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Circulating biomarkers in glaucoma, age-related macular degeneration, and

diabetic retinopathy

Madhu Nath, Nabanita Halder, Thirumurthy Velpandian

Biomarkers to predict the altering physiological conditions over the period leading toward the ocular

disorders are of major importance in therapeutics. Isolation and validation of the biomarkers specific to
ocular diseases are a challenging task. Glaucoma is a neurodegenerative disease of the eye where the
correlation of biomarkers in circulating fluid may be made specific for the eye. However, conditions such
as wet age-related macular degeneration (AMD) and proliferative diabetic retinopathy (DR), circulating
biomarkers might be having some degree of overlap with other conditions like cancer where a common
factor such as angiogenesis is involved. Diabetes, a systemic disorder affecting the target organs such as eye,
kidney, heart, and nervous system can be predicted using common circulating biomarkers. However, these
markers need to be validated along with various stages of disease progression to enable the possibility of
targeted pharmacological interventions apart from good glycemic control alone. This review compiles the
attempts made to correlate such circulating biomarkers in the ocular conditions such as glaucoma, AMD,
and DR in the search for a surrogate marker for diagnostic and prognostic value. To make biomarkers for
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the common convenience, genetic markers are excluded from this review.
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Biomarkers are defined as “cellular, biochemical or molecular
alteration that is measurable in biological media such as human
tissues, cells or fluids.”™ Circulating biomarkers are by enlarge
referred to the investigations that can be done in blood or its
components which in term reflect the pathological process
in the target organ. As far as biomarkers for ocular disease
is concerned, attributing circulating biomarkers to the ocular
pathologies can be divided into two broad categories, namely,
ocular manifestations which are reflected in blood and systemic
manifestations that are attributed to ocular pathologies.

Circulating Biomarkers in Glaucoma

Molecular pathophysiological mechanisms of glaucoma
are considered to have some degree of overlap with other
neurodegenerative disorders. Stress, apoptosis, DNA-repair,
cell adhesion, tissue remodeling, transcription regulation,
transporters, vascular tone, and energy metabolism are
reported to be the pathways involved in glaucoma. Along with
the factors involved in the pathways, circulating leukocytes
have also showed their utility in diagnostic and prognostic
purpose to monitor glaucoma.®

Oxidative stress

Alteration in the levels of glutathione peroxidase (GPX),
superoxide dismutase (SOD), and malondialdehyde (MDA)
has also been reported in the aqueous humor of patients with
primary open-angle glaucoma (POAG). There was a study
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where oxidative stress markers such as myeloperoxidase,
catalase (CAT), and MDA in the plasma of the patients with
POAG have been compared with controls.”! This study showed
significantly higher levels of MDA in patients with POAG
as compared to control and suggested the role of oxidative
damage in glaucoma in the process of aging. Decrease in total
antioxidant capacity (TAC) in the plasma of patients with
POAG has also been reported by the larger study included
139 patients when compared with age- and sex-matched
healthy controls.”! Other studies have also supported the
reduction in TAC in aqueous humor and blood samples from
patients with glaucoma.>*!

Inamulticentric study, 160 glaucoma patients with no known
additional abnormalities showed a significant decrease in the
levels of advanced oxidation protein products (AOPPs), GPX,
SOD, and TAC."I Whereas the levels of MDA, serine, Vitamin
A and E were found to be increased in the patient group as
compared to healthy controls. Similarly, the significant decrease
of antioxidant enzymes CAT, SOD, and GPX and a nonstatistical
decrease of TAC were recorded in glaucoma patients (1 = 20)
as compared to healthy controls. Chang et al. reported the
alteration of oxidative stress markers in primary angle-closure
glaucoma (PACG) in fifty patients. This study showed that
oxidation markers such as MDA, conjugated diene, AOPPs,
8-hydroxydeoxyguanosin (8-OHdG), and ischemia-modified
albumin were found to be significantly higher in PACG.!!
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Vascular tone and architecture
Nitric oxide

Galassi ef al. investigated the plasma and aqueous humor levels
of cyclic guanosine monophosphate (cGMP) and nitrite (NO,-)
in patients with POAG and their relation to ocular perfusion
pressure. The results of the study showed that cGMP and
NO,-levels were significantly decreased in both of these fluids of
glaucoma patients as compared to healthy controls. Moreover, this
study has also reported a linear relation between plasma levels of
c¢GMP with aqueous humor with a strong positive correlation.”’!

L-arginine metabolites

Asymmetric dimethylarginine (ADMA) and symmetric
dimethylarginine (SDMA) are the dimethylated isomeric
derivatives of the amino acid L-arginine. As they were implicated
in retinal vascular tone, Javadiyan et al. quantified serum
ADMA, SDMA, and L-arginine levels in patients with advanced
glaucoma compared with normal healthy controls. This study
also showed a significant increase in the serum levels of both of
the derivatives associated with advanced glaucoma.!"”!

Endothelin

Endothelin-1 (ET-1)is a potent vasoconstrictor peptide produced
by vascular endothelial cells. Plasma levels of ET-1 are reported
to be raised in low-tension glaucoma. Increased plasma ET-1
level to the extent of 70% is reported to cause visual field damage
low tension glaucoma as compared to control. An increased level
of ET-1 has been attributed to an alteration in the endothelial
self-regulating sections and consequent vascular insufficiency.
Irreversible functional damage has been speculated to be due
to pronounced posterior ciliary arteries which supply blood to
the optic nerve head."! Increased ET-1 levels are also reported
to be involved in the regulation of aqueous dynamics in POAG
patients. Increased prevalence of retinal venous thrombosis and
optic nerve damage in glaucoma has been reported due to the
elevated levels of prothrombin fragments 1 + 2 and D-dimer
compared with both normal-tension glaucoma and healthy
controls. Significant increase in plasma ET-1 and homocysteine
levels in patients with POAG is related to vascular endothelial
dysfunction.” Due to endothelial dysfunction, plasma
ET-1 levels in glaucoma patients are five times higher than
corresponding age-matched healthy controls.!"’!

Atrial natriuretic peptide

Atrial natriuretic peptide (ANP) is a hormone secreted from
the right atrium which is known to have natriuretic and
diuretic properties. Brain natriuretic peptide (BNP) and ANP
are cyclic endopeptidases whose principal biological effects
are natriuresis and vasodilatation. The presence of both BNP
and ANP in the aqueous humor has been well documented.
Recently, Baumane et al. identified an association between the
levels of N-terminal-proANP in the plasma and the aqueous
humor with POAG and suggested that ANP as a possible
biomarker of POAG.!"!

Immune system

Yang et al. hypothesized the role of immune system in the
initiation and progress of glaucomatous optic neuropathy
in some glaucoma patients. This study analyzed the subsets
of T cells and the levels of cytokine interleukin-2 (IL-2) and
the soluble IL-2 receptor in peripheral blood from patients
with normal pressure glaucoma or POAG and compared
them with age-matched controls. The results showed that

the frequency of CD8(+) human leukocyte antigen-diabetic
retinopathy (HLA-DR)(+) lymphocytes were increased in
patients with normotensive glaucoma (NTG) and CD3(+)
CD8(+) lymphocytes increased in both NTG and POAG patients.
CD5(+) lymphocytes were higher only in POAG patients. The
mean concentrations of soluble IL-2 receptor in NPG and POAG
patients were higher than that found in controls.[!

Grus et al. subjected the serum of patients having POAG
and NTG for the presence of auto-antibodies against bovine
optic nerve antigens. This study showed the presence of
120 kDa alpha-fodrin antibodies in patients with NTG and
POAG as compared to age-matched control.'”? Apart from this,
upregulation of anti-HSP60, anti-MBP, and downregulation of
anti-14-3-3 have been described in the patients with glaucoma.™®!

Subtracted genes encoding lymphocyte IgE receptor
(Fc epsilon RII/CD23), T-cell-specific tyrosine kinase,
thromboxane A2 receptor, alkaline phosphatase, and
Na*/K*-ATPase have been reported to be differentially
expressed in circulating leukocytes of glaucoma patients as
compared to age-/sex-matched healthy controls.['!

Wunderlich et al. evaluated the circulating leukocyte
proteasome levels (20S proteasome alpha-subunit). This study
showed 3.4-fold increase of plasma proteasome level in glaucoma
patients (6 HTG and 6 NTG) as compared to healthy control.?!
Weinstein et al. reported that patients with POAG having 3
alpha-HSD activity in the peripheral blood lymphocytes; hence,
they have concluded that it can be used as a marker for POAG
for those at the risk for developing the disease.??!!

Metabolism and cell cycle

Nowak ef al. quantified the serum levels of the markers of
connective tissue metabolism P I CP and P III NP in 20 patients
with POAG and in 10 healthy controls. This study reported
40% increase in the levels of P III NP in the serum as compared
to control.”

Cholesterod-24S-hydroxylase (CYP46Al) is a
cholesterol-metabolizing enzyme which is especially
expressed in retinal ganglion cells. The metabolic
product 24S-hydroxycholesterol has been linked with
neurodegeneration. Fourgeux ef al. showed that genetic
polymorphism of CYP46A1 was responsible for the plasma
levels of 24S-hydroxycholesterol in patients.*!

When the plasma and urine citrate, creatinine levels were
analyzed in patients (n =21) with glaucoma, Fraenkl et al. found
that the mean plasma citrate concentrations were significantly
lower among the patients with glaucoma as compared to control
while the kidney functions were considered as normal.l?¥

Slepova et al. studied the role of apoptosis in the pathogenesis
of POAG by quantifying the markers in blood serum and tear
fluid of patients with or suspected to have different stages
glaucoma. Dynamics of soluble fas (sFas)/Apo-1 and sFas
ligand (sFasL) as the markers of Fas-mediated apoptosis was
studied during the treatment. This study showed characteristic
features are detected in Fas/FasL system associated with
glaucoma stage and correlating with some clinical and
functional parameters.*”!

Miscellaneous

Serum levels of brain-derived neurotrophic factor (BDNF)
have been studied in POAG patients and compared with
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age-matched healthy controls by Ghaffariyeh ef al. They have
concluded that serum quantification of BDNF could be a
marker for early detection of POAG.

Tear levels of prekallikrein/kallikrein, angiotensin-converting
enzyme (ACE) activity, BDNF, aqueous levels of IL-8,
IL-6, tumor necrosis factor-alpha (TNF-a), diadenosine
tetraphosphate, transforming growth factor-beta (TGF-f)
vascular endothelial growth factor (VEGF), soluble CD44,
gelatinase A, microRNAs (miRNAs) of various other protein,
and vitreous levels of neurofilament heavy chain protein were
reported to have a novelty to indicate the disease progression
in glaucoma. However, their levels in plasma were not been
validated for its usefulness in assessment. Similarly, increased
levels of erythropoietin and soluble CD44 levels were found to
be increased in aqueous humor of POAG patients as compared
to healthy control, their circulating levels in serum were found
to be insignificant.[*”!

Circulating Biomarkers in Diabetic
Retinopathy

DR is one of the micro complications of the diabetes. Besides
having wide array of treatment option available for the
management of DR, restoration of vision in the progressed
stage of the disease is very intricate. Although, tight control
of blood sugar is reported to show benefit from end-organ
damage, the risk of developing diabetic complications despite
of sugar control needs validated biomarkers.

Vascular and inflammatory biomarkers
MicroRNAs

MiRNAs are the 19-25 nucleotide long highly conserved
noncoding RNAs sequences which work at the
posttranscriptional levels for the gene expression regulation. In
a study reported by Barutta et al. (2016) miRNA 126 levels were
found to be inversely proportionate with the increased vascular
complication associated with the type 1 diabetes (T1Ds)
condition. The role of miRNA146a in the proliferative phase
of DR has been documented by Wang et al.*! Qing ef al. have
demonstrated the elevated serum levels of miR-21, miR-181c,
and miR-1179 in proliferative DR (PDR) cases as compared to
non-PDR (NPDR) cases.”!

Cellular adhesion molecules

Fasching et al. demonstrated that irrespective of actual
metabolic control, serum concentrations of intercellular
adhesion molecule-1 , and vascular cell adhesion molecule-1
but not endothelial leukocyte adhesion molecule-1 are elevated
in patients with insulin-dependent diabetes mellitus (IDDM),
reflecting ongoing endothelial cell stimulation, and leukocyte
activation.?” A study by Kado and Nagata shown that serum
E-selectin concentration between diabetic patients with or
without microangiopathy and normal controls.*!

Inflammatory markers

Sharma et al. reported that circulating markers of inflammation,
endothelial injury, and TNF signaling are significantly associated
with DR in patients with T1Ds. TNF receptor 1 (TNFR-I) and
TNFR-II receptors are highly correlated, but DR associated more
strongly with TNFR-Iin these patients.” In a study reported by
Arner et al., levels of insulin-like growth factor Iin type 1 were
found to be decreased in patients with advanced stage of DR,
whereas Petty et al. demonstrated that diabetes is associated

with a high incidence of endothelial-binding antibodies which
do not correlate with retinopathy, von Willebrand factor,
ACE, or C-reactive protein (CRP) in a study performed in 777
diabetic patients.® The vascular complications of diabetes have
been correlated with CRP, TNF-o, and IL-6 in the EURODIAB
Prospective Complication Study. They have also found a
positive correlation between these inflammatory factors with
DR, DN, and cardiovascular disease.*!

Renin angiotensin system and endothelin

A study performed on 41 IDDM patients compared with those
of 26 controls showed elevated serum ACE activity in IDDM.?¢!
Laurenti et al. have shown that the increased levels of ET-1
could contribute to retinopathy development or, more probably,
represent a marker of this diabetes-related complication.”!

Extracellular matrix metalloproteinase

Jacqueminet et al. recruited 47 type 1 diabetic patients
and their findings revealed that peripheral blood matrix
metalloproteinase (MMP-9) levels might serve as surrogate
biomarkers of retinopathy in type 1 diabetic patients free of
other vascular complications.?® On the other hand, TGF-f
which is a potent inducer of extracellular matrix production
and of fibrogenesis was also assessed.™!

Progenitor cells and erythropoietin

A study done on 15 normal controls and 45 type 2
diabetic patients by Lee et al. showed the elevated levels
of circulating Endothelial Progenitor Cells (EPCs) and
serum erythropoietin (Epo), VEGF, and substance P which
may be involved in the progression of DR.*l Brunner ef al.
demonstrated that vasculogenic circulating progenitor cells,
endothelial progenitor cells (EPCs), and mature EPCs have
been associated with the DR progression.™*!

Advanced glycation end products

Al-Mesallamy ef al. examined the circulating levels of soluble
Receptor of Advanced Glycation Endproduct (sRAGE)
in 37 type 2 diabetic patient and 20 age-matched healthy
nondiabetic individuals and found that serum RAGE levels
were significantly lower in patients with NPDR and PDR than
in healthy controls and in those without retinopathy.[*!

Oxidative stress markers in diabetic retinopathy

The levels and the types of serum oxidative stress by-products
(MDA, conjugated diene, AOPPs, protein carbonyl, and 8-OHdG)
have been well documented to have predictive role in DR.*#

Miscellaneous

Caliumi et al. measured the serum adrenomedullin and showed
that it was increased in type 2 diabetic patients and correlated
it with the presence of retinopathy.*! Rhodopsin (RPE65)
miRNA and retinoschisin were used in the assessment of DR
progression, where circulating RPE65 miRNA concentration
was found to be higher and lower level of retinoschisin
was observed in diabetic patients.*?! Abu El-Asrar et al.
showed that the bone-marrow-derived CD133(+) endothelial
progenitor cells and CD14(+) monocytes may contribute to
vasculogenesis in PDR.*”) Serum monomeric 02-macroglobulin
was highly expressed in many diabetic patients as compared
to respective control in a study done by Takada ef al.,*¥ Shiba
et al. demonstrated that vitreous fluid sLR11 level may be a
novel risk factor for the early development of PDR before the
increase in circulating levels in diabetic patients.*’!
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In this hospital-based cohort ofT2Ds, the levels of the
N-terminal fragment of pro-BNP was found to be enhanced. In
a cross-sectional study performed by Blaslov ef al. on 44 patients
with T1DM, it has been observed that serum dipeptidyl
peptidase-4 activity was independently associated with DR.P!
Abhary et al., demonstrated that severe forms of DR was
associated with elevated serum ADMA, SDMA, and L-arginine.*?

Circulating Biomarkers in Age-related
Macular Degeneration

There is a strong biological correlation between
inflammation, oxidative stress, and endothelial dysfunction
in the disease process and progression of age-related macular
degeneration (AMD). As antineovascular therapy is the popular
strategy followed in this condition, developing a predictable
biomarker would be of immense importance for strategizing
therapeutic modalities based on the underlying pathology.

Biomarkers for cellular and vascular function

MicroRNA’s

Szemraj et al. revealed increased expression of miR661 and miR3121
in serum of patients with dry AMD and miR4258, miR889, and Let7
in patients with wet form. Differences in miRNA serum profile
exist between patients with wet and dry form of AMD.!

Matrix metalloproteinase

Chau ef al. determined the plasma MMP-2 and MMP-9 levels
in the AMD patients and their study concluded that plasma
MMP-9 levels were significantly higher in ARMD and CNV
groups compared to that of the control group.!

Circulating endothelial cells and endothelin

Machalinska ef al. showed enhanced circulating endothelial
cells and EPCs (ET progenitor cells) in the AMD patients
compared with the counts in healthy individuals reflects a
severe vascular disturbance.? ET-1 is a potent vasoconstricting

peptide found to be significantly increased in peripheral blood
cells of AMD patients."

Inflammation

A study showed significant elevation of serum concentrations of
IL-1a, IL-1 B, IL-4, IL-5, IL-10, IL-13, and IL-17 in AMD patients
than in controls.””! Guymer et al. also demonstrated that there is
an association between elevated urinary cytokines TGF-f1 and
monocyte chemoattractant protein-1 and AMD.F®! Increased
plasma level of soluble TNF-II was also found to be associated with
AMD.® Lechner ef al. have observed that circulating CD11b(+) cells
and CD16 (hi) HLA-DR(-) neutrophils were found to be increased
significantly in AMD patients when compared to controls.[%]

Pigment epithelium-derived and vascular endothelial growth factors

Machalinska ef al. (2014) reported marked decrease in the PEDF
plasma level in patients with the dry form of AMD, whereas
a significant higher level of PEDF and VEGF was observed in
the wet form of AMD. !l

Oxidative stress

Baskol et al. assessed antioxidant paraoxonase 1 (PONT1) activity
together with MDA levels to evaluate oxidative stress in
patients with AMD, where they have concluded that a negative
correlation between PONT1 activity and MDA levels exists in
patients with AMD.[*

Miscellaneous

A study reported by Seshasai et al. showed that higher serum
leptin level was inversely associated with AMD.® Uehara et al.
evaluated serum soluble Flt-1 in AMD patients.[*! Association of
plasma-sFasL with aging and AMD was studied by Jiang et al.,
and they have observed that plasma sFasL increased with age
and AMD.[® Apart from these, N (epsilon)-carboxymethyllysine
and pentosidine, 2-w-carboxyethylpyrrole ethanolamine
phospholipids, eotaxin-CCR3 (CCL24), vinculin, and cystatin
C were also speculated to be potential biomarkers. 70

Table 1: Biomarkers evaluated for glaucoma

Classification Biomarker

Oxidative Stress

Glutathione Peroxidase, Superoxide Dismutase, Malondialdehyde,

Myeloperoxidase, Total Antioxident Capacity, Serine, Vitamin A & E,
Advanced Oxidation Protein Products (AOPP), Conjugated Diene,
8-hydroxydeoxyguanosin (8-OHdG)

Markers involving the vascular tone and architecture
Vascular

Cyclic guanosine monophophate (cGMP), Nitrite (NO,-), Asymmetric

Dimethylarginine (ADMA), Symmetric Dimethylarginine (SDMA), Nitric Oxide
Synthase (NOS), Endothelin-1

Natriuretic peptides
Markers involving the Immune System
Cytokines and cells

Atrial natriuretic peptide (ANP), Brain natriuretic peptide (BNP)

T cells, IL-2, IL-2R, CD8(+) HLA-DR(+) lymphocytes, CD3(+) CD8(+) lymphocytes,

3 alpha-hydroxysteroid dehydrogenase (3 alpha-HSD, ABC-1 transporters in
leukocytes, soluble CD44,

Immunoglobins and Antibodies

Alpha-fodrin antibodies, anti-HSP60, anti-MBP, anti-14-3-3, IgE receptor (Fc epsilon

RII/CD23), T cell-specific tyrosine kinase, thromboxane A2 receptor, alkaline
phosphatase, Na(+)/K(+)-ATPase

Markers of metabolism and cell cycle
Metabolism

P I CP and P Il NP, Cholesterod-24S-hydroxylase (CYP46A1),

24S-hydroxycholesterol, urine citrate, creatinine , homocysteine

Cell Cycle
Miscellaneous biomarkers
Erythropoietin, prekalikrein/kalikrein, ACE activity

soluble Flt-1 (sFlt-1), soluble fas ligand (sFasL)
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Future/Clinical Perspective

Identification and quantification of typical metabolic signatures
proportional to the pathological changes in the ocular diseases in
blood would be a landmark achievement in future therapeutics.
As of now, the progress done with the research attempts to
isolate and correlate the levels of biomarkers with the progress of
glaucoma, AMD, and DR are inconclusive. Therefore, attempts are
required to titrate the levels of biomarkers found in the patients
with the validated stages during the progression of the disease.

Common biomarkers observed in these ocular disease such as
oxidative stress, inflammation, cell adhesion molecules, etc., show
higher degree of overlap and can show false positive or false
negative value due their nonspecificity. Therefore, identification
of a molecular fingerprint is further complicated due to the size
of affected tissue such as retina and amount of the biomarker
released in the large circulating blood volume needs highly
sensitive assay systems. Such biomarkers would be having specific
diagnostic and prognostic value in the future ocular therapeutics.

Table 2: Biomarkers evaluated in Diabetic Retinopathy

Classification

Biomarker

Oxidative stress

Vascular and inflammatory biomarkers
MicroRNAs
Adhesion Molecules

Inflammation

Vascular
Matrix Metalloproteinases

Circulating Cells

Glycation

Malanoldenyde (MDA), conjugated diene, advanced
oxidation protein products (AOPP), protein carbonyl and
8-hydroxydeoxyguanosin (8-OHdG))

miRNA 126, miRNA146a, miR-21, miR-181c, miR-1179
Intercellular adhesion molecule-1 (cICAM-1), Vascular
cell adhesion molecule-1 (cVCAM-1, Endothelial
Leukocyte Adhesion Molecule-1 (cELAM-1)

Tumor Necrosis Factor (TNF), TNFR-I and TNFR-II
Insulin-Like Growth Factor |, Vascular Endothelial
Growth Factor, C-reactive protein, von Willebrand factor
Angiotensin Converting Enzyme, Pro-renin,

Endothelin -1 (ET-1)

Matrix Metalloproteinases (MMPs), TIMPs, MMP-9,
Transforming Growth Factor-Beta (TGF-beta)
Erythropoietin Progenitor Cells (EPCs),

Erththropoeitin (Epo)

Circulating Progenitor Cells (CPCs), Endothelial
Progenitor Cells (EPCs), Mature EPCs

Advanced glycation end products (AGEs), Soluble receptor AGE (sRAGE)

Miscellaneous

Adrenomodullin, Rhodopsin (RPE65), Retinoschisin, Bone-Marrow-Derived

CD133(+), CD14(+), Soluble LR 11, N-Terminal Fragment of proBrain

Natriuretic Peptide (NT-proBNP), Dipeptidyl peptidase-4 (DPP4), Asymmetric
Dimethylarginine (ADMA), Symmetric Dimethylarginine (SDMA), L-arginine

Table 3: Bio-markers evaluated for Age Related Macular Degeneration

Classification

Biomarker

Oxidative stress

Cellular and vascular function
MicroRNA’s
Lipoproteins
Matrix Metalloproteinases
Circulating cells
Vascular

Inflammation
Inflammasome

Proteins

Miscellaneous
Leptin, soluble Flt-1 (sFlt-1), soluble fas ligand (sFasL),
protein N (epsilon)-carboxymethyllysine, pentosidine,
2-w-carboxyethylpyrrole (CEP), Eotaxin-CCRS3, Cystatin C

Malondialdehyde (MDA), antioxidant paraoxonase 1 (PON1)

miR661 and miR3121, miR4258, miR889, and Let7
Apolipoprotein-containing lipoproteins, Circulating LDL
MMP-2 and MMP-9

CECs and EPCs

ET-1 & NO

Inflammatory cells, IL-1a, IL-1B, IL-4, IL-5, IL-10, IL-13, and IL-17
TGF-B1 and MCP-1, PEDF and VEGF

CD11b+ monocytes, CD200 & CD200 receptor (CD200R)
CD16(hi) HLA-DR(-), C reactive Protein (CRP), CFH402HH
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Conclusion

There are accumulating evidences for the involvement of
circulating or systemic biomarkers which are correlated
with the various upstream and downstream pathological
pathways involve in the development of glaucoma, DR, and
AMD [Tables 1-3]. However, these targets need to be validated
to predict the disease onset, progression of disease, to identify
the individual at high risk to develop the disease, or even to
assess the effects of the treatment.
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