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Abstract
· AIM: To investigate the serum levels of vascular
endothelial growth factor receptor -2 (VEGFR -2) and
adropin in age -related macular degeneration (AMD)
patients.

·METHODS: Ninety -eight AMD patients were included
in the study. Seventy -eight age - and sex -matched
healthy volunteers were recruited as the control group.
Fundus florescein angiography and optical coherence
tomography were performed to assess the posterior
segment details. Serum VEGFR -2 and adropin levels
were measured using enzyme -linked immunosorbent
assays and compared between the study groups.

· RESULTS: AMD group had significantly increased
foveal retinal thickness, serum LDL and HDL levels and
significantly decreased subfoveal choroidal thickness ( =
0.01, 0.047, 0.025 and <0.001, respectively). Serum VEGFR-2
level revealed a significant decrease in AMD patients
compared to controls (26.48依6.44 30.42依7.92 ng/mL,

<0.001). There was an insignificant increase in serum
adropin level in AMD patients (6.17依3.19 5.79依2.71 ng/mL,

=0.4). Serum level of VEGFR-2 in AMD patients had a
significant negative correlation with foveal retinal thickness
( =-0.226, =0.025) and a significant positive correlation
with subfoveal choroidal thickness ( =0.2, =0.048).

·CONCLUSION: The current study demonstrated that
the decreased serum VEGFR-2 level may be considered
in the development of AMD. Adropin does not seem to
play a role in the pathogenesis of AMD.
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INTRODUCTION

A ge-related macular degeneration (AMD) is a chronic
progressive disease leading to visual loss. Most patients

with AMD have the dry type of the disease, however the dry
type AMD can lead to the wet type. Although only about
10% of people with AMD develop the wet type, they make
up the majority of those who have serious vision loss from
the disease. Several pathways have been implicated in the
pathogenesis of AMD. These are lipofuscin accumulation in
retinal pigment epithelium (RPE), choroidal ischaemia and
oxidative damage. In dry type, presence of yellow deposits
(drusen) in the macula and progressive loss of the RPE,
choriocapillaris and photoreceptors occur. In wet type AMD,
choroidal neovascularization (CNV) breaks through to the
neural retina, leaking fluid, lipids and blood and leading to
fibrous scarring.
Recently, attention has been focused on vascular endothelial
growth factor (VEGF) as a therapeutic target. In wet type
AMD, subretinal neovascularization (NV) may originate
from the retina or choroid [1]. The most common form of NV
in AMD is CNV, in which vessels grow from the choroid
into the subretinal space or retina. VEGF-A is a major factor
in the development of CNV [2]. It has two main receptors,
which are receptor tyrosine kinases, designated vascular
endothelial growth factor receptor-1 (VEGFR-1) and vascular
endothelial growth factor receptor-2 (VEGFR-2). VEGFR-2
is known as the major angiogenic receptor for VEGF-A on
endothelial cells [3]. In addition, protective functions are
mediated by VEGFR-2, as are autoregulatory functions of
VEGF-A expression[4-5]. VEGFR-1 regulates VEGF activity in
the vascular endothelium by preventing binding of VEGF to
VEGFR-2[6].
Among the angiogenic factors, VEGF is the most important
contributor to the angiogenesis in AMD patients; however,
there is limited evidence about the role of anti-angiogenic
molecules in AMD [7-8]. Recently, Uehara [9] found
decreased serum VEGFR-1 levels in wet type AMD
compared to dry type and Sharma [10] reported an
association between the serum levels of VEGFR-2 and wet
type AMD.
Adropin was found in 2008 as a secreted protein involved in
energy homeostasis, metabolic adaptation to macronutrients
and modulation of insulin sensitivity and diabetes [11]. Lovren
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[12] reported that adropin may also have non-metabolic
properties including the regulation of endothelial function.
Adropin was expressed in endothelial cells and improved
angiogenesis-related responses. Authors concluded that
adropin potently upregulates VEGFR-2 in endothelial cells
and that gene silencing of VEGFR-2 significantly impaires
the effects adropin had on modulating endothelial cell
survival and function[12].
To date, VEGFR-2 and adropin in subtypes of AMD have not
been investigated in one study. In order to contribute in the
clarification of the involvement of both molecules in AMD,
reviewing previous reports, in this study, we searched for a
relation between the serum levels of VEGFR-2 and adropin
in AMD patients.
SUBJECTS AND METHODS
The study included 98 (51 dry type, 47 wet type) AMD
patients who were recruited from the Ophthalmology
Department of Kirikkale University during 2013.
Seventy-eight healthy age-matched volunteers were enrolled
as control group. Local Ethics Comnittee approved the study
protocol and informed consents were obtained from all
participants. The study was done in adherence to the tenets of
the Declaration of Helsinki.
The exclusion criteria were previous heart disease,
renal/hepatic failure, acute infection, hematologic disorder,
presence of any chronic inflammatory and autoimmune
disease and any known malignancy. AMD group included
patients with dry or wet type AMD. Patients who received
laser photocoagulation or intravitreal drug injection during
the last 6mo were not included into the study.
Each subject underwent a complete ophthalmological
examination including best-corrected visual acuity,
measurement of intraocular pressure and slit lamp

examination. Fundus florescein angiography and optical
coherence tomography were performed to assess the posterior
segment details. Height and weight measurements were used
to calculate the BMI. Peripheral blood samples were obtained
from each participant and serum levels of cholesterol,
triglyceride (TRG), high density lipoprotein (HDL), low
density lipoprotein (LDL), glucose and HbA1c were measured.
Serum adropin levels were measured using an enzyme-linked
immunosorbent assay (ELISA) kit (Phoenix Pharmaceuticals,
Burlingame, CA, USA) according to the manufacturer's
instructions. The catalog number was 032-035. The detection
range of the kit was 0.01 to 100 ng/mL and the sensitivity
was 0.5 ng/mL. VEGFR-2 was also quantified using
commercially available ELISA assays (eBioscience, San
Diego, CA, USA) according to manufacturer's instruction. The
lot number was 87412006 and the sensitivity was 7 pg/mL.
Glucose was evaluated in serum by the glucoseoxidase
method. TRG, cholesterol, LDL, and HDL concentrations
were measured by an automated analyzer using commercially
available kits.
Statistical Analysis Statistical analyses were carried out
using the SPSS statistical software (SPSS for windows 10.0,
Inc., Chicago, USA). One way analysis of variance
(ANOVA) and Student's -test were used for the analysis.
Correlations were performed using Pearson's correlation
coefficient. All data were expressed as mean 依standard
deviation (依SD). A value less than 0.05 was considered
statistically significant.
RESULTS
The demographic characteristics and retinal thickness
measurements of the study groups are listed in Table 1. There
was no statistically significant difference between both
groups in terms of age ( =0.6) and sex ( =0.5). Compared

Table 1 Clinical background and biochemical characteristics of the study groups 
Parameters AMD group Dry type AMD group Wet type AMD group Controls 1P 

Age (a) 73.43±9.18 74.14±8.57 72.66±9.83 72.52±8.53 0.6 
Gender (F/M) 51/47 22/29 28/19 38/40 0.5 
Weight (kg) 76.84±14.11 75.13±13.22 78.72±14.94 80.35±12.71 0.09 
Height (cm) 159.29±11.0 160.45±10.33 158.02±11.74 159.87±9.20 0.7 
BMI (kg/m2) 30.49±5.95 29.33±5.50 31.75±6.21 31.71±6.14 0.1 
HbA1c (%) 6.29±1.01 6.10±0.85 6.50±1.13 6.04±0.73 0.06 
Foveal retinal thickness (µm) 306.80±115.92 261.01±47.17 356.60±145.12 268.81±61.92 0.01 
Subfoveal choroidal thickness (μm) 196.23±69.90 195.37±72.44 197.17±67.81 261.41±61.83 <0.001 
VEGFR-2 (ng/mL) 26.48±6.44 26.82±5.45 26.10±7.41 30.42±7.92 <0.001 
Adropin (ng/mL) 6.17±3.19 5.57±2.60 6.81±3.65 5.79±2.71 0.4 
Total cholesterol  (mg/dL) 207.91±44.60 211.47±35.74 204.04±52.70 204.68±40.72 0.6 
Triglyceride (mg/dL) 149.33±78.36 153.73±88.09 144.55±66.85 211.60±18.48 0.002 
High-density lipoprotein (mg/dL) 52.03±15.51 54.88±18.89 48.94±10.04 47.40±10.42 0.025 
Low-density lipoprotein (mg/dL) 127.57±37.95 128.96±32.14 126.06±43.70 117.19±30.76 0.047 
Glucose (mg/dL) 118.95±48.85 115.65±52.36 122.53±45.03 108.29±27.93 0.08 

AMD: Age-related macular degeneration. 1AMD group vs controls. 
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to controls, AMD group had significantly increased foveal
retinal thickness, serum LDL and HDL levels and
significantly decreased subfoveal choroidal thickness ( =
0.01, 0.047, 0.025 and <0.001, respectively). Table 1 lists the
clinical background and biochemical characteristics of the
two groups.
The study demonstrated that AMD patients had significantly
lower mean serum VEGFR-2 level compared to controls
(26.48依6.44 30.42依7.92 ng/mL, <0.001). Both dry and
wet type AMD patients had significantly lower mean serum
VEGFR-2 levels (26.82依5.45 vs 30.42依7.92 ng/mL, =0.05
and 26.10依7.41 30.42依7.92 ng/mL, =0.003, respectively)
compared to control group. There was not any significant
difference in serum VEGFR-2 level between wet type and dry
type AMD patients (26.10依7.41 26.82依5.45 ng/mL, =0.5).
In comparison to controls, mean serum adropin level was
higher in AMD patients (5.79依2.71 6.17依3.19 ng/mL),
but it did not show a significant difference ( =0.4). We
observed a statistically insignificant decrease in dry type
(5.57依2.60 5.79依2.71 ng/mL, =0.6) and a statistically
insignificant increase in wet type AMD patients (6.81依3.65
5.79依2.71 ng/mL, =0.07) compared to controls. Comparison
of wet type and dry type AMD patients did not reveal any
significant difference in serum adropin levels (6.81依3.65
5.57依2.60 ng/mL, =0.055). Figure 1 presents the serum
levels of VEGFR-2 and adropin in AMD patients versus
controls.
Serum levels of VEGFR-2 in AMD patients had a significant
negative correlation with foveal retinal thickness ( =-0.226,

=0.025) and a significant positive correlation with
subfoveal choroidal thickness ( =0.2, =0.048). Although
the serum adropin concentration was higher in AMD patients
than controls ( =0.4), there was no significant correlation
between serum adropin level and retinal and choroidal
thickness ( =0.059, =0.5 and =-0.127, =0.2).
DISCUSSION
AMD is considered as the main cause of visual loss in the
elderly. In a large epidemiologic study, a quarter of patients
over the age of 75 were found to have some features of
AMD, about 80% of whom have dry type AMD and are at
risk of converting to wet type AMD. The onset of wet type
AMD generally results in sudden vision loss and, if left
untreated, can cause permanent loss of sight. Wet type AMD
accounts for 90% of the blindness attributable to AMD [13]. In
wet type AMD, a major factor in NV which may exert from
the retina or from the choroid is the VEGF. It is present in a
soluble and bound form and interacts with two receptors,
VEGFR-1 and VEGFR-2, to promote angiogenesis and
vascular integrity.
Endothelial cells produce several factors that regulate cellular
adhesion, thromboresistance, smooth muscle proliferation
and vessel wall inflammation. Therefore, endothelial

dysfunction is associated with several pathophysiological
conditions, including atherosclerosis, hypertension and
diabetes[14]. Recent studies supported the emerging concept of
endothelial dysfunction in the course of AMD. Clinical trials
have found a link between endothelial dysfunction and
drusen formation or NV in AMD patients [15]. The protective
role of adropin on the endothelium has been shown
previously [11,15-17]. In this study, we investigated whether the
serum levels of VEGFR-2 and adropin are related to the
development of AMD.
We observed lower concentrations of serum VEGFR-2 in
patients with AMD, particularly in the wet type. Serum level
of adropin was found to be less important in the pathogenesis
of AMD. VEGFR2 is the major positive signal transducer for
both physiological and pathological angiogenesis. The
lowering of circulating VEGFR-2 levels may be explained by
a higher binding of the VEGF to its R2 receptors to form
VEGF-receptor complexes. Soluble isoforms of VEGFR-1
and -2 are detected in blood circulation. These receptors are
able to bind their ligands, thereby controlling their
biodisponibility and inhibiting tumor or ischemia-induced
angiogenesis [18-23]. Generally, circulating receptors inactivate
their ligands by binding with them, since the soluble receptor
does not possess the intracellular domain required to initiate
signaling[24]. Both and studies have shown that
elevated levels of VEGFR-2 has anti-angiogenic activity[25-26].
Therefore, a decrease of serum VEGFR-2 level, the major
proangiogenic signal transducer for VEGF, may be a
physiological response to promote angiogenesis in AMD
eyes, particularly in the wet type. We found a significant
negative correlation between serum levels of VEGFR-2 and
foveal retinal thickness in AMD patients which is a measure
of the disease activation.
In our study, serum VEGFR-2 levels in wet type AMD,
though lower than in dry type, did not produce a statistical
significance. Possible reasons for the insignificant difference
for VEGR-2 levels could be in the ongoing, stepwise process
in AMD pathogenesis. It could be proposed that serum levels
of VEGFR-2 in dry type AMD in our study may be related to
earlier steps of the disease process. Declining serum
VEGFR-2 may be one of the the preliminary events allowing

Figure 1 Serum levels of VEGFR -2 and adropin in AMD
patients versus controls.
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VEGF to activate the proangiogenic endothelial cell state and
to induce permeability. The balance between angiogenic
agent (like VEGF) and the anti-angiogenic factors (like
VEGFR-2), which seems to be impaired in the AMD, and
the degree to which the anti-angiogenic agents are decreased
might have determined the stage of macular degeneration
observed.
VEGFR-2 is activated by VEGF and is the initial pathway in
modulating endothelial cell survival and function. Lovren

[12] showed the functions of adropin including regulation
of angiogenesis and increase in blood flow and capillary
density and reported its potential endothelial protective role.
Wu [27] found lower serum adropin levels in type 2
diabetes patients than in non-diabetic patients and reported
that adropin level was inversely associated with angiographic
severity of coronary atherosclerosis, suggesting that serum
adropin may be a novel predictor of coronary atherosclerosis.
It is hard to conclude that higher serum adropin levels in wet
type AMD patients may be a response to pathological
angiogenesis in these patients or an initial sign of endothelial
dysfunction and atherosclerosis.
In comparison to genetic and environmental factors,
serological biomarkers are less well known in AMD patients.
Various immunological molecules and inflammatory
mediators have been identified at the site of AMD lesions.
Serum markers that have been associated with AMD
development include elevated superoxide dismutase,
C-reactive protein, homocysteine and LDL [28-31]. Lip [7]

found increased plasma VEGF levels in AMD patients
compared with age-matched controls. Interestingly, same
authors did not find any significant difference between dry
and wet AMD cases when compared VEGF values. In a
recent study, Tsai [8] found increased plasma VEGF
levels in AMD patients compared with controls. They found
significantly higher plasma VEGF levels in wet type AMD
compared with dry type AMD. More recent studies have
reported elevated serum VEGFR-2 and reduced serum
VEGFR-1 in patients with neovascular AMD[9-10]. Serum level
of adropin has not been studied in AMD patients yet.
Another issue is the relation of serum level of VEGFR-2 and
adropin to the disease severity. Sydorova and Lee [32]

measured high levels of VEGF in the serum and vitreous of
proliferative diabetic retinopathy and found serum VEGF
levels were higher only in advanced cases (proliferative
vitreoretinopathy). As shown, there are still controversies
regarding the behaviour of the serological biomarkers in
AMD. Surely, an effective biomarker should be simple to
analyze and clinically relevant. Unfortunately, many of the
candidate markers have yet to be standardized. Maybe
sooner, these biomarkers will be important tools for AMD
researches by providing a scale for evaluating disease
progression.

In summary, the decreased serum VEGFR-2 level seems to
be related to the development of AMD. Future researches
should study whether decreasing serum VEGFR-2 level
promote the onset of wet type AMD and how VEGFR-2
levels decrease in these patients. Although adropin does not
seem to play a role in the pathophysiology of AMD, it should
be further studied at molecular levels in AMD patients. As
future studies continue to unravel the molecular biology of
AMD, both our understanding about this debilitating disease
and the treatment approaches will improve.
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