeted GC therapies of specific, and potent anti-inflammatory potential with minimal 

adverse effects. The current findings reinforce the need for appropriate animal models with 

conditional deletion of GR in specific tissues of the eye- cornea, lens, TM, retina, and RPE/

choroid to dissect the mechanism of GR signaling in individual ocular layers, and then 

advance to understand the cross talk between them. Needless to mention that in vivo 

experiment in the eyes should be performed in male and female animals to account for the 

sexual dimorphic effects of GCs, that continued to be observed in different organs. 

Furthermore, using high doses of GCs in the ophthalmology clinics is a major drawback that 

could be contributing to the development of GC-induced complications. Therefore, it is 

important to study ocular glucocorticoid signaling mechanisms using dose and time-gradient 

of GCs to eventually characterize the lowest functional dose and optimal time point with 

maximum benefit and least side effects.
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Figure 1. 
Glucocorticoid receptor (GR) regulation and signaling. (A) Schematic representation of 

regulation of glucocorticoid (GC) levels by the hypothalamic-pituitary adrenal (HPA) axis, 

and the regulation of the conversion between the biologically active form of GCs, cortisol 

and the inactive form, cortisone, by 11β-hydroxysteroid dehydrogenase type 1 and type 2. 

(B) Representation of GR structure containing N-terminal transactivation domain (NTD), a 

central DNA binding domain (DBD), a flexible hinge region (H) and a C-terminal ligand 

binding domain (LBD). (C) GR isoforms generated by alternative splicing. (D) GR signaling 

following the binding of GCs to the cytoplasmic GR, which then undergoes conformational 

changes that result in the dissociation from accessory proteins and translocation to the 

nucleus. In the nucleus, GR regulates the expression of target genes by multiple ways such 

as a direct binding to glucocorticoid-response elements (GRE) and activation of 

glucocorticoid-induced leucine zipper (GILZ) transcription factor.
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Figure 2. 
Role of glucocorticoids in the eye. Schematic representation of major layers of the eye, 

demonstrated roles of glucocorticoids (black text), and reported adverse effects (red text).
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Table 1

Examples of ocular diseases treated with glucocorticoids

Route of
administration

Commonly used glucocorticoids Example diseases

Topical Prednisolone acetate 0.12% – 1% Keratitis

Dexamethasone phosphate 0.1% Allergic conjunctivitis

Hydrocortisone acetate 2.5% Postoperative treatment

Flurometholone 0.1% – 0.25% Anterior uveitis

Periocular injections Triamcinolone acetanoid 4mg/ml Resistant anterior uveitis

Methyl prednisolone acetate 80mg/ml Intermediate uveitis

Unilateral cystoid macular edema (CME)

Intravitreal injections Triamcinolone acetanoid 4mg/ml Uveitis

Dexamethasone 0.4mg/0.1ml Diabetic macular edema (DME)

Neovascular age-related macular degeneration

Proliferative diabetic retinopathy (PDR)

Intraocular implants Flucinolone acetanoid chronic posterior uveitis

Dexamethasone Retinal vascular occlusions (RVO)

Triamcinolone acetanoid DME

Systemic Prednisone 1mg/kg/day Tuberculosis uveitis

Prednisolone 1mg/kg/day Thyroid eye disease

Optic neuritis

Severe corneal graft rejections
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