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The concequence of type 1 (T1DM) and type 2 diabetes
mellitus (T2DM) is the development of chronic vascular
complications encompassing micro- as well as macrocircula-
tion. Diabetic retinopathy (DR), microvascular and visually
devastating diabetic complication, is estimated to be the
leading cause of blindness in working-aged adults in the
developed countries, and this upward trend is continuing.
Retinal vascular leakage, inflammation, and neovasculariza-
tion (NV) are the main features of DR. Also, closely linked
to retinopathy are neural changes such as neuronal cell
death, gliosis, microglial activation, and altered glutamate
metabolism. Gaining knowledge of themechanisms of action
of factors influencing retinal neovascularization, as well as
the search for new, effective treatment methods, especially in
advanced stages of DR, puts special importance on research
concentrating on various treatment methods of diabetic
retinopathy [1–3].

This special issue encompasses 16 papers including orig-
inal scientific theses and clinical studies which deepen our
current knowledge by presenting additional DR risk fac-
tors. Apart from this, it presents review papers widening
our knowledge on new, noninvasive diagnostic methods of
testing for diabetic maculopathy as well as on new trends
in the treatment of late vascular complications in adults
and young patients with T1DM and T2DM. The first step
in managing DR is to reduce the risk of its development
and progression by controlling the risk factors such as
hyperglycemia, hypertension, and hyperlipidemia.Therefore,
in the study presented by J. Tołwińska et al. the authors
prove that intensification of insulin therapy in the form of
continuous subcutaneous insulin infusion (CSII) might have
a beneficial effect on reducing the risk of development of early

micro- and macrovascular damage in young patients with
T1DM.They find a significant correlation between the arterial
intima-media thickness (IMT) and flow-mediated dilatation
(FMD) with the metabolic control of diabetes.

In another paper K. Semeran et al. evaluated the bio-
electric function of the retina and the serum levels of
interleukin-17 (IL-17), vascular endothelial growth factor
(VEGF), and adrenomedullin (ADM) in young patients with
T1DM. Interestingly, even before recognizing the fundus eye
changes characteristic for DR, the authors had observed
bioelectric retinal disturbances in adolescent patients with
T1DM.The authors suggest that the presented results provide
new possibilities in diagnosing preclinical chronic diabetic
complications in T1DM patients. The paper by K. Zorena
et al. presents the relationship between serum transform-
ing growth factor beta 1 (TGF-𝛽1) concentrations and the
duration of T1DM in children and adolescents. The authors
show that serum TGF-𝛽1 concentrations and the duration of
the disease are independent risk factors of microangiopathy
development in children and adolescents with T1DM.

Meanwhile B. Urban et al. present the results of endothe-
lial cell density (ECD) and central corneal thickness (CCT)
in adolescent T1DM patients. They discover that the mean
density of corneal endothelium cells in patients with diabetes
was reduced by 18% in comparison to the control group. In
addition, the researchers have shown a significant correlation
between corneal endothelium density and the duration of
diabetes in patients with T1DM.

Two interesting review papers by K. Zorena et al. and
D. Raczyńska et al. included in this special issue discuss the
newest data on biomarkers involved in the risk of devel-
opment and progression of DR in patients with T1DM and
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T2DM and current trends in the monitoring and treatment
of DR in young adults.

An exquisite review paper by B. L. Sikorski et al. provides
knowledge on the new technique the Optical Coherence
Tomography (OCT). OCT is used by the ophthalmologists
to obtain the images of retinal cross-section in patients
with diabetes. The traditional approach to the diagnosis
of DM includes fundus ophthalmoscopy and fluorescein
angiography. Although they’re very useful clinically, these
methods do not contribute much to the evaluation of retinal
morphology and its thickness.That is whyOCT facilitates the
measurement of themacular thickening, quantification of the
diabetic macular oedema, and the detection of vitreoretinal
traction.

Due to its high prevalence, incidence, and risk of
macrovascular and microvascular complications, T2DM is
one of the potentiallymost damaging diseases and the biggest
public health problems at present. Diabetic eye disease with
its complications, especially diabetic retinopathy that leads to
macular edema and retinal neovascularization, is the leading
cause of visual dysfunction and blindness among adult
working-age population in economically developed societies
worldwide. In this special issueM.Tomic et al. and S. Kaštelan
et al. have proven in their original papers that apart from
other known DR risk factors it is also the adipose tissue that
markedly contributes to the chronic, low-grade inflammation
in T2DM patients. The authors examined the correlation
between the inflammatory and clotting markers, endothelial
dysfunction markers, and the anthropometric parameters as
well as their connection with DR in T2DM patients. Their
review paper included in the same issue presents the most
up-to-date knowledge on the pharmacological treatment in
diabetic retinopathy [S. Kaštelan et al.].

Glucagon-like peptide-1 (GLP-1) is a potent glucoincretin
hormone released from intestinal L-cells in response to
the nutrient ingestion. An emerging clinical interest in the
management of T2DM has been shown for GLP-1. In vitro
studies presented by A. Puddu et al. showed that GLP-1/GLP-
1R axis might potentially contribute to the prevention of
retinal pigment epithelium (RPE) cell dysfunction and DR.

The paper of A. Gębka et al. presents an original research
on the effect of oral supplementation with alpha-lipoic acid
(ALA) in patients with T1DM and T2DM. The authors show
that oral supplementation with ALA at a relatively low dose
(300mg once daily) for 3 months maintains functional vision
in T1DM patients and even improves it in T2DM patients.
Authors suggest that supplementation with ALA represents
an achievable adjunct therapy to help prevent loss of vision
in patients with T1DM and T2DM.

This special issue also presents data on the genetic studies
on the DR. The aim of the study by J. Wang et al. was
to investigate whether polymorphisms of the two genes
in the complement pathway, complement factor H (CFH)
and complement factor B (CFB), are associated with DR in
patients with T2DM. The authors report that CFH-rs800292
and CFB-rs1048709 polymorphisms are associated with the
development of DR as well as with its delayed progression.
However, the D. Romaniuk et al. in their preliminary study
present the results of gene expression of insulin-like growth

factor 1 (IGF1), insulin-like growth factor 1 receptor (IGF1R),
and insulin-like growth factors binding protein-3 (IGFBP3)
in epiretinal membranes (ERMs) of patients with PDR. They
suggest That IGF 1 and IGF1R differential expression can be
Involved in the pathogenesis or progression of proliferative
vitreoretinal disorders.

Subsequent studies were presented by A. M. Abu El-
Asrar et al. The authors investigated the correlations between
the levels of brain-derived neurotrophic factor (BDNF) and
the levels of high-mobility group box-1 (HMGB1) in the
vitreous fluid and serum of patients with PDR and in the
retinae of rats with diabetes. They also investigated the
effect of intravitreal administration of HMGB1. The authors
show that blocking HMGB1 signaling pathways might be a
novel therapeutic strategy for neuronal dysfunction in vision-
threatening diabetic retinopathy.

Finally, G. Mohammad et al. investigated the hypoth-
esis that poly-(ADP-ribose) polymerase (PARP) activation
mediates retinal neuropathy by reducing brain-derived neu-
rotrophic factor (BDNF), synaptophysin, and glutamine syn-
thetase (GS) levels in the retina. To test this hypothesis, they
measured the levels of reactive oxygen species (ROS) gen-
eration, PARP, phosphorylated ERK1/2 (p-ERK1/2), BDNF,
synaptophysin, GS, and cleaved caspase-3 in the retina of
diabetic rats. In addition, the authors analyzed whether treat-
mentwith the PARP inhibitor 1,5-isoquinolinediol suppresses
the neurodegenerative changes in the retinas of diabetic
rats. They reported a beneficial effect of the PARP inhibitor
in increasing neurotrophic support and ameliorating early
retinal neuropathy induced by diabetes.

Summarizing, all the data presented and discussed by all
the authors who have contributed to this special issue point to
the new diagnostic as well as therapeutic perspectives of DR.

Acknowledgments

I would like to thank all contributors and reviewers, especially
the Associate Editors of this special issue, Antonela Gverović
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Powstania Styczniowego 9b, 81-519 Gdynia, Poland

3Department of Pediatric Ophthalmology and Strabismus, Medical University of Bialystok, Waszyngtona 17, 15-274 Bialystok, Poland
4Diagnostic and Microsurgery Center of the Eye Lens, Budowlana 3A, 10-424 Olsztyn, Poland
5Department of Otolaryngology, Medical University of Gdańsk, Dębinki 7, 80-952 Gdańsk, Poland
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The diagnosis and treatment of diabetic retinopathy (DR) in young adults have significantly improved in recent years. Research
methods have widened significantly, for example, by introducing spectral optical tomography of the eye. Invasive diagnostics, for
example, fluorescein angiography, are done less frequently.The early introduction of an insulin pump to improve the administration
of insulin is likely to delay the development of diabetic retinopathy, which is particularly important for young patients with type 1
diabetes mellitus (T1DM). The first years of diabetes occurring during childhood and youth are the most appropriate to introduce
proper therapeutic intervention before any irreversible changes in the eyes appear.The treatment ofDR includes increasedmetabolic
control, laserotherapy, pharmacological treatment (antiangiogenic and anti-inflammatory treatment, enzymatic vitreolysis, and
intravitreal injections), and surgery. This paper summarizes the up-to-date developments in the diagnostics and treatment of DR.
In the literature search, authors used online databases, PubMed, and clinitrials.gov and browsed through individual ophthalmology
journals, books, and leading pharmaceutical company websites.

1. Introduction

Diabetesmellitus (DM) is amajor health problemworldwide.
Current studies have revealed a definite global increase in the
incidence and prevalence of diabetes, with the World Health
Organization (WHO) projecting that there will be up to 285
million cases in the year 2025 [1]. Although this increase
is mainly expected in type 2 diabetes (T2DM), a parallel
increase in childhood diabetes, including T1DM and T2DM,
has been reported [2].

The main concern in diabetes is the development of
changes connected with micro- and macrocirculation. In
the course of diabetic microangiopathy, changes that are

clinicallymost important occurwithin the small vessels of the
retina, the kidneys, and the nervous system [3]. Macroan-
giopathy concerns the coronary artery disease, cerebral
stroke, and peripheral artery disease. The changes occur in
medium and large arteries [4].

2. Epidemiology of Diabetic Retinopathy (DR)

Diabetic retinopathy (DR) is a microvascular complication of
diabetes and one of the common causes of visual impairment
and loss of working days inmiddle-aged adults, while cataract
and refractive errors are still the leading cause of blindness in

Hindawi Publishing Corporation
Mediators of Inflammation
Volume 2014, Article ID 492926, 13 pages
http://dx.doi.org/10.1155/2014/492926

http://dx.doi.org/10.1155/2014/492926


2 Mediators of Inflammation

children [5]. DR estimates gradually declined between 1990
and 2004 and then dramatically declined in 2010: it was a
cause of 4,8%of global blindness in 2002, 3,9% in 2004 and 1%
in 2010 [6].The report fromUnited States describes the results
of diabetic patients analysis, which indicated that although
the number of adults with diagnosed diabetes reporting vis-
ual impairment increased, the percentage of adults with diag-
nosed diabetes, who reported visual impairment, declined
significantly, from 23.7% in 1997 to 16.7% in 2010 [7]. The
growth of diabetes and DR is a major concern for developing
countries [8]. In addition, there is a high proportion of
undiagnosed diabetes in developing countries.

3. Prevalence of DR in Young Adults

The 20-year analysis of 1,604 adolescents with T1DM has
shown that the prevalence of retinopathy has continued to
decrease, resulting from better glycemic control [9]. Authors
observed that retinopathywas found in approximately 50% of
adolescents with T1DM after a median duration of 9 years in
the early 1990s, compared with only 12% in recent years.

Nowadays, lower-than-expected prevalence and severity
of DR can be noticed. Lecaire et al. in 2006 observed less
severe DR than expected, with a very low prevalence of
moderate-severe nonproliferative retinopathy (10%) and only
one person was treated of PDR by 14 years’ duration [10].
In contrast, in 1984 at the baseline evaluation in WESDR,
moderate-severe nonproliferative retinopathy was found in
35% of persons and PDR in 25% of persons at 13-14 years’
duration of diabetes [11]. Likewise, Skrivarhaug et al. in 2006
proved low cumulative incidence of PDR in childhood-onset
T1DM during a 24-year follow-up study [12]. Nine out of
every ten patients diagnosed with T1DM developed DR, but
only one out of ten developed PDR within their first 25 years
of diabetes duration, so the cumulative incidence of PDR is
lower than previously reported from other countries. Similar
tendency can be observed in the prevalence of diabetic mac-
ular edema (DME). The Visconsin Epidemiologic Study of
Diabetic Retinopathy showed a reduction in the incidence of
DME in the last period of the 25-year observation of diabetic
patients. A reason for the decline in the incidence of DME
may reflect recent improvement in diabetes care and better
glycemic control [13].

4. Risk Factors for DR

4.1. Duration of Diabetes. Many studies demonstrated that
the determining factor for the development of vascular
complications and ocular changes is the duration of diabetes
[11, 14–17]. 30 years ago inWisconsin Epidemiologic Study of
Diabetic Retinopathy, 996 young patients with T1DM were
examined [11].Within the examined population after 5 or less
years of T1DM duration in 17% features of DR were deter-
mined and in the groupwith over 15 years of diabetes duration
as much as 97.5%. In another research Klein et al. demon-
strated that, among the 271 examined patients with T1DM
diagnosed before the age of 30without symptoms ofDR in the
beginning of this study, after 4 years of diabetes duration as

much as 59% of patients have developed nonproliferative DR
aswell as in 11%of patients frequency of PDR increased to 14%
after 13 years of diabetes duration. Furthermore, DR deterio-
ration occurred in 41% of patients, whereas improvement in
visual acuitywas observed only in 7%of diabetic patients [17].
Simsek et al., while examining 1,032 patients from 12 different
centers in Turkey, detected presence of DR in 1,4% young
patients with T1DM. In examined patients, the presence
of DR was correlated with the age of patients and longer
duration of diabetes [14]. In the patients that we examined,
who suffered from diabetes for over 6 years, there was a large
risk of DR and diabetic nephropathy [18]. However, later in
the research we have determined that it was not for the dura-
tion of diabetes but for the tumor necrosis factor alpha (TNF-
𝛼) that the highest discriminant value was demonstrated
in predicting the development of microangiopathy in youth
with T1DM.

4.2. Genetic Predispositions. The results of the research sug-
gest that the genetic predisposition for the development ofDR
is connected with the presence of HLA DR3/DR4 antigens.
Furthermore, what was demonstrated is the influence of
different allelic forms of cytokine-, chemokine-, and growth
factor coding gene on its functional properties on the level of
transcription, as well as the relation with DR in patients with
T1DM and T2DM. From a diabetologist’s and ophthalmol-
ogist’s perspective, discovering the existence of polymorphic
places in genes coding VEGF and TGF𝛽 cytokines, the aldose
reductase gene, paraoxonase (PON1), and the nitrous oxide
synthase gene was essential [19–25]. An interesting discovery
was made by Ray et al., who analyzed the occurrence of C/G
polymorphism in the promoter region of the VEGF gene in
−460 position [24]. The authors demonstrated that allele C
more frequently appears in patients with PDR rather than
nephropathy. Data from other studies also point to the role
of TGF-𝛽1 gene polymorphism in the pathogenesis of DR.
Beránek et al. have confirmed a more frequent occurrence of
915G/C (R25P) polymorphism in patients with DR compared
to control subjects [25]. At this time, no definite genetic
associations with DR have been consistently reported.

4.3. Arterial Hypertension. According to the current guide-
lines from the International Society for Pediatric and Ado-
lescent Diabetes (ISPAD), young patients with T1DM should
have their arterial blood pressure measured at least once a
year [26]. According to the guidelines from theNationalHigh
Blood Pressure Education Program blood pressure measure-
ment should be an essential part of every visit to the pedia-
trician and/or diabetologist, similarly to full physical exam-
ination, the evaluation of HbA1c concentration, or microal-
buminuria [27]. In recent studies it has been demonstrated
that an insufficient blood pressure decrease at night and an
increased number of improper levels of arterial pressure are
connected with an increased risk of diabetic complications
[28–31]. In the study by Gallego et al., it has been demon-
strated that both systolic and diastolic pressuremay be a prog-
nostic factor for DR [31]. Furthermore, the same authors have
shown that blood pressure increases the probability of earlier
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retinopathy regardless of incipient nephropathy in younger
patients with T1DM [31].

4.4. Obesity in Children and Youth. The childhood obesity
epidemic has become one of the most challenging problems
of themodern society, mostly for its clinical and social conse-
quences [32, 33]. Bodymass index (BMI=weight in kg/height
in m2) is the most widely used parameter to assess obesity.
Adults are considered obese if BMI ≥ 30 kg/m2. BMI changes
with age in children, and therefore absolute cut offs are not
appropriate for them. Instead, childhood obesity is defined as
BMI ≥ 95th percentile, respectively, as per age and gender-
specific BMI references. The pattern of distribution of body
fat is a better determinant of morbidity than BMI alone. Cen-
tral (visceral or abdominal) fat deposition is associated with
a higher risk of cardiovascular disease and diabetes mellitus,
in comparison to gluteal or subcutaneous fat. Waist circum-
ference is generally used as a measurement of central obesity
[34]. In most cases obesity in the developmental age later
develops into adulthood obesity and with its prolonged dura-
tion arterial hypertension, atherosclerosis, ischaemic heart
disease, and retinopathy begin to develop [14, 29, 35, 36].
Similarly to adults, it has been demonstrated that in children a
strict relationship between obesity and arterial hypertension
as well as DR occurs [25, 29, 36]. Simultaneously, with the
increased frequency of obesity in children and adolescents
an increased frequency of disturbances in carbohydrate
metabolism can be observed [35]. Most often biochemical
disturbances occur, which may precede the presence of
T2DM; these include insulin resistance accompanied by
hyperinsulinism and improper blood glucose curve in oral
glucose tolerance test (OGTT). In the research done by Sinha
et al. [35], impaired glucose tolerance was noted in 21%
of obese children aged 11–18 and in 25% of obese children
aged 4–10. Patients with overweight or with obesity are
subject to increased risk of suffering from dyslipidemia. Lipid
disturbances occur in 12–17% of children with overweight. In
the studies by Jago et al., it has been determined that in chil-
dren with overweight and obesity low concentration of HDL
cholesterol and higher level of triglycerides are noted signifi-
cantly more frequently [28]. It is worth noting that obesity is
observable not only in children and adolescents with T2DM
but is also present in children and adolescents with T1DM
[14].

4.5. Disturbances of Lipid Metabolism. The symptom of lipid
disturbances during prolonged DR is the deposition of lipids
i. lipoproteins in the retina, especially in the macula, and
the formation of “hard exudates” (Figure 1). These appear on
the fundus of the eye in the form of dots, spots, or plaques.
The deposition of “hard exudates” in the macula is the main
element in the process of the formation of diabeticmaculopa-
thy [37, 38]. In the study by Minuto et al., conducted on 247
young patients with T1DM, retinopathy was found in 26/247
patients. A significant relationship between retinopathy and
serum triglycerides levels >65mg/dL was found [37]. In
another research a pilot studywas conducted among 222 indi-
viduals with T1DM and 43 with T2DM who participated in
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Figure 1: Image of 28-year-old patient with T1DM and DR (1:
microaneurysms, 2: hemorrhages, and 3: hard exudates).

the SEARCH for Diabetes in Youth study. The prevalence of
DR was 17% for T1DM and 42% for T2DM. LDL cholesterol
was also significantly higher among those with any DR com-
pared with those without DR. This pilot study suggests that,
despite advances in diabetes care, DR remains an important
concern both in terms of research and clinical care. The
authors suggest that further long-term study ofDR in youth is
needed [38].

4.6. Pregnancy. Diabetic retinopathy can worsen during
pregnancy because of the pregnancy itself or due to changes in
metabolic control [8, 39]. Patients with diabetes who are plan-
ning to become pregnant should be encouraged to have their
eyes examined prior to conception; they should be counseled
on the risk of development and/or progression of DR and
should be told tomake every attempt to lower their blood glu-
cose levels as close to normal as possible for their own health
and the health of the fetus [39]. During the first trimester,
another eye examination should be performed; subsequent
followup will depend on the determined level of retinopathy
[8]. Women who develop gestational diabetes do not require
an eye examination during pregnancy, because such individ-
uals are not at increased risk for DR during pregnancy.

4.7. Puberty. In the development of DR more importance is
being given to puberty in young patients with T1DM. One of
the first researches suggested that puberty has no significant
effect on the development of DR [40]. However, since then,
many publications appeared in which the authors deter-
mine that puberty indeed contributes to the development of
late diabetic complications [14, 41–43]. Comparative studies
demonstrate that the development and progression of DR are
faster in the year after puberty. In a detailed analysis, a slower
effect of the development of DR was determined in patients
under 5 years of age, in which the risk of DR increased every
year before puberty and after it. In current studies a relation-
ship between puberty and the frequency aswell as the severity
of DR was observed. Furthermore it has been demonstrated
that higher frequency of DR occurs after puberty than before
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it, regardless of the diabetes duration and metabolic control
[41, 42]. Likewise Harvey in his recent claim determined
that patients after puberty have a 3,2 times greater risk of
retinopathy than patients who were before their puberty [43].
In recent studies conducted on a large group of children with
T1DM it has been determined that DR was present in 1.9% of
pubertal patients and in 0.3% of prepubertal patients [14].

4.8. Smoking Cigarettes. Smoking is a well-known risk factor
for cardiovascular disease in both diabetic and nondiabetic
persons. However, the effects of smoking on DR are unclear.
Some studies have suggested an association, while others
have not [44–46]. In T2DM smoking cigarettes may protect
against the progression of retinopathy in some patients,
despite the fact that it is an independent risk factor for
myocardial infarction and death from cardiovascular disease
in patients with diabetes [45]. Mühlhauser has reviewed this
problem and concluded that association between smoking
and DR remains less consistent than the association between
smoking and nephropathy [46]. Nevertheless, smoking in
young patients with DM should be discouraged.

5. Pathogenesis of DR

Both experimental and clinical studies showed that an essen-
tial role in the pathogenesis of chronic diabetic complications
is played by hyperglycemia. Most publications note that the
damaging action among cells takes place by activating some
metabolic pathways, whereby the nonenzymatic protein gly-
cation is considered to be the most important.

5.1. AdvancedGlycation Endproducts (AGEs). Thepresence of
advanced glycation endproduct is closely related to hypergly-
caemia and its pathobiochemistry could explain many of the
changes observed inDR [47]. AGEs accumulation in thewalls
of vessels leads to their damage. Glication of collagen in base-
ment membrane of retinal capillaries induces its progressive
thickening, vascular lumen narrowing with loss of elasticity,
hypertension, and endothelial dysfunction. Several AGEs
receptors have been identified and RAGE is the best char-
acterized AGE receptor. It is located on endothelial cells,
macrophages and microglia [48]. AGE-RAGE binding on
these cells leads to oxidant stress and activation of the tran-
scription factor NF-𝜅B. NF-𝜅B modulates gene transcription
for endothelin-1, VCAM-1, tissue factor and thrombomod-
ulin [49]. It also regulates release of IL-1𝛼, IL-6, and TNF-𝛼.
In vitro studies have shown that AGE modification of retinal
basement membrane results in loss of pericytes, increased
permeability, and increased retinal endothelial cell prolifer-
ation [47]. Other important features of AGE-induced vascu-
lopathy include effect on coagulation and fibrinolysis, leading
to occlusion and ischaemia as well as induction of growth
factors such as VEGF, resulting in angiogenesis [47].

Many studies indicate that pathophysiological mecha-
nisms leading to the vascular complications of diabetes
include (1) endothelial dysfunction, (2) an activation of the
inflammation cascade, and (3) procoagulant imbalance [50].

Their circulating biomarkers may therefore provide opportu-
nities for early diagnosis and targets for novel treatment of
DR. Circulating biomarkers of these pathways such as TNF-
𝛼, IL-6, C-reactive protein (CRP) (inflammation), vascular
cellular adhesion molecule-1, interstitial cellular adhesion
molecule-1, E-selectin, von Willebrand factor (endothelial
dysfunction), plasminogen activator inhibitor-1, fibrinogen,
P-selectin (procoagulant state), and adiponectin (antiinflam-
mation) may be associated with development of both type
1 and type 2 diabetes complications [50]. Several research
groups, including ours, demonstrated that certain biomarkers
may have independent predictive value. Similarly studies
have shown that these biomarkers may be associated with
development of DR [51, 52].

5.2. Endothelial Dysfunction: VCAM-1, ICAM-1, E-Selectin,
and vonWillebrand Factor. Endothelial dysfunction plays an
important role in the development of DR.The term endothe-
lial dysfunction refers to an impairment of the ability of
the endothelium to properly maintain vascular homeostasis,
and it may be an important determinant of altered vascular
reactivity.Themost critical mediator of endothelium-derived
molecules is nitric oxide (NO) and the earliest and most
important marker of endothelial dysfunction is represented
by a reduction in NO bioactivity [53]. Many biochemical
pathways associated with hyperglycemia can increase the
production of free radicals by reducing the amount of
biologically active NO. The activation of protein kinase C,
nicotinamide-adenine dinucleotide phosphate depletion, and
the formation of AGEs in diabetes cause a decrease of NO
and vascular dysfunction. These events could lead to retinal
vascular endothelial dysfunction and result in increased reti-
nal blood flow and retinal vasodilation. Indeed, an abnormal
retinal vascular response to hyperoxia is associated with the
development of DR [54]. Clinical studies confirmed that
endothelial dysfunction is common in children and adoles-
cents with type 1 diabetes of short duration [55]. The mea-
surement of the serum levels of endothelium-derived cellular
adhesion molecules (CAMs), such as endothelin-1 (ET-1),
intercellular adhesionmolecule (ICAM-1), vascular cell adhe-
sion molecule (VCAM-1), E-selectin and von Willebrand
factor, and endothelium-dependent vasodilation, in addition
to widely used indirect methods are employed to estimate the
degree of endothelial dysfunction [56]. ICAM-1, VCAM-1,
and ET-1 are important markers of endothelial dysfunction
that have been demonstrated to play important roles in the
development of DRP. ICAM-1 and VCAM-1 mediate leuko-
cyte adhesion to the retinal vasculature, one of the earliest
pathological changes in PDR [57]. Leukocyte adhesion to the
retinal vasculature is one of the earliest pathological changes
observed in the development of DR and leads to enhanced
vascular permeability, endothelial cell damage and capillary
nonperfusion [50, 57]. The ICAM-1 level has been shown to
be increased in the diabetic retina, even in the early stages
of retinopathy. Moreover, the administration of neutralizing
anti-ICAM-1 antibodies causes a dramatic reduction in the
incidence of leukocyte-related pathologies in newly diabetic
animals [57]. ET-1 is one of the most potent vasoconstrictor



Mediators of Inflammation 5

molecules causing abnormalities in retinal hemodynam-
ics, thereby contributing to the development of PDR [58].
Increased ICAM-1, VCAM-1, and E-selectin are associated
with nephropathy, retinopathy, and cardiovascular disease in
both T1DM and T2DM [50]. von Willebrand factor (vWF)
is a marker for endothelial dysfunction and mediates platelet
adhesion. Increased vWF was associated with a prolonged
retinal circulation time and reduced retinal blood flow in
early-stage retinopathy of type 1 diabetes [59]. Reduced blood
flow associated with increased vWF levelsmay promote stasis
in the retinal circulation and lead to local hypoxemia. These
changesmight contribute to themicrovascular complications
of diabetes [60].

5.3. An Activation of the Inflammation Cascade. DR is rec-
ognized as a chronic low-grade inflammatory disease. Circu-
lating biomarkers of inflammation include TNF-𝛼, IL-6, and
CRP. Diabetes causes metabolic and physiologic abnormali-
ties in the retina, and these changes suggest a role for inflam-
mation in the development of DR. These changes include
upregulation of iNOS, COX-2, ICAM-1, caspase 1, VEGF,
and NF-kappaB, increased production of nitric oxide, pros-
taglandin E2, IL-1beta, and cytokines, and increased perme-
ability and leukostasis [61]. Diabetic subjects have an overall
increased inflammatory activity compared to nondiabetic
subjects, as demonstrated by increased serum levels of TNF-
𝛼 [62]. Serum TNF-𝛼 concentrations over 1.7 pg/mL may
point to the presence of diabetic microangiopathy in children
and adolescents with type 1 diabetes [18]. TNF-𝛼 and IL-
1𝛽 attenuated the migration and capillary morphogenesis of
retinal endothelial cells. These dysfunctions were associated
with an increased production of reactive oxygen species,
expression of inducible NO synthase, and production of total
nitrate/nitrite. Incubation of retinal ECwithTNF-𝛼 and IL-1𝛽
altered VE-cadherin localization, as well as the expression of
other junctional proteins. In addition, TNF-𝛼 and IL-1𝛽 also
altered the production of various ECM proteins including
osteopontin, collagen IV, and tenascin-C.These changes were
concomitant with the activation of the mitogen-activated
protein kinase (MAPK) and nuclear factor-𝜅B (NF-𝜅B) sig-
naling pathways [63]. IL-1beta accelerates apoptosis of retinal
capillary cells via activation of NF-kappaB, and the process is
exacerbated in high glucose conditions.These studies suggest
a possible role of IL-1beta in the development of retinopathy
in diabetes and offer a possible rationale to test IL-1beta
receptor antagonists to inhibit the development of DR [64].

5.4. Procoagulant Imbalance. Researchers demonstrated a
variety of mechanisms contributing to the thrombotic ten-
dency in patients with DM, such as increased platelet aggre-
gation and adhesion, increased fibrinogenproduction, abnor-
mal levels of clothing factors (VII, VIII, XI, XII, kallikrein,
and vonWillebrand), decreased fibrinolytic activity (through
low levels of t-PA and high levels of PAI-1), and increased
blood viscosity [47, 50, 65]. Decreased levels of antithrombin
III and thrombomodulin were noted in hyperglycemia [66].
These plasma proteins are potent anticoagulants inhibiting
clot formation. Asakawa et al. observed significantly higher

levels of fibrynogen in diabetic patients who had DR and
nephropathy [67].

5.5. Adiponectin. Adiponectin represents an adipocyte-
specific secretory protein modulating endothelial cell func-
tions. Adiponectin has been found to have antiinflammatory,
antiatherogenic, and cardioprotective properties. Morales
et al. noted that adiponectin levels in pediatric type 1 diabetic
subjects did not differ from those of healthy control subjects
[68]. On the contrary, Celi et al. observed that adiponectin
concentrations were higher only in the prepubertal diabetic
children [69]. Many studies have shown higher adiponectin
levels in patients with T1DM compared with patients with
T2DM [52]. Zietz et al. observed that elevated adiponectin
serum levels are associated with DR in patients with T2DM
[70]. The adiponectin concentration was also significantly
higher in patients with T1DM and severe DR than in those
without retinopathy [71].

6. Screening of DR

6.1. Screening of Preclinical DR in Children and Adolescents.
DR is microvascular complication; however, the retina is
primarily neural tissue. Kurtenbach et al. have demonstrated
neuroretinal dysfunction, including delayed multifocal oscil-
latory potentials in patients with diabetes before the appear-
ance of vascular lesions [72]. Similarly, standard multifo-
cal electroretinogram (mfERG) studies have shown delayed
implicit times in patients with diabetes that are exacerbated in
patients with nonproliferative DR [73]. In patients with non-
proliferative DR, localized retinal areas with delayed mfERG
timing have been shown to precede the development of new
vascular lesions [74]. Multifocal ERG showed an increase
in areas of localized neuroretinal dysfunction in adolescents
with type 1 diabetes and no clinically visible DR [75]. Neu-
roretinal dysfunction in patients without clinically detectable
retinopathy can be also detected in blue-on-yellow perimetry
and in contrast sensitivity [76, 77]. Findings from these stud-
ies suggest that measures of localized neuroretinal function
could be useful in detection of the early changes associated
with DR in young diabetic adults.

6.2. Screening for Diabetic Retinopathy in Children and Ado-
lescents. For children with T1DM, the majority of guidelines
recommend first examination to commence at or soon after
puberty [8]. In paediatric DR, annual screening is recom-
mended by many ophthalmologists, with mydriatic stereo-
scopic fundus photography being the most sensitive detec-
tion method [78]. Current guidelines recommend annual
retinopathy screening 2 years after onset (for pubertal-onset
type 1 diabetes) and after 5 years (or age 11, whichever is
earlier) for prepubertal onset [79]. American Diabetes Asso-
ciation and American Academy of Pediatrics guidelines rec-
ommend annual eye exams for children with T1DM who are
older than 10 years, starting 3–5 years after diagnosis [80]. As
the rate of T2DM in children is increasing, the number of
children with complications of diabetes, such as DR, will also
increase.
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7. Detection of DR

Early detection of DR is extremely important in the preven-
tion of visual impairment and in monitoring ocular compli-
cations, especially in young patients with T1DM [81].

The current standard methods to screen DR are the best
correct vision acuity (BCVA) examination, slit lamp biomi-
croscopy, dilated fundus examination with ophthalmoscope,
intraocular pressuremeasurement on patients with glaucoma
risk, andmost importantly digital fundus color photos graded
by trained image graders and fluorescein angiography (FA)
[8].

7.1. Retinal Photography. Retinal photography has been
reported to be the most sensitive screening method for DR.
Ophthalmoscopy has less sensitivity but conversely a higher
specificity. It provides good results in the hands of trained
professionals such as ophthalmologists and diabetologists,
especially when used in repeated examinations [82]. Retinal
photography for DR has been promoted for decades for both
the screening of the disease and in landmark clinical research
studies, such as the Early Treatment Diabetic Retinopathy
Study (ETDRS) [83]. Stereophotography is more reliable for
detecting an increase in retinal thickness, but rather laborious
and time consuming [78]. Systematic review of evidence
suggests that mydriatic photography is the most effective
screening strategy, with high sensitivity (87–97%) and speci-
fity (83–92%) for detection of sight-threateningDR, but it has
several disadvantages (time taken to obtain and interpret the
photographs, the need for dilating drops and its associated
issues related to patient compliance) [8].

7.2. Nonmydriatic Photography. The limitations of mydriatic
photography prompted experts to propose the use of non-
mydriatic retinal cameras for DR screening. Nonmydriatic
digital stereoscopic retinal imaging is a sensitive and specific
method for the screening and diagnosis of DR, which may
help improve compliance with the standards of eye care for
patients with diabetes [84]. The nonmydriatic image capture
with a scanning laser ophthalmoscope provides the addi-
tional benefits of easier operation, no pupil dilation, andmore
rapid acquisition. The limitations of nonmydriatic photogra-
phy forDR screening are noticed in the literature. It should be
noted that when retinal cameras are used without mydriasis,
the technical failure ratesmay be as high as 20–36% [85]. Silva
et al. compared nonmydriatic stereoscopic Optomap ultra-
wide field images with dilated stereoscopic Early Treatment
Diabetic Retinopathy Study 7-standard field 35-mm color
30-degree fundus photographs (ETDRS photography) [86].
Therewere 14 eyes, inwhichOptomap images did not identify
PDR seen on ETDRS photographs. Authors conclude that the
excellent photographic image quality is needed to identify
subtle neovascularization that otherwise can be obscured
easily without sharp focus, optimal illumination, high con-
trast, and good color balance.

7.3. Fluorescein Angiography (FA). The major advantage of
FA over fundus photography is its ability to detect macular
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Figure 2: Retinal thickness map—patient from Figure 1.

ischemia denoted by nonperfusion of the retinal capillaries
and to detect subtle DME as evidenced by fluorescein leakage
from the capillaries [87]. Drawbacks to using FA as a screen-
ing procedure are its invasiveness, time constraints, expensive
equipment, and adverse reactions. Allergic-type reactions
have been reported in patients undergoing FA, although the
incidence of serious complications is rare. In general, the
use of FA is limited to determining method and location of
laser photocoagulation for DME and for assessing the extent
of nonperfusion. It has limited value over photography as a
diagnostic tool and is not recommended for routine use. It is
not needed to diagnose clinically significantMEor PDR, both
of which are diagnosed by means of the clinical examination
[8]. The prolonged followup of diabetic retinopathy in child-
hood demonstrated that the early changes are not necessarily
a negative prognostic factor in the evolution of DR and early
FA is not particularly useful in the management of children
with diabetes [88].

7.4. OCT, RTA, and HRT. The optical coherence tomography
(OCT) is a relatively new test. OCT is a device that has revo-
lutionized the diagnosis of eye diseases. Imaging of ocular tis-
sues in section comparable to histologic pictures is an invalu-
able diagnostic tool in the study of both the anterior and
posterior segments of the eye [89]. With OCT it is possible
to assess DME and vitreoretinal tractions (Figures 2 and 3).
OCT is also easy to perform in young patients. It does not
require mydriasis, takes only a few minutes, and the result is
available immediately after the test.The advantage of the diag-
nostic effectiveness of OCT in macular edema over standard
fundus ophthalmoscopywas rated byHee et al. [90]. Studying
DME, an increase inmeasure of 50% ormore central macular
thickness was observed by OCT, which had been overlooked
during the standard fundus examination.

In the evaluation of macular thickness, measurement
precision was significantly higher for the OCT in comparison
to the retinal thickness analyzer (RTA) in virtually all areas of
the retina. A significant increase in retinal thicknesses in eyes
withmacular edemawas observed in all areas by theOCT, but
only for average foveal thickness by the RTA [91]. Another
method capable for evaluating the macular edema is Retina
Module of the Heidelberg retina tomograph II (HRTII),
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Figure 3: SD-OCT of the patient with T1DM and vitreomacular
traction syndrome.

which not only detects morphological changes, but also
relates to functional changes [92].

8. Treatment of DR

The treatment of DR includes increased metabolic con-
trol, laserotherapy, farmacological treatment (antiangiogenic
and anti-inflammatory treatment, enzymatic vitreolysis, and
intravitreal injections), and surgery.

8.1. Increased Metabolic Control. Primary interventions such
as intensive glycemic control, strict blood pressure regulation,
and lipid-modifying therapy can significantly reduce the risk
of retinopathy occurrence and progression [93]. Close coop-
eration between the diabetologist and the ophthalmologist is
crucial for the success of diabetic complications treatment.

Continuous subcutaneous insulin infusion (CSII), often
called insulin pump therapy, was introduced in the 1970s as a
way of achieving and maintaining strict control of blood glu-
cose concentrations in people T1DM.Theuse of insulin pump
can effectively improve the mean glucose values and reduce
the percentage of HbA1C and therefore reduces or delays
DR. Insulin pumps appear to offer potential benefit overmul-
tiple daily injections (MDI) [94]. Although several studies
demonstrated a reduced risk of microvascular complications
in adults and adolescents treated with intensivemanagement,
the association between intensive treatment regimens (CSII
or MDI) and improved glycemic control is less clear in
children [94, 95]. Furthermore, there is no evidence demon-
strating a reduced risk of complications in children treated
with CSII or MDI versus 1 to 2 injections per day. There are
very few studies demonstrating a specific benefit of CSII over
MDI on complications in adolescents. Downie et al. proved
that there was a reduced risk of DR in adolescents with type
1 diabetes treated with CSII versus MDI [9]. In the study of
1,604 adolescents with type 1 diabetes, the prevalence of DR
has continued to decrease in parallel with an intensification
ofmanagement. Charles et al. showed that improved glycemic
control fromCSII led to a lower incidence of diabetes compli-
cations, with the most significant reduction in PDR [96].

8.2. Laserotherapy. Currently, laser photocoagulation is the
primary method of treatment for patients with diabetic
retinopathy who are at a high risk of vision loss. The aim of

Figure 4: SD-OCTof the 29-year-old patient with T2DMandDME.

retinal laser photocoagulation is (1) destroying the retina in
areas of vascular hypoperfusion, (2) coagulation of vascular
abnormalities, (3) reduction ofmacular edema, and (4) better
“fixation” of the retina to the choroid [97].

Among the methods of laserotherapy in DR we can dis-
tinguish (1) focal photocoagulation, (2) diffuse (scatter) pho-
tocoagulation, and (3) panretinal photocoagulation [98, 99].
Focal photocoagulation is a popular method of complemen-
tary laserotherapy at every stage of DR. Diffuse laserotherapy
is used in preproliferative DR and in diffuse DME [100]. Pan-
retinal photocoagulation is performed only in patients with
PDR [99, 101]. ETDRS report number 19 showed that laser
photocoagulation significantly reduces severe vision impair-
ment in eyes at high risk [98]. Unfortunately it is not always
effective for improving vision. In many cases laser treatment
can simply maintain vision and avoid further vision loss.
It is established that in about 50% of patients retinopathy
progresses despite laser photocoagulation. The procedure is
uncomfortable, and often repeated treatments are required.
Moreover, laser photocoagulation is an ablative, retinal tissue
destroying procedure, where scars always enlarge over time
leading to decrease in night vision, colour vision, and periph-
eral vision as well as loss of 1 or 2 lines of visual acuity in some
patients [102].

8.3. Anti-VEGF Antibodies, VEGF Inhibitors. Because VEGF
is the key link in stimulating angiogenesis, blocking it
produces effective results and inhibition of VEGFhas become
popular method of the treatment of DR [103]. VEGF is a key
mediator of angiogenesis and the substance responsible for
the interruption of the blood-retina barrier in patients with
DR. Unfortunately, the effect of anti-VEGF is transient and
requires reinjection. Equally good results are also obtained
by treatment with intravitreal administration of ranibizumab
(Lucentis.) and bevacizumab (Avastin) (Figures 4 and 5).
Bevacizumab is a complete full-length humanized antibody
that binds to all subtypes of VEGF and is successfully used
in tumor therapy as a systemic drug [104]. Ranibizumab is a
recombinant humanized antibody fragment against VEGF-A.
It is the first angiogenesis inhibitor approved by the FDA for
the treatment ofDME [105]. According to a recent study com-
paring the efficacy of both drugs in the treatment of DME,
bevacizumab and ranibizumab were associated with similar
effects on the central subfield thickness in patients with DME
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Figure 5: Regression of DME after one anti-VEGF intraocular
injection—patient from Figure 4.

through 1 year of followup. Ranibizumab is associated with
greater improvement in BCVA, while the mean number of
injections is higher in the bevacizumab group [104].The con-
clusions of the multicenter study of ranibizumab in the treat-
ment of DME are promising: after use of ranibizumab in 40–
60% of patients with DME, visual acuity improved by 2 lines
in 23–32% of patients [106]. Ranibizumab-treated eyes with
DMEwere 2-3 times less susceptible to loss of visual acuity as
compared with the laser monotherapy [107].

The latest intravitreal drug used in DME is an aflibercept
known as VEGF Trap-Eye (Eylea). It is a recombinant fusion
protein consisting of portions of human VEGF receptors 1
and 2 extracellular domains fused to the Fc portion of human
IgG1. This VEGF inhibitor has the ability to bind all isoforms
of VEGF and placental growth factor (PlGF) [108]. In phase II
of the da Vinci Study in patients with DME both visual acuity
improvement and good tolerance to the drug were observed
[109].

8.4. Corticosteroids (Intravitreal Injections, Implants). Since
inflammation is identified as a relevant mechanism in the
development of DR, significant effort has been directed to the
development of new concepts for the prevention and treat-
ment of DR acting on the inflammatory processes and the
use of pharmacological agents with anti-inflammatory effect.
Due to this fact, intravitreal and subconjunctival injections
or intraocular implants of corticosteroids bring good effects.
These drugs have the ability to inhibit VEGF and other proin-
flammatory factors (e.g., IL-6, IL-8,MCP-1, IP-10, and IFN-𝛾)
[110]. In addition, corticosteroids can block all the various
steps involved in leukostasis, including downregulating the
selectins and integrins [111]. Their spectrum of activity is
wider than that of anti-VEGF. As shown in animal tests anti-
VEGF drugs do not block, for example, the proinflammatory
effects of IL-1𝛽 and TNF-𝛼 [112]. Major adverse effects of
intravitreal corticosteroids include the induction or worsen-
ing of cataracts and elevated intraocular pressure [112, 113]. It
is worth noting that due to the administration of the drugs
directly into the eye systemic corticosteroid side effects are
avoided. Triamcinolone acetate is administered intravitre-
ally either “off label” or as registered Triesence preparation
(40mg/mL, Alcon) and Trivaris (80mg/mL, Allergan). As
numerous studies have shown, it improves visual acuity,

inhibits neovascularization, and delays development of the
disease [114].

Implants. Implants are either longer-acting and nonre-
sorbable (fluocinolone acetonide implants) or shorter-acting
and resorbable (dexamethasone implants). At this time, no
steroid is approved by the United States Food and Drug
Administration (FDA) for the treatment of DME.

At present, there are several implants available.
Retisert (Bausch & Lomb) is an intraocular nonde-

composing biological implant. The active substance releases
fluocinolone acetate up to 3 years at a dose of 0.5𝜇g/day.Three
years of research in patients with DME showed improvement
in visual acuity and the lack of progress of DR [115]. During
the test the efficacy of Retisert in DME patients showed the
total disappearance of diabetic macular edema after implan-
tation in 53.7% of patients compared with 28.6% in patients
who did not receive corticosteroids.

I-vation (SurModics, Inc.) is a helix with a length of 5mm
releasing triamcinolone acetonide and implanted into the eye.
Phase I of clinical trials has been completed. According to the
manufacturer the possible duration of the spiral can be from
1 month to 3 years. The spiral can serve as carrier for various
other drugs for DR therapy [116].

Iluvien (Alimera Sciences) is an injectable, nonerodible,
fluocinolone acetonide implant that is approved in several
European countries for the treatment of DMO. It can be
injected into the back of the eye and is biodegradable. Each
implant provides a therapeutic effect of up to 36months [117].

Ozurdex (Oculex Pharmaceuticals Inc., Allergan) is an
extended-release biodegradable dexamethasone intravitreal
implant.The drug is in the formof a stick. InDME clinical tri-
als using Ozurdex, improvement in visual acuity of 15 letters
was observed in 18.1%of patients receiving a dose of 700𝜇g, as
opposed to 5.7% of patients in the control group [118].

The Verisome delivery system (Icon Biosciences, Inc.) is
a sustained-release drug delivery system. IBI-20089 is an
intraocular sustained release product for the delivery of tri-
amcinolone acetonide. It is administered as a standard intrav-
itreal injection. Formulated as a gel, IBI-20089 forms a sphere
in the posterior segment after intravitreal injection. This
sphere gradually degrades and disappears as the drug is
released in a controlled manner [119].

The Cortiject implant (NOVA63035; Novagali Pharma)
is a preservative and solvent-free emulsion that contains
a proprietary tissue-activated corticosteroid prodrug. As a
prodrug activated at the retinal level, it is intended to effi-
ciently treat macular edema. A single intravitreal injection of
the emulsion provides sustained release of the corticosteroid
over a 6–9-month period. An open-label, phase I, dose-
escalation clinical study to assess the safety and tolerability of
NOVA63035 in patients with diabetic retinopathy is currently
ongoing [120].

8.5. Drugs Involved in Enzymatic Vitreolysis. Formation of
epiretinal membranes (ERM) and vitreoretinal tractions are
often observed in patients with diabetes.They arise as a result
of cell proliferation on the surface of the retina and by
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the deposition of material probably produced by cells. The
epiretinal membranes together with the accompanying vitre-
oretinal tractions are usually the reason for the formation of a
macular hole, macular edema, and retinal detachment [121].
In case of the presence of proliferative lesions, it is pos-
sible to use enzymatic vitreolysis (vitreous body liquefac-
tion). Among the interchangeable enzymes are, for example,
recombinant tissue plasminogen activator (rTPA), hyaluroni-
dase, urokinase, plasmin, ocriplasmin, dyspase, chondroiti-
nase ABC, and collagenase. The first enzyme approved by
the FDA in 2012 for the treatment of vitreoretinal traction
is ocriplasmin (Yetrea, ThromboGenics). It is a recombinant
protease with activity against fibronectin and laminin and
components of the vitreoretinal interface. The MIVI-TRUST
trials have shown that intravitreal injection of ocriplasmin
was superior to a placebo injection in a dissolution of the
vitreoretinal traction [122].

8.6. Surgery. Surgical treatment in severe cases may include
both the anterior and posterior segment of the eye.Within the
anterior segment it may be necessary to remove cataract and
to perform antiglaucoma surgery. Surgery in the posterior
segment of the eye—posterior vitrectomy—is recommended
in the cases of nonabsorbent hemorrhage into the vitreous
cavity, PDR, with, for example, tractional retinal detachment,
proliferation of vitreoretinal membranes (PVR), epiretinal
membrane formation, and vitreoretinal traction syndrome.
To obtain a positive effect during vitrectomy, the vitreous base
is removed, which is a “scaffold” for proliferating membranes
and new vessels [123]. Vitrectomy combined with the admin-
istration of triamcinolone acetonide and laser therapy has a
beneficial effect on both anatomical and functional outcomes
in DME resistant to anti-VEGF [124].

Posterior vitrectomy in advanced cases of PDR is a costly
procedure, difficult, and burdened with high risk. Patients
prepared for this type of operation should be informed of the
prognosis and the possible need to reoperate in the future.
However, in advanced stages of PDR, surgery remains the
only form of treatment.

9. Summary

Care of young adults with diabetes should include an inter-
disciplinary approach of a diabetologist, a pediatrician, and
an ophthalmologist.The patient should be given continuity of
treatment and remain under monitoring. This is particularly
important in T1DM, where the probability of faster devel-
opment of DR is higher. Despite the many new drugs and
surgical techniques, it seems crucial to maintain blood sugar
at the right level. An insulin pumpmaydelay the development
of diabetic retinopathy and decrease the need for an interven-
tion in the eye. Surgical intervention should be undertaken
with caution due to the tendency for an increased proinflam-
matory response in the eyes of children and young adults. In
the case of retinopathy, because of the complex etiology of
diabetes, the combination therapy using a variety of tech-
niques and drugs may be the most effective.
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2Department of Anesthesiology and Intensive Care Medicine, Medical University of Gdańsk, Smoluchowskiego 17,
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The aim of this study was to estimate the effects of oral supplementation of alpha-lipoic acid (ALA) on contrast sensitivity (CS) in
patients with type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM).The study included 12 patients with T1DM aged
43 ± 12 years, 48 patients with T2DM aged 59 ± 10 years, and 20 control subjects aged 33 ± 8 years. Patients from each studied group,
including the control group, were randomly assigned to receive 300mg of ALA orally once daily for 3 months. CS was evaluated
with the Functional Acuity Contrast Test (FACT, Stereo Optical). In the group of patients with T1DM receiving ALA for 3 months
CS remained stable and improved in those with T2DM. Reduction of CS in both T1DM and T2DM patients without alpha-lipoic
acid supplementation was observed. In the control group on alpha-lipoic acid supplementation, CS improvement was noticed at
one spatial frequency. Changes in the CS were observed, despite stable visual acuity and eye fundus image in all studied subjects.
Our study demonstrated that oral administration of alpha-lipoic acid had influence on CS in both T1DM and T2DM patients.

1. Introduction

Diabetic retinopathy (DR) is a chronic and potentially sight-
threatening disease resulting from microvascular damage
to the retina. Oxidative stress and inflammation have been
implicated in the development and progression of this dia-
betic ocular complication, and thus therapies intervening at
the level of pathogenesis are under investigation [1, 2].
Chronic hyperglycemia, which initiates the development of
DR [3, 4], generates reactive oxygen species (ROS) in the
retinal tissue, characterized by high oxygen partial pressure of
oxygen. ROS, mainly superoxide, inactivate glyceraldehyde-
3-phosphate dehydrogenase (GADPH), an enzyme crucial in
the process of glycolysis [5, 6]. This metabolic block directs
substrate flux into biochemical pathways leading to endothe-
lial cell damage. This process constitutes the unifying mech-
anism of hyperglycemia induced cellular damage [7].

Role of inflammation in the pathophysiology of DR has
been highlighted by many researchers in many manuscripts
[8–11].The authors suggest that blood-retinal barrier damage
is due to leukocytes attachment to the vascular epithelium,

whereas oxidative stress, resulting in endothelial-cell dys-
function, induces the expression of adhesion molecules on
the cell surface, such as vascular cell adhesion molecule-1
(VCAM-1) and intracellular adhesion molecule-1 (ICAM-1).
Upregulation of these adhesion molecules appears in early
DR [12]. The featured processes lead to vision impairment in
patients with diabetes. It can be detected by contrast sen-
sitivity (CS) testing, a tool more sensitive than standard
visual acuity measures [13–15]. A few studies demonstrated
impaired CS in patients with type 1 diabetes mellitus (T1DM)
and 2 diabetes mellitus (T2DM) [14, 16].

Current efforts are aimed at therapies focused on normal-
izing the parameters of oxidative stress and inflammation in
DR [17–19]. The beneficial effects of alpha-lipoic acid (ALA)
on experimental diabetic retinopathy [20, 21] prompted us
to explore the potential influence of ALA on appearance and
progression of retinopathy in diabetic patients, by evaluating
their CS.

ALA is a 6,8-dithio-octanoic acid and was first isolated
by Reed and colleagues from bovine liver in 1950 [22]. It is
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Table 1: Clinical characteristics of patients with T1DM, T2DM, and healthy control subjects.

Age (years) Duration of
diabetes (years) HbA1c (%) Insulin

therapy (%)

Oral
hypoglycemic
medications

(%)

Without
diabetic
treatment

(𝑁)

Oral ALA
supplementation

(𝑁)

Complications
(𝑁)

T1DM patients
𝑁 = 12

43 ± 12 19 ± 12 7.4 ± 1.1 100 — — 5 6 with NPDR

T2DM patients
𝑁 = 48

59 ± 10 7 ± 8 7.2 ± 4.8 19 77 4 28

7 NPDR
4 ischemic heart

disease
10 hypertension

4 cataract
2 glaucoma

2 pseudophakia
Healthy control
subjects
𝑁 = 20

33 ± 8 — — — — — 14 —

T1DM: diabetes mellitus type 1; T2DM: diabetes mellitus type 2;𝑁: the number of patients.

an eight-carbon disulphide and contains two thiol groups.
ALA, also known as thioctic acid, in vivo may be oxidized
or reduced. Its reduced form, dihydrolipoic acid (DHLA), is
also biologically active [23]. ALA has an asymmetric carbon,
thus resulting in two isomers: R-enantiomer (R-ALA) and
S-enantiomer (S-ALA). Lipoic acid supplements contain R-
ALA or a racemic mixture of R-ALA and S-ALA. R-ALA is
endogenously synthesized and covalently bound in proteins
to the amino group of lysine, a cofactor for mitochon-
drial dehydrogenase enzyme complex (pyruvate dehydroge-
nase and alpha-ketoglutarate dehydrogenase mitochondrial
enzyme complexes) [24]. Since pyruvate dehydrogenase cat-
alyzes the oxidative decarboxylation of pyruvate to acetyl-
CoA, ALA plays an essential role in pathways generating
energy from glucose in mitochondria [25].

As mentioned before, oxidative stress plays an important
role in the etiology of DR and antioxidants may have a great
contribution in its prophylaxis and treatment. ALA fulfills
criteria for an ideal antioxidant stated by Packer et al. [26]: it is
absorbed from the diet, then becomes converted in cells into
a usable form, and has a low toxicity and both hydrophilic and
hydrophobic properties. Because of amphiphilic character of
ALA, its antioxidant action takes place in the cytosol, in
the plasma membrane, and in the serum and lipoproteins
[24]. As an antioxidant, ALA scavenges ROS and is also
able to regenerate endogenous oxidized antioxidants, such as
glutathione, vitamin C, E, and coenzyme Q10. DHLA has the
capacity to reduce the oxidized forms of these antioxidants
and thus activates them [27].

In light of the above insights, we attempted to investigate
the potential influence of oral supplementation with ALA on
contrast sensitivity in patients with T1DM and T2DM.

2. Materials and Methods

2.1. Studied Subjects. Twelve patients with type 1 diabetes
mellitus (8male, 4 female;mean age 43±12 years; 19±12 years
since diagnosis; HbA

1c7.4 ± 1.1; 11 eyes without DR, 11 eyes

with nonproliferative DR), 48 patients with type 2 diabetes
mellitus (29male, 19 female;mean age 59±10 years; 7±8 years
since diagnosis; HbA

1c7.2 ± 4.8; 71 eyes without DR, 12 eyes
with nonproliferative DR), and the control group represented
by 20 healthy people (5 male, 15 female; mean age 33 ± 8
years; 38 eyes) participated in this prospective study. Diabetes
was diagnosed according to the Polish Diabetes Association
guidelines which correspond with the guidelines of the
American Diabetes Association [28, 29]. All studied patients
underwent a complete ophthalmologic examination, includ-
ing ETDRS chart visual acuity evaluation, slit-lamp biomi-
croscopy, and contrast sensitivity (CS) examination. Exclu-
sion criterion was visual acuity lower than 20/25. All patients
with type 1 diabetes mellitus (T1DM) had negative medical
history of cardiovascular disease, diabetic neuropathy, and
nephropathy, and then no other DR eye complications were
observed during ophthalmoscopic examinations. Among the
ones with type 2 diabetes mellitus (T2DM), 3 patients had
positive medical history of cardiovascular disease and 10
of hypertension. All T2DM patients had negative medical
history of renal disease and diabetic neuropathy. Moreover,
in the T2DM group, 4 patients had early stages of cataract, 2
patients had glaucoma, and two of them had pseudophakia.
77% of T2DM patients were receiving oral hypoglycemic
medications, 19% were on insulin therapy, and 4% were
without diabetic treatment. Clinical characteristics of the
studied patients with T1DM and T2DM as well as the control
subjects are presented in Table 1.

Patients with T1DM and T2DM from each studied group,
including the control group, were randomly assigned to
receive 300mg of ALA orally once daily for 3 months. Five of
the 12 patients with T1DM (3 patients with nonproliferative
DR, 2 patients without DR) received 300mg of ALA orally
once daily for 3 months. Twenty-eight patients with T2DM
(2 patients with nonproliferative DR, 26 patients without DR)
received 300mg of ALA orally once daily for 3 months. In
addition, fourteen of the twenty studied healthy subjects also
received 300mg of ALA orally once daily for 3 months.
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Table 2: Characteristics of contrast sensitivity examinations in T1DM patients with and without ALA supplementation at baseline and after
3 months.

Spatial frequencies
T1DM patients without
ALA supplementation

CS × LC = 48 measurements

T1DM patients with
ALA supplementation

CS × LC = 40 measurements
Baseline After 3 months 𝑃 value Baseline After 3 months 𝑃 value

A-1.5 cpd
Mean. ± SD 6.5 ± 1.5 6.0 ± 1.6 5.6 ± 1.1 5.6 ± 1.2

Range 3.0–9.0 3.0–9.0 𝑃 = 0.009∗∗ 4.0–8.0 3.0–8.0 𝑃 = 0.614

Median 7.0 6.0 5.0 5.0
95% CI [6.1; 7.0] [5.5; 6.4] [5.3; 6.0] [5.2; 5.9]

B-3 cpd
Mean. ± SD 6.0 ± 1.4 5.5 ± 1.6 5.1 ± 1.7 5.0 ± 1.6

Range 2.0–8.0 1.0–9.0 𝑃 = 0.010∗∗ 2.0–8.0 1.0–9.0 𝑃 = 0.770

Median 6.0 6.0 5.0 5.0
95% CI [5.6; 6.5] [5.1; 6.0] [4.5; 5.6] [4.5; 5.5]

C-6 cpd
Mean. ± SD 5.3 ± 2.2 4.8 ± 2.0 4.2 ± 2.2 4.2 ± 2.2

Range 0.0–8.0 0.0–8.0 𝑃 = 0.005∗∗ 0.0–8.0 0.0–8.0 𝑃 = 0.947

Median 6.0 5.0 4.0 4.0
95% CI [4.6; 5.9] [4.2; 5.3] [3.5; 4.9] [3.5; 4.9]

D-12 cpd
Mean. ± SD 3.6 ± 2.6 3.1 ± 2.4 2.9 ± 2.3 2.7 ± 2.3

Range 0.0–8.0 0.0–8.0 𝑃 = 0.020∗∗ 0.0–7.0 0.0–7.0 𝑃 = 0.626

Median 4.0 4.0 3.0 2.0
95% CI [2.8; 4.4] [2.4; 3.8] [2.1; 3.6] [2.0; 3.5]

E-18 cpd
Mean. ± SD 2.1 ± 2.2 2.0 ± 2.0 1.7 ± 1.9 1.5 ± 1.9

Range 0.0–7.0 0.0–5.0 𝑃 = 0.530 0.0–5.0 0.0–6.0 𝑃 = 0.365

Median 1.0 1.5 0.5 0.0
95% CI [1.4; 2.7] [1.4; 2.5] [1.1; 2.3] [0.8; 2.1]

CS × LC: the number of contrast sensitivity measurements of each eye in 4 luminance conditions and under 5 spatial frequencies.
A-1.5, B-3, C-6, D-12, and E-18 cpd: spatial frequencies.
∗∗Statistically significant differences between the baseline examination of T1DM patients without ALA supplementation versus after 3 months.

This study was approved by the Ethics Committee of the
Medical University of Gdańsk (NKBBN/250/2013).

2.2. Contrast Sensitivity Test. Contrast sensitivity (CS) was
evaluated with the Functional Acuity Contrast Test (FACT,
Stereo Optical; USA).This test provides presentation of sine-
wave gratings of different spatial frequencies (1.5, 3, 6, 12,
and 18 cycles per degree (cpd)) with a contrast-level change
step corresponding to 0.15 log contrast sensitivity (logCS).
Following the manufacturer’s recommendation, the testing
distance was 6m for distance. An evaluation of the CS was
done monocularly in all groups as a baseline examination
and controlled after 3 months. The optimum additional
spectacle corrections were used for distance. The CS mea-
surements were performed under 4 chart luminance condi-
tions (LC): 85.0 cd/m2, 3.0 cd/m2, 85 cd/m2 with illumination
135 lux/28 lux, and 3.0 cd/m2 with illumination 135 lux/28 lux.

CS was analyzed first at the photopic level (85.0 cd/m2) and
then under the mesopic level (3.0 cd/m2).

2.3. Statistical Analysis. All statistical calculations were per-
formed using a statistical computer programme STATIS-
TICA version 10.0. The data were checked for adherence to
normal distribution by using the Shapiro-Wilk test. For the
statistical comparison between groups, theMann-Whitney𝑈
test was used. Differences with 𝑃 value less than 0.05 were
considered statistically significant.

3. Results

3.1. Subjects’ Clinical Characteristics. Clinical characteristics
of the studied patients with T1DM and T2DM as well as the
control subjects are presented in Table 1. The study included
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Table 3: Characteristics of contrast sensitivity examinations in T2DM patients with and without ALA supplementation at baseline and after
3 months.

Spatial frequencies
T2DM patients without
ALA supplementation

CS × LC = 132 measurements

T2DM patients with
ALA supplementation

CS × LC = 200 measurements
Baseline After 3 months 𝑃 value Baseline After 3 months 𝑃 value

A-1.5 cpd
Mean. ± SD 5.7 ± 1.7 5.3 ± 1.7 5.8 ± 1.6 5.7 ± 1.5

Range 1.0–9.0 0.0–9.0 𝑃 = 0.000∗∗ 0.0–9.0 1.0–9.0 𝑃 = 0.451

Median 6.0 5.0 6.0 6.0
95% CI [5.4; 6.0] [5.0; 5.5] [5.6; 6.0] [5.5; 5.9]

B-3 cpd
Mean. ± SD 5.0 ± 1.8 4.7 ± 1.9 5.2 ± 1.7 5.3 ± 1.6

Range 0.0–8.0 0.0–9.0 𝑃 = 0.001∗∗ 0.0–8.0 0.0–9.0 𝑃 = 0.7371

Median 5.0 5.0 5.0 5.0
95% CI [4.7; 5.4] [4.3; 5.0] [5.0; 5.5] [5.0; 5.5]

C-6 cpd
Mean. ± SD 3.9 ± 2.3 3.5 ± 2.2 4.3 ± 2.3 4.4 ± 2.1

Range 0.0–9.0 0.0–8.0 𝑃 = 0.001∗∗ 0.0–9.0 0.0–9.0 𝑃 = 0.377

Median 4.0 4.0 5.0 4.5
95% CI [3.5; 4.3] [3.1; 3.9] [3.9; 4.6] [4.1; 4.7]

D-12 cpd
Mean. ± SD 2.1 ± 2.3 2.1 ± 2.1 2.7 ± 2.2 3.0 ± 2.2

Range 0.0–7.0 0.0–7.0 𝑃 = 0.866 0.0–8.0 0.0–9.0 𝑃 = 0.001∗

Median 1.0 2.0 3.0 3.0
95% CI [1.7; 2.5] [1.7; 2.5] [2.3; 3.0] [2.7; 3.3]

E-18 cpd
Mean. ± SD 1.2 ± 1.9 1.1 ± 1.8 1.3 ± 2.0 1.6 ± 2.0

Range 0.0–7.0 0.0–7.0 𝑃 = 0.329 0.0–9.0 0.0–8.0 𝑃 = 0.013∗

Median 0.0 0.0 0.0 0.0
95% CI [0.9; 1.5] [0.8; 1.4] [1.0; 1.6] [1.3; 1.9]

CS × LC: the number of contrast sensitivity measurements of each eye in 4 luminance conditions and under 5 spatial frequencies.
A-1.5, B-3, C-6, D-12, and E-18 cpd: spatial frequencies.
∗Statistically significant differences between the baseline examination of T2DM patients with ALA supplementation versus after 3 months.
∗∗Statistically significant differences between the baseline examination of T2DM patients without ALA supplementation versus after 3 months.

12 T1DMpatients aged 43±12 years and themean duration of
the disease was 19 ± 12 years. In this study group, there were
12 eyes without DR and 12 eyes with nonproliferative DR. In
addition, we also examined 48 patients with type 2 diabetes
mellitus aged 59 ± 10 years, 7 ± 8 years since diagnosis. In
this group, there were 71 eyes without DR and 12 eyes with
nonproliferative DR and the control group was represented
by 20 healthy people aged 33 ± 8 years; 38 eyes participated
in this prospective study. In the tested group, 5 patients with
T1DM were receiving ALA supplementation in the dose of
300mg once daily for 3 months. 28 patients with T2DM as
well as 14 healthy controls were also receiving 300mg of ALA
orally once daily for 3 months (Table 1).

3.2. Effect of Oral Supplementation ALA on CS in Patients
with T1DM. In patients with T1DM who in the tested group
did not receive ALA supplementation, there was statistically

significantly lower contrast sensitivity reported (6.5 ± 1.5
versus 6.0±1.6,𝑃 = 0.009; 6.0±1.4 versus 5.5±1.6,𝑃 = 0.010;
5.3 ± 2.2 versus 4.8 ± 2.0, 𝑃 = 0.005; 3.6 ± 2.6 versus 3.1 ± 2.4,
𝑃 = 0.020) with spatial frequencies A-1.5, B-3, C-6, and
D-12 cpd, respectively. However, no statistically significant
difference in contrast sensitivity (5.6 ± 1.1 versus 5.6 ± 1.2,
𝑃 = 0.614; 5.1 ± 1.7 versus 5.0 ± 1.6, 𝑃 = 0.77; 4.2 ± 2.2 versus
4.2±2.2,𝑃 = 0.947; 2.9±2.3 versus 2.7±2.3,𝑃 = 0.626; 1.7±1.9
versus 1.5±1.9, 𝑃 = 0.365) at the tested spatial frequencies of
A-1.5, B-3, C-6, D-12, and E-16 cpdwas seen in T1DMpatients
who had received ALA supplementation for three months as
compared with the baseline (Table 2).

3.3. Effect of Oral Supplementation ALA on CS in Patients
with T2DM. In the study group of patients with T2DM, who
were not supplemented with ALA at the dose of 300mg once
daily, the reported contrast sensitivity was significantly lower
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Table 4: Characteristics of contrast sensitivity examinations in the control group with and without ALA supplementation at baseline and
after 3 months.

Spatial frequencies

Control group without
ALA supplementation

CS × LC = 44 measurements

Control group with
ALA supplementation

CS × LC = 108 measurements

Baseline After 3
months 𝑃 value Baseline After 3

months 𝑃 value

A-1.5 cpd
Mean. ± SD 6.9 ± 1.6 6.7 ± 1.3 6.7 ± 1.6 6.8 ± 1.2

Range 4.0–9.0 5.0–9.0 𝑃 = 0.318 0.0–9.0 5.0–9.0 𝑃 = 0.465

Median 7.0 7.0 7.0 7.0
95% CI [6.4; 7.4] [6.3; 7.1] [6.4; 7.0] [6.6; 7.1]

B-3 cpd
Mean. ± SD 6.8 ± 1.6 6.7 ± 1.6 6.1 ± 1.5 6.4 ± 1.2

Range 3.0–9.0 3.0–9.0 𝑃 = 0.423 0.0–9.0 3.0–9.0 𝑃 = 0.027∗

Median 6.5 7.0 6.0 7.0
95% CI [6.3; 7.3] [6.2; 7.2] [5.8; 6.4] [6.2; 6.7]

C-6 cpd
Mean. ± SD 5.9 ± 1.8 6.0 ± 1.5 5.4 ± 1.9 5.5 ± 1.7

Range 1.0–9.0 2.0–8.0 𝑃 = 0.414 0.0–8.0 0.0–8.0 𝑃 = 0.399

Median 6.0 6.0 5.0 6.0
95% CI [5.3; 6.4] [5.5; 6.4] [5.1; 5.8] [5.2; 5.8]

D-12 cpd
Mean. ± SD 4.4 ± 2.3 4.5 ± 2.2 4.3 ± 1.9 4.2 ± 1.9

Range 0.0–9.0 0.0–9.0 𝑃 = 0.648 0.0–8.0 0.0–8.0 𝑃 = 0.446

Median 4.0 4.5 4.0 4.0
95% CI [3.7; 5.1] [3.8; 5.2] [3.9; 4.7] [3.8; 4.5]

E-18 cpd
Mean. ± SD 2.9 ± 2.6 2.5 ± 2.4 2.9 ± 2.2 2.6 ± 1.9

Range 0.0–9.0 0.0–8.0 𝑃 = 0.127 0.0–9.0 0.0–7.0 𝑃 = 0.234

Median 3.0 2.0 3.0 2.0
95% CI [2.1; 3.7] [1.8; 3.3] [2.5; 3.3] [2.3; 3.0]

CS × LC: the number of contrast sensitivity measurements of each eye in 4 luminance conditions and under 5 spatial frequencies.
Spatial frequencies: A-1.5, B-3, C-6, D-12, and E-18 cpd.
∗Statistically significant differences between the baseline examination of control group with ALA supplementation versus after 3 months.

(5.7±1.7 versus 5.3±1.7, 𝑃 = 0.000; 5.0±1.8 versus 4.7±1.9,
𝑃 = 0.001; 3.9 ± 2.3 versus 3.5 ± 2.2, 𝑃 = 0.001) at the spatial
frequency of A-1.5, B-3, and C-6 cpd, respectively. However,
no statistically significant difference in contrast sensitivity
was shown (2.1 ± 2.3 versus 2.1 ± 2.1, 𝑃 = 0.866, and 1.2 ± 1.9
versus 1.1 ± 1.8, 𝑃 = 0.329) at the tested spatial frequencies
of D-12 and E-16 cpd, respectively, in T2DM patients who
had not received ALA supplementation in the dose of 300mg
once daily for three months, as compared with the baseline.
On the other hand, in T2DM patients who had received
ALA supplementation in the dose of 300mg once daily for
three months, contrast sensitivity had improved significantly
(2.7 ± 2.2 versus 3.0 ± 2.2, 𝑃 = 0.001, and 1.3 ± 2.0 versus
1.6 ± 2.0, 𝑃 = 0.013), respectively, at the spatial frequencies
of D-12 and E-16 cpd. While examining T2DM patients who
had receivedALA supplementation for threemonths, we have
not though observed any statistically significant difference in

contrast sensitivity (5.8 ± 1.6 versus 5.7 ± 1.5, 𝑃 = 0.451,
5.2 ± 1.7 versus 5.3 ± 1.6, 𝑃 = 0.737, and 4.3 ± 2.3 versus
4.4 ± 2.1, 𝑃 = 0.377) respectively, at the frequencies of A-1.5,
B-3, and C-6 cpd, as compared with the baseline (Table 3).

3.4. Effect of Oral Supplementation ALA on CS in Healthy
Control Subjects. In the control group of healthy volunteers
who had received ALA supplementation in the dose of
300mg once daily for three months, a statistically significant
contrast sensitivity improvement had been observed only at
the spatial frequency B-3 (6.1 ± 1.5 versus 6.4 ± 1.2, 𝑃 =
0.027) as comparedwith the baseline. However, in the healthy
control group, no statistical significance had been obtained
at other tested frequencies after three months as compared
with the baseline, regardless of whether the participants had
received ALA supplementation in the dose of 300mg once
daily (Table 4).
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4. Discussion

So far, there has been little research that would evaluate
the effects of oral treatment of patients with ALA for the
help on CS in patients with T1DM and T2DM. Therefore,
the aim of this study was to estimate the effect of oral sup-
plementation with ALA on CS in patients with T1DM and
T2DM. In the group of patients with T1DM receiving ALA
for 3 months CS remained stable. However, in the group of
patients with T1DM without ALA supplementation, signif-
icant deterioration of CS at spatial frequencies A-1.5, B-3,
C-6, and D-12 cpd was observed. On the other hand, in
T2DM patients on ALA supplementation CS improved after
3 months at spatial frequencies D-12 and E-18 cpd, whereas
the group of T2DM patients not receiving ALA had a
significant CS reduction at spatial frequencies A-1.5, B-3
and C-6 cpd. Previous sparse studies have shown that ALA
and DHLA play a very important role in the treatment of
microvascular dysfunction in patients with diabetes [17–19].
Du et al. showed that oral treatmentwithALA combinedwith
benfotiamine (synthetic vitamin B1) normalized increased
AGE formation and reduced hexosamine pathway activity
and prostacyclin synthesis in patients with type 1 DM [19].
In addition, Lin et al. examined the effect of ALA (R-
enantiomer) at 60mg/kg dose i.p. (5 days per week for 30
weeks) on diabetic rats with experimental DR [20]. Authors
showed that after this treatment the number of acellular
capillaries was significantly reduced and pericyte loss was
inhibited. Moreover, they presented the evidence that ALA
reduces oxidative stress, normalizes increased NF kappa B,
AGE, and RAGE, and reduces VEGF upregulation by 43%
[20]. According to Kowluru and Odenbach, long-term oral
administration of ALA (400mg/kg for 11 months) in diabetic
rats inhibits capillary cell apoptosis and also reduces the
number of acellular capillaries in the retina [30].

Currently, ophthalmologists have a great diagnostic tool
for detection of vision impairment through contrast sensi-
tivity test, a more sensitive instrument than standard visual
acuity measures [14, 15]. In our control group, CS remained
stable among the patients without ALA supplementation,
while a significant CS improvement after 3-month ALA sup-
plementation at spatial frequency 3 cpd was noticed. During
our 3-month study, all studied subjects had stable visual
acuity and eye fundus image; however, changes in the CS
were observed.Moreover, CS improvement afterALA supple-
mentation appeared only in the T2DM group, whether it had
no influence on CS among the T1DM patients. We suggest
that ALA supplementation has improved insulin sensitivity
in patients with T2DM. Other clinical studies, carried out in
patients with type 2 DM, provided evidence that both
intravenous and oral treatment with ALA improve insulin-
stimulated glucose disposal [31, 32]. Moreover, Bucolo
et al. demonstrated that the fortified extract of red berries,
Ginkgo biloba, and white willow bark containing L-carnosine
and ALA may blunt some of the negative effects due to
hyperglycemia, such as inflammation, oxidation, and VEGF
expression in early retinal and plasma changes of diabetic rats
[21].

Our research has shown that oral 3-month supplemen-
tation with ALA at a relatively low 300mg and convenient
once daily dosemaintains functional vision in T1DMpatients
and improves it in T2DM patients. Concurrently, reduction
of CS in both patients with T1DM and T2DM without ALA
supplementation was observed. In the control group on ALA
supplementation, CS improvement was noticed at one spatial
frequency.

In summary, our results suggest that supplementation
with ALA represents an achievable adjunct therapy to help
prevent loss of vision in diabetic patients. Further investiga-
tions are needed to evaluate the influence of oral supplemen-
tation of ALA in patients with T1DM and T2DM.
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Purpose. To evaluate the systemic and local factors that contribute to the damage of endothelial cells in diabetic patients and to
compare the endothelial structure of the cornea in diabetic and nondiabetic patients.Materials and Methods. The endothelial cell
density (ECD) and central corneal thickness (CCT) were investigated in 123 eyes of type 1 diabetic patients and in 124 eyes of
nondiabetic patients.Themean diabetic patients age was 15.34 ± 3.06 years versus 14.58 ± 2.01 years in the control group.Themean
duration of diabetes was 8.02 ± 3.9 years. The corneal endothelium was imaged by the Topcon SP-2000P. Results. The mean ECD
in diabetic eyes was 2435.55 ± 443.43 cells/mm2 and was significantly lower than in control group (2970.75 ± 270.1 cells/mm2). The
mean CCT was 0.55 ± 0.03mm in diabetic group versus 0.53 ± 0.033mm in control group. ECD and CCT significantly correlated
only with duration of diabetes. There was no correlation between ECD and CCT and patient age, sex, HbA1C level, and plasma
creatinine level. Conclusions. ECD is decreased and CCT is increased in children and adolescents with diabetes mellitus. Duration
of diabetes is the factor that affects ECD and CCT.

1. Introduction

The corneal endothelium is a single layer of uniformly
sized cells with hexagonal shape. Their amount decreases by
approximately 0.5%-0.6% (100–200 cells) per year [1]. The
endothelial cell dysfunction is observed in myopia and
in contact lens wearers [2, 3]. The decreasing number of
endothelial cells can also be a result of a surgical injury related
to the opening of the anterior chamber [4]. Many studies
have shown that even minor changes in the morphology of
the endothelial cells may manifest in the disturbances in the
tightness of the endothelial barrier. It has been demonstrated
that human corneal endothelial cells have mitotic ability in
vitro, but in vivo they do not exit the cell cycle but are arrested
in G1 phase [5]. Loss of cells is compensated through the
expanding and spreading of cells, which over time results
in a lack of tightness and corneal oedema. Prevention of
the corneal endothelium dysfunction, its early detection

and immediate treatment are therefore crucial, especially if
the problem concerns young patients. Noncontact specular
microscopy, which evaluates endothelial morphology quickly
and easily, can be especially useful with children.

One of the conditions, which affect the cornea is diabetes.
There aremany reports concerning the analysis of the corneal
endothelium in adults with type 1 and type 2 diabetes [6–9];
however, there are no publications concerning the analysis
of the cornea in juvenile patients with this disease. The aim
of our study was to compare the endothelial cell density and
central corneal thickness in diabetic and nondiabetic patients
and to evaluate the local and systemic factors which may
affect the corneal endothelium in this group.

2. Materials and Methods

The current study was performed at the Department of Pedi-
atric Ophthalmology and Strabismus, Medical University
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of Bialystok, Poland. This investigation received approval
from the University Ethic Committee. For the purpose of
this study we examined 123 eyes of 123 patients with type 1
diabetes (60 boys and 63 girls). The age of diabetic group
was 7–19 years (mean: 15.34 ± 3.06 years).Themean duration
of diabetes was 8.02 ± 3.9 years and ranged from 8 months
to 16 years. All the diabetic patients were divided into three
groups according to diabetes duration: less than 5 years (38
patients), from 5 to 10 years (42 patients), and longer than 10
years (43 patients). 48 persons had bad metabolic control, 37
had moderate metabolic control, and 38 had good metabolic
control. At the time of examination, themean value of HbA1c
in diabetic patients was 8.02 ± 3.9% (range 5.5%–3.2%). Oph-
thalmologic examination in diabetic patients included slit-
lamp examination and binocular indirect ophthalmoscopy
fundus examination.

As controls, 124 eyes of 124 patients (66 boys and 58
girls) were examined. The mean age of the control group was
9–18 years (mean: 14.58 ± 2.01 years). None of the examined
patients had history of ocular disease, topical ocular medica-
tions, or contact lens wear.

Data from the right eye of each patient was used in this
study. The corneal endothelium density (ECD) and central
corneal thickness (CCT) in its central part were diagnosed
using the Topcon SP-2000P endothelial microscope. Several
pictures were taken until a clear image of the endothelium
was obtained.The endothelial cell count was performed using
built-in image analysis software. On clear image 25 cells were
counted manually. CCT was measured automatically. The
image with the analyzed data was then printed out.

The aim of this study was to compare ECD and CCT
in diabetic and nondiabetic patients and to evaluate a
correlation between endothelial cell density, central corneal
thickness, and local factors (presence of retinopathy) and
systemic factors (age, sex, diabetes duration, the level of
HbA1c, and plasma creatinine level).

2.1. Statistical Analysis. TheMann-Whitney test for ECD and
𝑡-test for CCT were used to compare medians in diabetic
and control group. The Kruskal-Wallis test and ANOVA test
were used to compare the values of medians in different
states of metabolic control. Multiple regression analysis was
used to analyze the influence of the set of variables for ECD
and CCT. In the model four continuous variables (age,
diabetes duration, plasma creatinine level, and HbA1c) and
two dummy variables (sex and presence of retinopathy) were
used. In our study the starting model and the final model
received by the use of backward elimination of variables are
presented. The value of multiple R, R2, and 𝑃 value for the
global test that R2 is equal to 0. The normal distribution of
the residuals was verified by the use of Pearson’s chi square
test. The analysis was performed using the PRISM packet.
Differences with 𝑃 value less than 0.05 were considered
statistically significant.

3. Results

A group of 123 children and adolescents with type 1 dia-
betes were examined. The mean duration of diabetes was
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Figure 1: ECD values in patients with diabetes and in the control
group.
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Figure 2: CCT values in patients with diabetes and in the control
group.

8.02 ± 3.9 years. The mean endothelial cell density in
patients with diabetes was 2435.55 ± 443.43 cells/mm2 and
was significantly lower than in the control group (2970.75 ±
270.1 cells/mm2) (𝑃 = 0.0001; Mann-Whitney test). ECD
values in both groups are presented in Figure 1

The mean CCT was 0.55 ± 0.03mm in diabetic group
versus 0.53 ± 0.033mm in control group (𝑃 < 0.0001; 𝑡-test).
CCT values in both groups are presented in Figure 2

In order to determine the systemic and local factors
affecting the corneal endothelium in diabetic patients we
evaluated the correlation of ECD and CCTwith the following
variables: the patients’ age and sex, duration of diabetes,
HbA1c level, plasma creatinine level, and presence of diabetic
retinopathy.

The age of diabetic group was 7–19 years (mean: 15.34 ±
3.06 years).There was no correlation between ECD and age of
diabetic patients (𝑃 value = 0.111).Themean ECDwas 2446 ±
488.3 cells/mm2 in diabetic boys and 2424 ± 394.7 cells/mm2
in diabetic girls, and these differences were not statistically
significant (𝑃 value = 0.99). 38 diabetic patients had good
metabolic control (with HbA1c less than 7%), 37 subjects had
moderate metabolic control (HbA1c from 7% to 8%), and
48 persons had poor metabolic control (HbA1c above 8%).
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Table 1: Mean ECD values in relation to sex, metabolic control, and
duration of diabetes.

Variables ECD (mean ± stand dev.) P value
Sex 0.99a

Male 2446 ± 488.3
Female 2424 ± 394.7

Metabolic control 0.54b

Good 2379 ± 385.3
Moderate 2508 ± 497.2
Poor 2424 ± 444.2

Diabetes duration 0.001b

Up to 5 years 2653.842 ± 436.8
From 5 to 10 years 2396.857 ± 454.8
Over 10 years 2280.442 ± 363.2

aP value for Mann-Whitney test.
bP value for Kruskal-Wallis test.
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Figure 3: ECD values in relation to the duration of diabetes.

Wedidnot observed significant differences in ECD in relation
to metabolic control (𝑃 value = 0.54). The mean duration of
diabetes was 8.02 ± 3.9 years (ranged from 8 months to 16
years). In 38 patients duration of diabetes was shorter than 5
years, 42 persons suffered from diabetes from 5 to 10 years,
and 43 persons had diabetes longer than 10 years. These
differences were statistically significant (𝑃 value = 0.001).The
mean ECD values in relation to sex, metabolic control, and
duration of diabetes are presented in Table 1.

ECD values in relation to the duration of diabetes are
presented in Figure 3.

The mean HbA1c in diabetic patients was 8.26 ± 1.7%
and ranged from 5.5% to 13.2%. There was no significant
correlation between ECD and HbA1c level (𝑃 value = 0.378).
Therewas no correlation between ECDand plasma creatinine
level (𝑃 value = 0.650). We did not observe any correlation
between ECD and the presence of diabetic retinopathy (𝑃
value = 0.293). Only 5 patients had nonproliferative diabetic
retinopathy (their ECD was 2045.25 ± 240.46 cells/mm2
versus 2452.89 ± 442.75 cells/mm2 in the remaining patients
without retinopathy). The correlation between ECD and
duration of diabetes was statistically significant (𝑃 value
<0.0001) (Table 2).

ThemeanCCT value in patients with duration of diabetes
up to 5 years was 0.539±0.027mm, with duration of diabetes
from 5 to 10 years was 0.551 ± 0.03mm, and with duration
of diabetes over 10 years was 0.558 ± 0.03mm, and the
differences were statistically significant (𝑃 value = 0.0144;
ANOVA test).

Multiple regression analysis for CCT indicated that only
duration of diabetes was significantly related to CCT. The
correlations between CCT and systemic and local factors are
presented in Table 3.

4. Discussion

Corneal changes are diagnosed in about 70% of adult patients
with diabetes [6]. The observed disorders include increased
fragility and damage of the corneal endothelium and recur-
ring erosions and increased sensitivity to injuries [7]. Experi-
mental research discovered abnormal basementmembrane of
the endothelium, a decreased number of hemidesmosomes,
and a prolonged healing of the cornea and its decreased
sensitivity [7]. Many studies confirmed that diabetes causes
abnormalities in morphology and functioning of corneal
endothelium cells. Functional disturbances may lead to
increased autofluorescence of the cornea and its increased
penetrability [8, 9]. Morphological changes may result in
a high variability factor of the endothelial cell surface and
decreased percentage of hexagonal cells in corneas in patients
with diabetes, using contact specular microscope, when
compared to healthy patients [8–11]. Although morphology
of the endothelial cells is interesting in diabetic patients, the
limitations of Topcon 2000 are obvious (pleomorphism and
polymegathism could not be assessed, and hexagonality was
also not available). The existing research data encouraged us
to examine the corneas in children and adolescents with this
chronic illness.

We have established that the mean density of corneal
endothelium cells in patients with diabetes was reduced—in
comparison with the control group—by 18%. Similar results
were obtained by Roszkowska et al., who after examining
75 adults with type 1 and type 2 diabetes noted the ECD
decreased by 5% in type 2 diabetes, and by 11% in type 1
when compared with healthy persons [10]. Lower endothe-
lial cell counts were also proved by Sudhir et al., who
examined 1191 adult patients with type 2 diabetes [12]. The
mean ECD in their study was 2550 ± 326 cells/mm2 versus
2634 ± 256 cells/mm2 in the nondiabetic control group.
In our diabetic group ECD was very similar (2435.55 ±
443.43 cells/mm2) but ECD in our control group was higher
(2970.75 ± 270.1 cells/mm2). We have to remember that our
diabetic and non-diabetic subjects were young: the mean age
in diabetic group was 15.34 ± 3.06 years versus 14.58 ± 2.01
years in control group. Different observations were done by
Furuse et al., who did not demonstrate significant changes
in mean density of corneal endothelium cells in diabetic
subjects, but they only examined patients with type 2 diabetes
[13].

We also analyzed the influence of local and systemic fac-
tors affecting the density of the corneal endothelium in chil-
dren and adolescents with type 1 diabetes. We demonstrated
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Table 2: Multiple regression analysis for ECD.

Standardized regression
coefficient 𝐵 Standard error of 𝐵 Regression coefficient 𝐵 P value

Intercept 2821.953 0.000
Age −0.174 0.109 −25.265 0.111
Diabetes duration −0.344 0.097 −39.150 0.001
Plasma creatinine level 0.050 0.109 164.937 0.650
HbA1c 0.077 0.086 23.911 0.378
Sex 0.032 0.085 28.559 0.703
Retinopathy −0.094 0.089 −210.814 0.293

FINAL MODEL
Intercept 2810.733 0.000
Diabetes duration −0.411 0.083 −46.783 <0.0001

Table 3: Multiple regression analysis for CCT.

Standardized regression
coefficient 𝐵 Standard error of 𝐵 Regression coefficient 𝐵 P value

Intercept 0.524 0.000
Age −0.048 0.115 0.000 0.680
Diabetes duration 0.293 0.103 0.002 0.005
Plasma creatinine level −0.012 0.116 −0.003 0.919
HbA1c 0.083 0.092 0.002 0.366
Sex 0.079 0.090 0.005 0.380
Retinopathy 0.013 0.095 0.002 0.893

FINAL MODEL
Intercept 0.532 0.000
Diabetes duration 0.288 0.087 0.002 0.001

a significant correlation between ECD and only the duration
of diabetes. In contrast, Inoue et al. did not find any ocular
and systemic factors that affect the damaging of endothelium
in diabetic patients, but it was type 2 diabetes [14]. The
authors claim that although they did not show the influence
of systemic and ophthalmic factors on the morphology of the
corneal endothelium, due to the chronicity of the disease, the
relation may not occur during the examination but it may
appear some years later. Larsson et al. noticed several changes
in the endothelium in elderly with diabetes, but the observed
anomalies may have been additionally caused by the process
of senescence [9]. Similarly to our study, Lee et al. showed
that ECD in adult diabetic patients was significantly lower for
diabetes with over 10 years of duration than for diabetes of
under 10 years [15].

Like other authors, we did not prove the influence of
sex, the state of metabolic control, and the presence of
diabetic retinopathy on the corneal endothelium [11, 16, 17].
Ziadi et al. did not detect any relation between the level of
glycosylated haemoglobin and the condition of the corneal
endothelium [18]. The patients they have examined had
similar values ofHbA1c (mean 8.2%) to themeanHbA1c level
of our patients (8.01%). They did not detect any influence
of diabetes duration (in contrast to our study) and the
presence of diabetic retinopathy (similarly to our results) on

the corneal endothelium. In the study of Módis et al., the
HbA1c level in adult patients with type 1 diabetes mellitus
was inversely correlated with the ECD, but they did not prove
such correlation in patients with type 2 diabetes mellitus [19].
The authors concluded that type 1 diabetic corneas are more
susceptible to environmental changes than type 2 diabetic
corneas.

We were unable to demonstrate any correlation between
ECD and the presence of diabetic retinopathy. Siribunkum
et al. while examining 64 adult patients with diabetes mel-
litus observed that the severity of diabetic retinopathy was
correlated with endothelial cell density, but these correlations
were low and the corneal changes were not correlated with
glycemic control [17]. Inoue et al. reported that the presence
of retinopathy (proliferative also) as well as laser coagulation
in medical history did not affect the density of corneal
endothelium cells [14]. Recently, the role of growth factors,
CRP, proinflammatory cytokines, or level of lipids has been
emphasised in the pathogenesis of diabetic retinopathy in
children [20, 21]. Their significantly higher blood serum
levels have noxious influence on the tiny blood vessels in
the retina. Specificity of the cornea—first of all lack of
blood vessels—may be one of the reasons, that in many
publications concerning with the corneal endothelium in
diabetic adults, the analysis of the influence of these factors
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was not performed [11, 14, 17–19, 22]. We did not check them
either.

The research done by Roszkowska et al. shows that
the corneal endothelium is a tissue undergoing constant
metabolic stress [10]. In normal endothelial cells, circumfer-
ential bands of F-actin (a major component of the cellular
cytoskeleton) help to maintain the regular and functionally
efficient, hexagonal shape. Kim et al. demonstrated that the
corneas of diabetic individuals showed marked irregular F-
actin fibers crossing the endothelial cell cytoplasm [23].They
suggested, that these abnormal patterns of F-actin may be
the result of constant stress in cell volume regulation in
the corneas of diabetic patients. Kleinzeller and Ziyadeh
showed that dissociation of F-actin fibers either chemically
or osmotically caused massive cellular swelling [24]. They
presumed that this abnormal collocation of F-actin in the
endothelium of diabetics may contribute to altered morphol-
ogy and, in their opinion, the mechanism may be related
to sorbitol accumulation within these cells. Fujishima and
Tsubota claim that in molecular pathogenesis of corneal
changes significant importancemay be given to aldose reduc-
tase, the first enzyme of the sorbitol pathway [25]. Aldose
reductase has been demonstrated immunohistochemically in
the corneal endothelium, and the osmotic stress that occurs
secondary to sorbitol accumulation could lead to altered
endothelial morphology and cell loss [26]. Ohguro et al.
reported that alterations in endothelial morphology resolve
within 3 months after the onset of topical aldose reductase
inhibitor treatment [27].

Other probable reasons of changes in the endothelium
include the glycation of membrane ATPases. The accumu-
lation of advanced glycation end products (AGEs) in the
epithelial basement membrane or in Descemet’s membrane
may play a role in the disorders of diabetic cornea [28].
Kaji et al. showed that AGEs formation on fibronectin
and laminin attenuated the attachment and spreading of
the corneal endothelial cells. They concluded, that AGEs
formation in Descemet’s membrane may be responsible for
the corneal endothelial abnormalities in diabetic patients.
The nextmechanism could decrease Na+/K+-ATPase activity,
which influences the endothelial pump action and induces
the dysfunction of the corneal endothelial cell layer [18, 29].
Disturbances in this pump may lead to changes in corneal
thickness. Thickness of the cornea indirectly informs about
the functioning of the endothelial layer, which plays role as
pump, which is responsible for active dehydration of the
cornea and also has a barrier function. In our study we
demonstrated that CCT was significantly thicker in diabetic
group than in control group. This is in agreement with the
findings of Roszkowska et al. but is in contrast with the
work of Inoue et al. [10, 14]. We also observed significant
correlation between duration of diabetes mellitus and CCT.
Possible explanations for increased corneal thickness in
diabetic patients include (besides inhibition of the corneal
endothelial pump) an increased endothelial permeability,
which result from the metabolic effects of diabetes. Another
reason could be the increased stromal swelling pressure due
to the accumulation of sorbitol or from the glycosylation of
corneal collagen [30].

Evaluating the condition of the corneal endothelium is
important since one of the most frequent reasons of corneal
endothelium cells loss is cataract surgery, and cataract,
besides diabetic retinopathy, is one of the most common
ophthalmic complications of diabetes. The research done
by Mathew et al. shows that the removal of cataract is
exceptionally traumatizing for the endothelium in eyes of
diabetic patients. The diabetic endothelium was found to be
under greatermetabolic stress and had less functional reserve
after manual small incision cataract surgery [31]. It can be
assumed that for children suffering fromdiabetes, an eventual
development of cataract in the future and the necessity for its
surgery may be a factor that significantly increases the risk of
dysfunction of corneal endothelium cells. Shenoy concluded
that evaluation of corneal endothelium in diabetic patients
should be part of the protocol for eye care of diabetic patients
[22].

5. Conclusions

The results of this study may support the theory of lower
endothelial cell density and thicker cornea in children and
adolescents with type 1 diabetes mellitus. Duration of dia-
betes is the factor that affects ECD and CCT and observed
changes could predispose to corneal dysfunction in the
future. Undoubtedly, further observations of greater numbers
of young diabetic patients are essential.
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Purpose. The pathogenesis of diabetic retinopathy (DR) is insufficiently understood but may possibly involve chronic, low-grade
inflammation. The aim of this cross-sectional study was to investigate the relationship between inflammatory and haemostatic
markers, other markers of endothelial dysfunction and anthropometric parameters, and their association with DR in patients with
type 2 diabetes. Methods. According to the DR status patients were divided into three groups: no retinopathy, mild/moderate
nonproliferative (NPDR), and severe NPDR/proliferative retinopathy (PDR). Results. The groups did not differ in the levels of
inflammatory and haemostatic markers, other markers of endothelial dysfunction, and anthropometric parameters. After dividing
the patients according to the level of obesity (defined by BMI, WC, and WHR) into three groups ANOVA showed the differences
in C-reactive protein according to the WC (𝑃 = 0.0265) and in fibrinogen according to the WHR (𝑃 = 0.0102) as well as in
total cholesterol (𝑃 = 0.0109) and triglycerides (𝑃 = 0.0133) according to the BMI. Logistic regression analyses showed that
diabetes duration and prolonged poor glycemic control are the main predictors of retinopathy in patients with type 2 diabetes.
Conclusion. Interrelations between obesity, inflammation, haemostatic disturbance, and other risk factors may possibly play an
important additional role in endothelial dysfunction involved in the pathogenesis of diabetic retinopathy.

1. Introduction

Diabetes is the most frequent endocrine disease in developed
countries and one of the most common noncommunicable
diseases (NCDs) globally, estimated to have affected more
than 371 million people in 2012 and projected to affect 552
million by 2030 [1]. It is the fourth or fifth leading cause
of death worldwide with 4.8 million deaths in 2012, and its
complications account for a significant portion of morbidity,
mortality, and healthcare system cost burdens [1–3]. It is
undoubtedly one of the most challenging health problems in
the 21st century.

Diabetes has many manifestations in the eye, of which
cataract and diabetic retinopathy are the most significant
cause of visual impairment and blindness, and people with
diabetes are 25 times more likely than the general population
to become blind. Diabetic retinopathy (DR), a long-term
microvascular and visually devastating diabetic complica-
tion, is estimated to be the leading cause of new blindness
in working-aged adults in developed countries [4, 5]. Many
epidemiological and clinical trials have proven the impact of
diabetes duration, poor glycemic control, and hypertension
on the prevalence, incidence, and progression of diabetic
retinopathy [6, 7]. Although these factors explain a significant
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portion of the presence and progression of retinopathy
and of the incidence of proliferative retinopathy [8], the
exact pathogenesis of diabetic retinopathy is still insuffi-
ciently understood. Dysfunction of retinal endothelium is
thought to be a possible mechanism as it plays a crucial
role in all stages of diabetic retinopathy [9, 10]. Strategi-
cally located between blood and tissue, healthy endothelium
actively regulates vascular tone and permeability, the balance
between coagulation and fibrinolysis, the composition of the
subendothelial matrix, the extravasation of leukocytes, and
the proliferation of vascular smooth muscle. To perform
these functions, endothelium produces components of the
extracellular matrix and a variety of regulatory mediators.
Functional impairment of endothelial activity precedes the
development of morphological alterations during the pro-
gression of diabetes and its vascular complications. This
endothelial dysfunction results from reduced bioavailability
of the vascular nitric oxide (NO), mainly due to accelerated
NO degradation by reactive oxygen species (ROS). Although
hyperglycemia, insulin resistance, hyperinsulinemia, and
hyperlipidemia independently and/or simultaneously con-
tribute to endothelial dysfunction via several different mech-
anisms [11], systemic inflammation and hemorheological
alterations found in obese diabetic patients may possibly play
an important role in the endothelial dysfunction and in the
etiopathogenesis of diabetic retinopathy [12, 13].

Many studies have documented the association of inflam-
mation, haemostatic disturbance, and endothelial dysfunc-
tion with macroangiopathy in obese nondiabetic individuals
and type 2 diabetic patients [14, 15], but only some of
them have investigated the association of inflammation and
endothelial dysfunction with the prevalence and progression
of diabetic microangiopathy [16, 17].

The aim of the present study was to investigate the
relationship between inflammatory and haemostatic mark-
ers, other markers of endothelial dysfunction and anthro-
pometric parameters, and their association with diabetic
retinopathy in patients with type 2 diabetes.

2. Patients and Methods

This cross-sectional study was performed in collaboration
between the Department of Endocrinology and Metabolic
Diseases and the Department of Ophthalmology of the
University Clinic Vuk Vrhovac Clinical Hospital Merkur in
Zagreb in accordance with the Declaration of Helsinki and
approved by the Hospital’s Ethics Committee. The patients
included in the study received both written and oral informa-
tion about the study and signed a written informed consent.

2.1. Patients. A total of 107 patients with type 2 diabetes
consecutively attending both departments over a six-month
period were included in the study. They were on either oral
hypoglycemic agent (OHA) therapy or insulin therapy. Type
2 diabetes was defined according to the American Diabetes
Association classification [18]. Patients with malignancies,
immunologic, infectious inflammatory diseases, patients
receiving corticosteroids or cytostatics, pregnant women, and

patients with other eye diseases (mature cataract, uveitis, and
age-related macular degeneration) were not included in the
study.

2.2. Methods. Patients who met all inclusion criteria were
invited to participate in the study. At the inclusion visit, the
informed consent formwas signed, blood samples for labora-
tory analyses were collected between 08:00 and 10:00 h after
12 h overnight fast, and complete clinical and ophthalmic
examination was performed.

2.2.1. Marker of Inflammation. C-reactive protein (CRP) was
determined by an automated immunoturbidimetric assay on
an Olympus AU600 analyzer (Olympus Optical Co., Tokyo,
Japan) (reference value < 5.0mg/L) [19].

2.2.2. Marker of Haemostatic Disturbance. Fibrinogen was
measured by the Clauss method (reference values 1.8–4.1 g/L)
[20].

2.2.3. Other Markers of Endothelial Dysfunction. Glycated
hemoglobin value (HbA

1
c), total cholesterol, HDL choles-

terol, LDL cholesterol, and triglycerides were measured.
HbA
1
c was determined at the beginning of the study from a

single venous blood sample, and HbA
1
cmedian was obtained

by statistical analysis of data from the National Registry
for Diabetes (CroDiabNet). The statistical analysis included
HbA
1
c values from venous blood samples taken from each

individual patient at 3-4-month intervals over the past three
years. HbA

1
c was determined by an automated immuno-

turbidimetric assay (reference values 3.5–5.7%) [21]. Total
cholesterol and triglycerides were measured by the enzy-
matic colorimetric tests (reference values: total cholesterol <
5.00mmol/L; triglycerides < 1.70mmol/L) [22, 23].

2.2.4. Anthropometric Parameters. Body mass index (BMI)
as a common index of obesity was calculated by dividing
weight and height squared (kg/m2). Weight was measured
using a balance-beam scale and height was measured using a
wall-mounted stadiometer with patients in their underwear
and without shoes. Recommended value among men was
considered <23 and among women < 22 kg/m2 with a normal
range between 18.5 and 24.9 kg/m2 [24]. Waist circumference
(WC), a direct indicator of abdominal obesity, was measured
in the middle distance between the last floating rib and
the iliac crest (cm). Recommended values were considered
<94 cm (men) and <80 cm (women) [25]. The waist-to-
hip ratio (WHR) as an index of body fat distribution was
determined by dividing waist and hip circumference.The hip
circumference was measured with a measuring tape passing
on femoral trochanters (cm). Suggested values of WHR were
considered as <1.0 (men) and <0.8 (women) [25].

2.2.5. Clinical Parameters. Blood pressurewasmeasuredwith
an ambulatory sphygmomanometric device after a 5min rest,
and a mean of three measurements was used. Hypertension
was defined as blood pressure > 130/80mmHg.
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Table 1: Ophthalmologic parameters of type 2 diabetic patients (𝑛 = 107) divided into three groups according to the diabetic retinopathy
status.

DR group 1
(𝑛 = 65)

DR group 2
(𝑛 = 19)

DR group 3
(𝑛 = 23)

𝐻bChi-
squarec 𝑃

BCVA (decimal)∗ 0.97 ± 0.08 0.92 ± 0.15 0.72 ± 0.37 13.86b 0.001b

Glaucoma∗∗ 11 5 4 0.54c 0.461c

IOP (mmHg)∗ 13.66 ± 1.50 13.58 ± 1.07 13.22 ± 0.95 0.49b 0.487b

Lens∗∗ 20/71/9 5/69/26 9/65/26 7.5c 0.023c

Hypertensive retinopathy∗∗ 31 47 48 3.09c 0.079c
∗mean ± SD, ∗∗percentage, bKruskal-Wallis df = 1, cChi-square test df = 2.
BCVA: best corrected visual acuity; IOP: intraocular pressure; Lens: clear crystalline lens/initial cataract/condition after cataract surgery (an artificial IOL
implanted).

2.2.6. Ophthalmologic Examination. Complete eye examina-
tion included best corrected visual acuity (BCVA), Gold-
mann applanation tonometry, slit lamp biomicroscopy of
the anterior eye segment, binocular indirect slit lamp fun-
doscopy, and fundus photography after mydriasis with eye
drops containing 0.5% tropicamide and 5% phenylephrine.
Color fundus photographs of two fields (macular field,
disc/nasal field) of both eyes were taken with a suitable
45∘ fundus camera (VISUCAM, Zeiss) according to the
EURODIAB retinal photographymethodology [26]: macular
field: positioned in such a way that the exact center of the
optic disc is laid at the nasal end of the horizontal meridian
of the field view; disc/nasal field: such that the optic disc
was positioned one disc-diameter in from the temporal
edge of the field, on the horizontal meridian. EURODIAB
classification scheme was used because it uses two-field 45∘
fundus photography and standard photographs to grade
retinal lesions [26]. In each patient the eye more affected was
graded for diabetic retinopathy using fundus photographs.
Modified Scheie classification of hypertension retinopathy
and classification of hypertension retinopathy by Wong and
Mitchell were used to categorize the retinal vascular changes
caused by hypertension [27, 28].

2.3. Statistical Analyses. For all analyzed variables descriptive
statistics (𝑛, mean ± standard deviation, percentages) were
used. In all analyses 𝑃 value of less than 0.05 was considered
statistically significant. Differences in distributions of con-
tinuous data were determined by ANOVA or Kruskal-Wallis
test. Differences in distributions of categorical data were
evaluated by Chi-square test. The normality of distribution
was tested by Shapiro-Wilks 𝑊 test and homogeneity of
variance by Leven test. To compare analyzed variables (C-
reactive protein, fibrinogen, HbA

1
cmedian, total cholesterol,

and triglycerides) according to the diabetic retinopathy status
and the level of obesity (defined by BMI, WC, and WHR),
ANOVA with two main factors and their interaction was
used [29]. Univariate and multiple logistic regression anal-
yses were used to assess the strength and independence of
associations. All analyses and graphics were performed using
STATISTICA 12.0. [30].

3. Results

This study included 107 patientswith type 2 diabetes (67male,
40 female) with a mean age 66.74 ± 8.01 years and a mean
diabetes duration of 15.05 ± 5.69 years. Forty (37%) patients
were on oral hypoglycemic agents (OHA) and 67 (63%) on
insulin therapy.

The average best corrected visual acuity (BCVA) of
our patients was 0.91 ± 0.22, and the average intraocular
pressure (IOP) was 13.55 ± 1.33mmHg. Nine (8%) patients
were suffering from primary open angle glaucoma (POAG)
and were treated with topical antiglaucomatous therapy. 16
(15%) patients had clear crystalline lenses, 74 (69%) an
initial cataract, and 17 (16%) patients had the condition after
cataract surgery (an artificial IOL implanted). Hypertensive
retinopathy was detected in 40 (37%) patients.

According to the two-field 45∘ color fundus photography
(EURODIAB standards) [26] patients were divided into three
groups: DR group 1—patients with no retinopathy (𝑛 = 65),
DR group 2—patients with mild/moderate nonproliferative
diabetic retinopathy (NPDR; 𝑛 = 19), and DR group
3—patients with severe/very severe NPDR or proliferative
diabetic retinopathy (PDR; 𝑛 = 23).

Ophthalmologic parameters of type 2 diabetic patients
divided according to the diabetic retinopathy status are pre-
sented in Table 1. DR group 3 was found to have significantly
lower best corrected visual acuity (BCVA) than DR group 1
(0.72 ± 0.37 versus 0.97 ± 0.08; 𝑃 = 0.001). The presence
of cataract as well as the condition after cataract surgery
(an artificial IOL implanted) was observed significantly more
often in DR groups 2 and 3 than in DR group 1 (𝑃 =
0.023). Hypertensive retinopathy was observed as marginally
significantmore often inDR groups 2 and 3 than inDR group
1 (𝑃 = 0.079).

Table 2 presents descriptive statistics of basic characteris-
tics, inflammatory and haemostatic markers, other markers
of endothelial dysfunction, and anthropometric and clinical
parameters of type 2 diabetic patients divided according to
the diabetic retinopathy status. DR group 3 had significantly
longer duration of diabetes (19.35 ± 4.60 years versus 13.22 ±
5.08 years; 𝑃 < 0.001) and more often insulin than OHA
therapy (87/13% versus 52/48%; 𝑃 = 0.009) in comparison
with DR group 1.The three groups did not significantly differ
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Table 2: Basic characteristics, inflammatory and haemostatic markers, other markers of endothelial dysfunction, and anthropometric and
clinical parameters of type 2 diabetic patients (𝑛 = 107) divided into three groups according to the diabetic retinopathy status.

DR group 1
(𝑛 = 65)

DR group 2
(𝑛 = 19)

DR group 3
(𝑛 = 23)

𝐹a Chi-
squarec 𝑃

Age (years)∗ 66.31 ± 8.31 68.47 ± 7.11 66.52 ± 7.98 0.543a 0.583a

Sex (m/f)∗∗ 65/35 42/58 74/26 0.28c 0.595c

Diabetes duration (years)∗ 13.22 ± 5.08 16.11 ± 6.01 19.35 ± 4.60 12.498a <0.001a

Therapy (OHA/insulin)∗∗ 48/52 32/68 13/87 7.52c 0.009c

C-reactive protein (CRP)
(mg/L)∗ 3.37 ± 4.14 4.05 ± 3.34 5.36 ± 5.77 1.721a 0.184a

Fibrinogen (g/L)∗ 4.73 ± 1.23 4.75 ± 1.48 4.75 ± 1.09 0.002a 0.998a

HbA1c (%)∗ 6.42 ± 1.06 6.53 ± 1.06 6.70 ± 1.29 0.551a 0.578a

HbA
1
cmedian (%)∗ 6.77 ± 0.76 7.18 ± 0.81 7.31 ± 0.85 2.976a 0.055a

Total cholesterol (mmol/L)∗ 4.96 ± 0.85 4.87 ± 1.27 5.05 ± 1.05 0.178a 0.838a

Triglycerides (mmol/L)∗ 2.14 ± 1.19 2.48 ± 2.41 1.50 ± 0.61 1.230a 0.066a

Body mass index (BMI)
(kg/m2)∗ 30.77 ± 6.06 30.91 ± 5.28 30.12 ± 5.33 0.129a 0.879a

Waist circumference (WC)
(cm)∗ 107.52 ± 14.96 108.21 ± 12.09 107.91 ± 12.28 0.020a 0.980a

Waist-to-hip ratio (WHR)∗ 0.96 ± 0.08 0.96 ± 0.07 0.97 ± 0.07 0.162a 0.851a

Systolic blood pressure
(mmHg)∗ 139.00 ± 22.97 151.32 ± 23.85 144.35 ± 21.18 2.267a 0.109a

Diastolic blood pressure
(mmHg)∗ 82.15 ± 12.90 80.26 ± 15.50 78.70 ± 8.15 0.691a 0.503a

∗mean ± SD, ∗∗percentage, aANOVA df = 2, cChi-square test df = 1.
OHA: oral hypoglycemic agent; HbA1c: glycated hemoglobin value determined at the beginning of the study from a single venous blood sample; HbA1cmedian:
glycated hemoglobin value obtained by statistical analysis of data from the National Registry for Diabetes (CroDiabNet).

in the levels of inflammatory and haemostatic markers, other
markers of endothelial dysfunction, and anthropometric
and clinical parameters, with the exception of marginally
significant difference in HbA

1
cmedian between the DR group

3 and DR group 1 (7.31 ± 0.85 versus 6.77 ± 0.76; 𝑃 = 0.055).
To investigate the specific relationship between the

inflammatory and haemostatic markers, other markers of
endothelial dysfunction, diabetic retinopathy, and obesity,
patients were additionally divided according to the anthro-
pometric parameters (BMI; body mass index, WC; waist
circumference, WHR waist-to-hip ratio,) [24, 25] into three
groups. BMI groups are BMI group 1—patients with BMI ≤
25 kg/m2 (𝑛 = 10), BMI group 2—patients with BMI 26–
29.9 kg/m2 (𝑛 = 48), and BMI group 3—patients with BMI ≥
30 kg/m2 (𝑛 = 49).WCgroups areWCgroup 1—patientswith
WC ≤ 94 (m) or ≤80 (w) cm (𝑛 = 11), WC group 2—patients
withWC95–110 (m) or 81–95 (w) cm (𝑛 = 37), andWCgroup
3—patients with WC ≥ 111 (m) or ≥96 (w) cm (𝑛 = 59).
WHR groups are WHR group 1—patients with WHR ≤ 1.0
(m) or ≤0.8 (w) (𝑛 = 16),WHR group 2—patients withWHR
1.01–1.1 (m) or 0.81–0.9 (w) (𝑛 = 47), and WHR group 3—
patients with WHR ≥ 1.11 (m) or ≥0.91 (w) (𝑛 = 44).

Table 3 presents the differences in C-reactive protein,
fibrinogen,HbA

1
cmedian, total cholesterol, and triglycerides in

type 2 diabetic patients divided into three groups according
to the diabetic retinopathy status and the level of obesity
(defined by BMI,WC, andWHR).The statistically significant
difference in CRP was observed according to the level of WC

(𝑃 = 0.0265), while no significant differences in CRP were
observed according to the DR status, level of BMI andWHR,
or the interaction between the DR status and the level of
obesity. The statistically significant difference in fibrinogen
was found according to the level of WHR (𝑃 = 0.0102),
while no significant differences in fibrinogen were found
according to the DR status, level of BMI and WC, or the
interaction between theDR status and the level of obesity.The
significant difference in HbA

1
cmedian was observed according

to the DR status (𝑃 = 0.0312), while there were no significant
differences according to the level of obesity or interaction of
DR status and the level of obesity. The significant differences
in total cholesterol and triglycerides were observed only
according to the level of BMI (total cholesterol 𝑃 = 0.0109;
triglycerides 𝑃 = 0.0133), while there were no significant
differences according to theDR status, level ofWCandWHR,
or interaction between DR status and the level of obesity.
Statistically significant differences observed by ANOVA with
two main factors and their interaction are presented in
Figure 1.

Univariate and multiple logistic regression analyses
showed that diabetes duration, insulin therapy, and pro-
longed poor glycemic control (HbA

1
cmedian) were the main

predictors of retinopathy in patients with type 2 diabetes
(Table 4). The increasing prevalence of retinopathy was sig-
nificantly associated with longer duration of diabetes (OR =
1.17, 95% CI 1.08–1.27), even after adjustment for age and sex
(AOR = 1.2, 95% CI 1.1–1.32). Insulin therapy, not obligatory
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Figure 1: Vertical bars denote 0.95 confidence intervals. BMI: body mass index (kg/m2); WC: waist circumference (cm); WHR: waist-to-hip
ratio. Statistically significant differences in C-reactive protein, fibrinogen, HbA

1
cmedian, total cholesterol, and triglycerides in type 2 diabetic

patients divided into three groups according to the diabetic retinopathy status and the level of obesity defined by BMI, WC, and WHR.

Table 3: Differences in C-reactive protein, fibrinogen, HbA1cmedian, total cholesterol, and triglycerides in type 2 diabetic patients divided into
three groups according to the diabetic retinopathy status and the level of obesity defined by BMI, WC, and WHR.

CRP Fibrinogen HbA
1
cmedian Total cholest. Triglycerides

df 𝐹 𝑃 𝐹 𝑃 𝐹 𝑃 𝐹 𝑃 𝐹 𝑃

BMI 3 groups 1 0.660 0.4184 0.003 0.9588 2.877 0.0930 6.734 0.0109 6.353 0.0133
DR 1 1.711 0.1939 0.157 0.6927 4.776 0.0312 1.132 0.2899 0.986 0.3231
BMI 3 gr. ∗ DR 3 0.335 0.7997 0.878 0.4552 1.231 0.3025 0.938 0.4254 2.197 0.0932
WC 3 groups 1 5.077 0.0265 1.287 0.2593 0.763 0.3846 0.010 0.9217 0.676 0.4130
DR 1 2.395 0.1249 0.662 0.4180 3.479 0.0651 0.268 0.6057 0.891 0.3476
WC 3 gr. ∗ DR 3 0.320 0.8108 1.971 0.1233 0.142 0.9345 0.533 0.6604 1.063 0.3686
WHR 3 groups 2 2.536 0.0844 4.809 0.0102 0.790 0.4566 1.666 0.1943 1.697 0.1885
DR 2 2.163 0.1204 1.198 0.3063 2.875 0.0612 0.658 0.5200 1.795 0.1716
WHR 3 gr. ∗ DR 4 1.639 0.1704 1.061 0.3799 1.769 0.1411 0.341 0.8499 1.009 0.4065
DR: diabetic retinopathy; BMI: body mass index (kg/m2); WC: waist circumference (cm); WHR: waist-to-hip ratio; CRP: C-reactive protein; HbA1cmedian:
glycated hemoglobin value obtained by statistical analysis of data from the National Registry for Diabetes (CroDiabNet).
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Table 4: Odds ratios (95% CIs) for diabetic retinopathy associated with basic characteristics, inflammatory and haemostatic markers, other
markers of endothelial dysfunction, and anthropometric and clinical parameters in type 2 diabetic patients (𝑛 = 107).

OR 95% CI (OR) AOR∗ 95% CI (AOR)
Diabetes duration (years) 1.17 1.08–1.27 1.2 1.1–1.32
Therapy (insulin) 3.34 1.38–8.09 3.28 1.34–8.02
C-reactive protein (CRP) 1.07 0.98–1.18 1.08 0.99–1.18
Fibrinogen 1.01 0.74–1.38 0.99 0.71–1.37
HbA1c 1.18 0.83–1.68 1.23 0.85–1.77
HbA1cmedian 1.76 1.08–2.86 1.84 1.10–3.06
Total cholesterol 1.01 0.68–1.51 1.03 0.68–1.57
Triglycerides 0.89 0.69–1.13 0.90 0.70–1.15
Body mass index (BMI) 0.99 0.93–1.06 0.99 0.92–1.07
Waist circumference (WC) 1.00 0.97–1.03 1.01 0.98–1.04
Waist-to-hip ratio (WHR) 1.34 0.01–185.05 7.42 0.14–3806.64
Systolic blood pressure 1.02 1.00–1.03 1.02 1.00–1.04
Diastolic blood pressure 0.98 0.95–1.01 0.98 0.95–1.02
Bold: statistically significant 𝛼 = 0.05, ∗OR adjusted for age and sex.
HbA1c: glycated hemoglobin value determined at the beginning of the study from a single venous blood sample; HbA1cmedian: glycated hemoglobin value
obtained by statistical analysis of data from the National Registry for Diabetes (CroDiabNet).

in type 2 diabetes but often used in patients with prolonged
diabetes duration and poor glycemic control, increased the
prevalence of retinopathy to a significant extent (OR = 3.34,
95% CI 1.38–8.09), even after adjustment for age and sex
(AOR = 3.28, 95% CI 1.34–8.02). The increasing prevalence
of retinopathy was significantly related to prolonged poor
glycemic control (HbA

1
cmedian) (OR = 1.76, 95% CI 1.08–

2.86), being equal after adjustment for age and sex (AOR =
1.84, 95% CI 1.10–3.06).

4. Discussion

Due to its high prevalence, incidence, and risk ofmacrovascu-
lar and microvascular diabetic complications, type 2 diabetes
is one of the potentially most damaging diseases and biggest
public health problems at the present time. Diabetic eye
disease with its complications, especially diabetic retinopathy
which leads tomacular edema and retinal neovascularization,
is the leading cause of visual dysfunction and blindness
among working-aged adults in economically developed soci-
eties worldwide.

As expected, we found a significantly lower visual func-
tion, defined by best corrected visual acuity (BCVA), in the
group of patients with severe NPDR and PDR compared to
the group of patients with no retinopathy. Also, a significantly
more frequent cataract and the condition after cataract
surgery (an artificial IOL implanted) were observed in the
groups of patients with diabetic retinopathy (NPDR and
PDR) as compared to the group of patients with no retinopa-
thy. Some previous studies have found similar results [31,
32]. Pollreisz and Schmidt-Erfurth in their review attribute
this to the activation of the polyol pathway by intracellular
hyperglycemia, which leads to the sorbitol-induced osmotic
stress and occurrence of a typical snowflake diabetic cataract
or earlier senile cataract [32].

The results of logistic regression analyses in our study
are supported by many previous epidemiological and clinical

studies, suggesting that diabetes duration and prolonged poor
glycemic control are the main predictors of the prevalence
and progression of retinopathy in patients with type 2 dia-
betes [5, 33, 34]. We also found insulin therapy to be among
themain predictors of retinopathy in this type of diabetes. It is
common knowledge that insulin therapy is not obligatory for
patients with type 2 diabetes, but in these patients it is often
necessary in progressive insulinopenia, prolonged duration
of diabetes, and very poor glycemic control. Our results
are similar to those of the Wisconsin Epidemiologic Study
of Diabetic Retinopathy, which reported an increased 4-
and 10-year cumulative incidence and significantly increased
prevalence of diabetic retinopathy in older patients on insulin
therapy than those on OHA therapy (70% versus 39%) [6].

Hypertension is another risk factor for development
and progression of diabetic retinopathy documented in
many epidemiological and clinical studies. Two large clinical
studies, the United Kingdom prospective diabetes study
(UKPDS) and the appropriate blood pressure control in
diabetes (ABCD) study, demonstrated benefit in retinopathy
risk reduction in diabetic patients who received intensive
blood pressure control therapy [35, 36]. On the basis of
data from these studies, clinical guidelines now recommend
optimization of blood pressure control in type 2 diabetic
patients as part of preventive measures for visual loss due
to diabetic retinopathy. In our study there was no significant
difference in the level of systolic and diastolic blood pressure
between the groups according to their diabetic retinopathy
status. It is worth noting that the average systolic blood
pressure among our patients was 142.34 ± 23.03mmHg and
the average diastolic blood pressure was 81.07±12.53mmHg,
these values being very near to those recommended by the
American and European Societies of Cardiology [37, 38].
Numerous studies reported that early diabetic and hyper-
tensive retinopathy signs share a number of similar mor-
phological features representing small vessel damage [39,
40]. One challenge that often confronts clinicians is to
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understand the contribution of diabetes or hypertension in
the development of retinopathy. An acute increase in blood
pressure may cause retinal vascular changes that are very
similar to the retinal vascular lesions seen in mild and/or
moderate nonproliferative diabetic retinopathy. Although
similar, some clinical signs are more specific showing distinct
morphological differences. For example, retinal arteriolar
abnormalities, such as generalized or focal arteriolar narrow-
ing and arteriovenous nicking, are commonly seen in patients
with hypertension, whereas these arteriolar changes are not
usually present in diabetic patients without hypertension [41,
42]. Clustering of microaneurysms may be a feature pointing
more towards diabetes andhas been shown to predict diabetic
retinopathy progression. Isolated retinal microaneurysms,
on the contrary, may indicate hypertensive retinopathy in
association with focal retinal arteriolar signs [42]. In clinical
practice hypertension and diabetes frequently coexist and are
known to result inmore severe diabetic retinopathy [43].This
could partially explain some of our results. In spite of the
near-normal average values of systolic and diastolic blood
pressure among our patients, in the groups of patients with
diabetic retinopathy (NPDR and PDR) we found marginally
significant more often clinical sings of hypertensive retinopa-
thy than in the group of patients with no retinopathy.

In addition to these well-known risk factors, new data
suggest that adipose tissue is an important determinant
of a low-level, chronic inflammatory state reflected by the
production of various proinflammatory cytokines. These
cytokines induce insulin resistance and endothelial dysfunc-
tion, consequently linking the later phenomenonwith obesity
and diabetic angiopathy [44–46]. Some studies have shown
the correlation between obesity and diabetic retinopathy
in patients with type 2 diabetes [34, 47, 48]. Moreover,
growing data suggest that inflammation and hypercoagulable
state are strongly related to the prevalence and progression
of diabetic retinopathy [49–52]. van Hecke et al. in the
Hoorn Study have found a positive association between
the levels of C-reactive protein and soluble intracellular
adhesion molecule-1 (sICAM-1) in the prevalence of diabetic
retinopathy [16]. Nguyen et al. in the multiethnic study of
atherosclerosis have observed the association of fibrinogen
and plasmin-𝛼2-antiplasmin complex (PAP) with any stage
of diabetic retinopathy and PAP and homocysteine with
vision-threatening diabetic retinopathy [51]. In our study
there was no significant difference in the levels of inflamma-
tory and haemostatic markers, other markers of endothelial
dysfunction, and anthropometric parameters between the
groups according to the diabetic retinopathy status, with the
exception of marginally significant difference in HbA

1
cmedian

between the group of patients with severe NPDR and PDR
and the group of patients with no retinopathy. The lack of
significant difference in the levels of analyzed markers and
parameters in our study may be a result of a relatively small
sample size and due to the fact that the majority of our
patients had near-normal values of thesemarkers and param-
eters. However, we observed the significant difference in C-
reactive protein according to the waist circumference and
significant difference in fibrinogen according to the waist-
to-hip ratio. Our results are similar to those of Nakamura

et al., who reported that patients with metabolic syndrome
had higher levels of C-reactive protein, and the main deter-
minant of the CRP elevation was waist circumference [53].
Garćıa-Lorda et al. in their Mediterranean population study
found C-reactive protein independently and positively asso-
ciated to waist circumference and triglycerides and negatively
associated to HDL-cholesterol [54]. C-reactive protein >
3mg/L was found to be an independent risk factor for devel-
opment of diabetic nephropathy and diabetic retinopathy
[55], which confirmed the results of previously mentioned
Hoorn study [16]. The multivariate analysis of the PRIME
Study showed that waist-to-hip ratio, but not body mass
index, was an independent predictor of fibrinogen [56].These
results were consistent with ours and results of two other
cross-sectional studies suggesting that central body fat dis-
tribution is more relevant than general obesity to population
correlates of fibrinogen [57, 58]. Cederholm-Williams et al.
found higher plasma fibrinogen in diabetics than in controls
and the highest fibrinogen in patients with more severe cases
of retinopathy. As a direct consequence of the elevation of
plasma fibrinogen they observed higher catabolic rate in
diabetics than in controls and higher catabolic rate in patients
with nonproliferative and proliferative retinopathy than in
diabetics without retinopathy [59]. Fujisawa et al. suggested
that an increased blood viscosity in type 2 diabetes patients
due to high fibrinogen level and elevated intravessel pressure
may play a role in the development of diabetic retinopathy
[60]. In our study we also found the significant differences
in total cholesterol and triglycerides according to the level of
body mass index. Many previous epidemiologic studies have
shown the association of body mass index and lipid profiles,
especially higher total cholesterol and low-density lipopro-
tein cholesterol. Shamai et al. recently reported negative
association of BMI with high-density lipoprotein cholesterol
and positive association with triglycerides [61]. Investigating
the potential risk factors for retinopathy in diabetic and
nondiabetic individuals, the Hoorn study found positively
associated prevalence of retinopathy with elevated blood
pressure, BMI, total cholesterol, and triglyceride serum levels
in all glucose categories [62]. Jew et al. suggested that HbA

1
c

and total cholesterol are the two most important risk factors
associated with clinically significant macular edema (CSME)
in patients with nonproliferative diabetic retinopathy [63]
whereas Zoppini et al. proposed that triglyceride/high-
density lipoprotein cholesterol (TG/HDL-C) ratio is associ-
ated with an increased incidence of retinopathy and chronic
kidney disease in patients with type 2 diabetes [64].

5. Conclusion

Diabetes duration, prolonged poor glycemic control, and the
resulting need for insulin therapy are the main predictors
of retinopathy in patients with type 2 diabetes. The sig-
nificant differences in C-reactive protein, fibrinogen, total
cholesterol, and triglycerides according to the level of obesity
defined by different anthropometric parameters suggest that
interrelations between obesity, inflammation, haemostatic
disturbance, and other risk factors may possibly play an
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important additional role in endothelial dysfunction involved
in the pathogenesis of diabetic retinopathy. Further studies
that include larger number of patients and parameters such as
inflammatory, haemostatic, and other markers of endothelial
dysfunction are necessary to investigate whether our obser-
vations might contribute to the better understanding of the
diabetic retinopathy causes and open new approaches for its
prevention and treatment.
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Diabetic maculopathy (DM) is one of the major causes of vision impairment in individuals with diabetes.The traditional approach
to diagnosis of DM includes fundus ophthalmoscopy and fluorescein angiography. Although very useful clinically, these methods
do not contribute much to the evaluation of retinal morphology and its thickness profile. That is why a new technique called
optical coherence tomography (OCT) was utilized to perform cross-sectional imaging of the retina. It facilitates measuring the
macular thickening, quantification of diabetic macular oedema, and detecting vitreoretinal traction. Thus, OCT may assist in
patient selection with DMwho can benefit from treatment, identify what treatment is indicated, guide its implementing, and allow
precise monitoring of treatment response. It seems to be the technique of choice for the early detection of macular oedema and for
the followup of DM.

1. Introduction

Diabetic retinopathy is the name given to the changes in the
retina, which develop over a period of time in diabetics. It
remains one of the major causes of new-onset visual loss in
developed countries. If the central part of the retina (i.e., the
macula) is involved, it is referred to as diabetic maculopathy.
This is the most common cause of vision impairment in
individuals with diabetic retinopathy [1]. The traditional
approach to diagnosis of diabetic maculopathy includes fun-
dus ophthalmoscopy and fluorescein angiography (FA) [2].
The Early Treatment Diabetic Retinopathy Study (ETDRS)
identified stereoscopic slit-lamp biomicroscopy and stereo
colour fundus photography as standard methods of macular
thickness assessment utilized in order to determine whether
the treatment should be commenced as they defined the
clinically significant macular oedema (ETDRS report num-
ber 10, 1991). However, these methods are subjective and
relatively insensitive to small changes in retinal thickness and,
therefore,may be unable to identifymild or localizedmacular
thickening [3]. They also do not provide any data on retinal
morphology and blood flow.On the other hand, FA is a highly

effective test of evaluating retinal blood vessels, macular per-
fusion, and pattern of leakage causing the oedema. Although
very useful clinically, it also does not contribute much to
the evaluation of retinal morphology and its thickness pro-
file.

In 1991 the researchers from Massachusetts Institute
of Technology and Harvard University patented the tech-
nique of optical coherence tomography (OCT), which was a
major breakthrough in ophthalmic diagnostics (US5321501A,
Swanson EA, Huang D, Fujimoto JG, Puliafito CA, Lin CP,
Schuman JS. Method and apparatus for optical imaging with
means for controlling the longitudinal range of the sample).
The first paper to present the potential of the new diagnostic
method was published in the same year [4]. Four years later
the first paper was published which described the use of OCT
in diagnosis ofmacular diseases [5]. Nowadays,OCT is one of
the fundamental diagnostic imaging techniques in ophthal-
mology. It is an essential compliment to ophthalmoscopy and
FA in patients with diabetic maculopathy.

The purpose of this paper is to provide an overview
of clinical utility of OCT in retinal assessment of diabetic
patients.
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2. OCT Principles and Interpretation

2.1. OCT Principles. OCT enables obtaining the high resolu-
tion (few micrometres) cross-sectional images (tomograms)
of the human retina in a noninvasive manner [6]. Reti-
nal morphology is reconstructed based on the analysis of
backscattered or reflected light. In contrast to classic fundus
photography taken with fundus camera, OCT also provides
information on the depth that the scattered light comes from.
If light is reflected by the deeper retinal layers, it has to go
a longer way to return to the detector compared to the light
reflected frommore superficial layers.That is why it takes the
light longer to return fromdeeper layers.This featuremakes it
possible to precisely determine what retinal depth (i.e., layer)
the particular signal comes from. Therefore, OCT resem-
bles ultrasound imaging with the only difference consist-
ing in utilizing light instead of sound. The use of light gives
OCT higher axial resolution compared to any other imaging
techniques currently used in clinical medicine.

In classic OCT setup the light emitted by the super-
luminescent diode is directed to the beam splitter which
splits it into two equal beams. One of them is projected
onto the reference mirror, the other one onto the retina, and
is backscattered from its morphological elements. The light
waves reflected back from the retina and the reference mirror
are superposed. The wave interference may occur only when
the optical path between the beam splitter and the mirror
is equal to the distance between the splitter and one of the
surfaces reflecting the light within the retina. In that case,
the detector will record the change in the light intensity. In
order to detect other reflecting surfaces, the position of the
reference mirror is moved in relation to the beam splitter.
The OCT technique described above is referred to as Time
Domain OCT (TDOCT) due to the fact that the information
on retinal morphology along the scanning beam is obtained
by recording the optical signal when the mirror is moved. It
was the first OCT technique described in 1991.

An alternative solution is Frequency Domain OCT
(FDOCT). It differs from TDOCT in how the sample image
is constructed. This technique required the reference arm to
be held fixed, and the optical path length difference between
sample and reference reflections is encoded by the frequency
of the interferometric fringes as a function of the source spec-
trum. There are two practical implementations of FDOCT.
The first is Spectral Domain OCT (SDOCT) in which inter-
ferometric signal is detected using the spectrometer equipped
with a line of light sensitive elements [7]. The other method
is a Swept Source OCT (SSOCT) utilizing swept tunable
lasers and a standard photodiode detector [8]. As in FDOCT,
the reference mirror remains fixed, the better mechanical
stability of the system is achieved. Additionally, the interfer-
ometric signal created by mixing the sample and reference
light is sampled as a function of wavenumber and yields an
entire depth scan at the same time. This makes it possible to
achieve several hundred-fold increase in speed and sensitivity
of scanning compared to TDOCT. As a result, significant
motion artefacts are avoided and multiple measurements can
be taken in a short time enabling the three-dimensional
retinal scanning.TheOCT images can be also acquired at the
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Figure 1: SDOCT cross-sectional image of a normal humanmacula.
NFL: nerve fibre layer, GCL: ganglion cell layer, IPL: inner plexiform
layer, INL: inner nuclear layer, OPL: outer plexiform layer, ONL:
outer nuclear layer, ELM: external limiting membrane, IS/OS: the
junction between the inner and outer photoreceptor segments, RPE:
retinal pigment epithelium.

video-rate and themeasured structures observed in real time.
The first commercially available SDOCT device (Copernicus,
Optopol SA, Poland) was launched in 2006.

2.2. Data Visualization. The term reflectivity is used in OCT
technique as an equivalent of echogenicity in ultrasonography.
It means the ability of the analysed structure to reflect
the light waves. The areas showing reduced reflectivity are
referred to as hyporeflective, whereas the increased reflectiv-
ity regions are referred to as hyperreflective. The reflectivity
in a grey-scale is proportional to tissue brightness observed
in OCT. The higher the reflectivity is, the closer to white the
colour will be. In order to effectively visualise subtle struc-
tures in OCT scans, the false colour scale is often clinically
used, inwhich the individual colours are purely conventional.
Usually white and red represent highest intensity signal,
whereas black and blue correspond to the lowest intensity sig-
nal. However, such approach has a disadvantage, namely, pos-
sible occurrence of artefacts [9]. If signal intensity changes,
the colour of a given structure onOCT scanmay also change.

The OCT results are presented as an axial scan, referred
to as an A-scan, similarly like in ultrasonography. It presents
retinal reflectivity at different depths along the scanning
beam axis. It is acquired by presenting the amplitude of the
back-scattered light as a function of echo delay time. As
the scanning beam moves along the retina, many A-scans
are acquired, which form the tomogram, that is a B-scan
(Figure 1). It presents the cross section of the retina in a plane
perpendicular to its surface. The set of many consecutive B-
scans is assembled into a 3D reconstruction of retinal struc-
ture (Figure 2).

The software in-built in commercially available OCT
devices makes it possible to carry out a quantitative data
analysis. The results of such analyses primarily include total
retinal and individual layers thickness maps as well as
macular volumemaps. Retinal thickness is usually calculated
for central fixation point, 9 ETDRS-like macular regions,
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Figure 2: Volume rendering of the macula from the three-dimensional SDOCT data. Segmentation result showing the intraretinal layers.
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Figure 3: (a) Colour-coded macular thickness maps revealing the change in retinal thickness between the examinations. The second map
was obtained 2 weeks after treatment with Ranibizumab. Resolution of DME is evident but the corresponding thickness deviation map shows
that the anatomical improvement is also related to the central macular atrophy which may limit the visual acuity. (b) Corresponding SDOCT
tomograms presenting the disappearance of nearly all intraretinal cystoid spaces.

and total macular thickness (Figure 3). Retinal volume is
displayed for 9 ETDRS-like macular areas and total macular
volume.TheOCTdata is automatically segmented in order to
generate the above maps (Figure 2). When interpreting these
maps, one should bear in mind that the artefacts may occur
during segmentation, which will lead to improper retinal
thickness measurements [10, 11]. Artefacts may arise as a
result of poor image quality, eye movement during measure-
ments, and retinal pathologies interfering with automated

segmentation (e.g., retinal pigment epithelial detachment,
subretinal fluid, fibrosis, or haemorrhage). OCT maps may
be compared to normative data, including age, sex, and race
(Figure 3) [12–14]. It should be noted that different OCT
devices have different in-built normative databases. There-
fore, direct comparisons of maps generated by different OCT
devices are pointless [15, 16]. The quantitative monitoring of
retinal thickness in a given patient requires using the same
OCT device model for all follow-up examinations.
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2.3. Basic OCT Interpretation of NormalMacularMorphology.
The interpretation of OCT image is based on analysing tissue
reflectivity [17]. It is quite intuitive, but prior to discussing the
aspects of the retinal architecture seen in OCT, the physical
foundations of the obtained images should be explained. The
OCT reflects the optical properties of the imaged tissue.That
is why the OCT images should not be interpreted indis-
criminately as histologic specimens. In histopathological
examination, the contrast between the individual structures
is obtained owing to tissue staining. Different stains show the
affinity to different morphological elements, for example, cell
nuclei. On the other hand, particular colours on OCT cross-
sectional image correspond to different signal intensity levels.
However, since retinal OCT images highly resemble histo-
logic specimens, despite the above difference, and OCT is a
noncontact examination, it can be seen as an optical biopsy,
which does not require tissue excision in order to analyse its
structure.

Histologically, the retina consists of 10 layers, 4 of them
being cellular and 2 neuronal junctions. The axonal layers,
that is, the nerve fibre layer and the plexiform layers, are capa-
ble of potent light scatter and appear yellow to red on false-
colour OCT images. The light scattering potential of nuclear
layers is lower, so they are represented as blue and black areas.
The first layer visible on OCT images is the internal limiting
membrane which appears as a hyperreflective line at the
vitreoretinal interface. It is visualized in OCT owing to the
increased light scatter between the transparent vitreous and
retinal surface. Below, there lies the retinal nerve fibre layer,
typically thicker in the nasal macula and capable of potent
light scatter. The next imaged structure is a hyporeflective
ganglion cell layer. Subsequently, hyperreflective plexiform
layers are imaged as well as the inner nuclear layer situated
between them, which has a lower light scattering potential.
Then, the relatively thick hyporeflective outer nuclear layer is
visible with a thin hyperreflective line underneath. This line
corresponds to the location of the external limiting mem-
brane (ELM). A distinct bright stria that stretched in front
of the RPE demarcates the junction between the inner and
outer photoreceptor segments (IS/OS). Due to the increased
length of outer cone segments in central fovea, this line is
slightly elevated in foveal region.The last of the imaged layers
is retinal pigment epithelium (RPE). It contains melanin and
is capable of very potent light scattering. On the other hand,
Bruch’s membrane is too thin to be imaged as a separate
structure. Below, choriocapilaries and the rest of the choroid
are visible. In the centre of the macula there is thinning of the
retina with the absence of the inner layers. It is easily recog-
nized on cross-sectional images by its characteristic depres-
sion.

2.4. Basic OCT Interpretation of Macular Pathology. Reduced
reflectivity is most often cause by intraretinal and subretinal
fluid accumulation (oedema, retinal detachment, serous RPE
detachment). Pathological features that can be hyperreflective
are: hard exudates, calcification, epiretinal and thick vitreous
membranes, fibrosis, haemorrhages, RPE hyperplasia, neo-
vascular membranes, atrophy of the retina and RPE causing
increased reflectivity of underlying choroid [18].

3. OCT Findings in Diabetic Maculopathy

OCT enables precise measurement of macular thickness.
Thus, it facilitates detecting macular oedema which is the
main pathologic feature of diabetic maculopathy. This is
defined as any detectable retinal thickening due to fluid
accumulation (ETDRS report number 10, 1991). The oedema
may be symmetrical or involve only a sector of the macular
area. It usually starts as a focal lesion and progresses towards
a more diffuse form. In some cases, the macular edges may
be thickened, even though the contour of the foveal cen-
tre remains normal. Persistent retinal oedema resulting in
Muller cell necrosis leads to the formation of cystoid cavities,
located mainly in the outer retina (Henle’s fibre and outer
plexiform layer), and sometimes also in the inner plexi-
form layer. In the most advanced stages in eyes with well-
established long term macular oedema, several central cysts
canmerge together forming large hyporeflective cavity which
contributes to the significant thickening of the fovea (Figure
4). Therefore, the main characteristics of macular oedema in
OCT, apart from increased retinal thickness, include intra-
retinal spaces of reduced reflectivity, disintegration of the lay-
ered retinal structure, and usually also flattening of the cen-
tral foveal depression. In some cases fluid can be seen under
the neurosensory retina (Figures 4 and 5(a)) [19]. OCT tomo-
grams can also reveal hard exudates and haemorrhages.They
present as small hyperreflective deposits with posterior sha-
dowing (Figures 5(c) and 5(d)).

Intraretinal cysts can differ in size. That is why Koleva-
Gorgieva proposed the classification of cystoid diabetic
macular oedema (DME) into mild, moderate, and severe
according to the size of cystoid spaces [20]. The mild cystoid
DME presents with small cysts predominantly in the outer
retinal layers. The cystoid spaces in eyes with intermediate
and severe cystoidDMEaremainly located in the outer layers,
predominantly in the fovea. In some cases small cysts in
the inner layers can also be found. If the cysts continue to
increase, they may occupy the full thickness of the retina,
leading to its atrophy and the profound vision loss.

In the past few years, since the introduction of FDOCT,
it has become possible to accurately visualize the outer
retinal layers. The integrity of these layers has been shown to
correlate with retinal function. Several authors have reported
that the integrity of ELM and IS/OS junction has a positive
correlation with visual acuity [21, 22]. Shin et al. showed that
the photoreceptor layer status is closely associated with final
visual acuity in DME and that photoreceptor integrity prior
to treatment can be predictive of potential visual recovery in
DME [23]. Yohannan et al. demonstrated that disruption of
IS/OS junction correlates well with a significant decrease in
point sensitivity in eyes with DME [24].Therefore, the assess-
ment of outer retinal layer structure should be a part of a rou-
tine evaluationwhen performingOCT in patients withDME.

The ability to visualize the vitreoretinal interface (Figures
6, 7, and 8) is a unique feature of OCT. It allows for macular
traction imaging, which may play a role in DME develop-
ment [25, 26]. The traction may be induced by vitreoretinal
interface abnormalities such as incomplete posterior vitreous
detachment (PVD) or epiretinal membrane (ERM). If the



Mediators of Inflammation 5

(a) (b) (c)
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Figure 4: Cystoid DME. (a) Colour fundus photography showing a few intraretinal haemorrhages. (b) The corresponding red-free image of
the fundus. (c) Late-stage fluorescein angiogram depicting a cystoid pattern of foveal hyperfluorescence with surrounding diffuse leakage.
(d) SDOCT demonstrating hyporeflective cystic spaces within the retina (white asterisk) and subretinal fluid accumulation (red asterisk)
consistent with macular oedema. The abnormal reflectivity of photoreceptor layer is indicated by a white arrow.

(a) (b)

(c) (d)

Figure 5: (a, b) Cystoid DME treated with intravitreal steroid injection. (c, d) Diffuse DME treated with Ranibizumab and laser therapy.The
arrows point to hard exudates.
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(a) (b)

(c) (d)
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Figure 6: SDOCT cross-sectional images of the macular vitreoretinal interface abnormalities in diabetic retinopathy. (a) Posterior vitreous
detachment (arrow) and a small, localized epiretinal membrane (ERM). (b) A thin ERM that is separated from the retinal surface in multiple
areas causing distortion to the inner retinal layers and flattening of the central foveal depression. (c) ERM with an extensive fibrosis (arrow).
(d) A thick and taut ERM inducing cystoid DME. (e) A thin ERM together with macular pseudohole. (f) Preretinal fibrosis causing the
formation of lamellar macular hole (asterisk). (g) Vitreomacular traction. (h) An extensive macular traction with cystoid DME.

posterior hyaloid is thin and only slightly detached from the
surface of the macula, it is not visible in ophthalmoscopy, but
can be easily detected by OCT. The same is true for ERM; if
it is thin and does not cause a significant retinal distortion, it
can be only visualized using OCT. The detection of clinically
significant macular traction may affect therapeutic manage-
ment of DME. Releasing the traction during vitrectomy may
be the best treatment option in those patients [27].That iswhy
the assessment of vitreoretinal interface is an essential step
in macular evaluation in patients with diabetic retinopathy.
Moreover, OCT does not only work well as a diagnostic tool
in macular traction but may also be used in order to monitor
the postoperative morphological outcomes (Figure 9). It can

also help identify the postoperative complications of vitrec-
tomy, such as retinal detachment, ERM, and lamellarmacular
hole formation.The detached posterior vitreous face presents
OCT scans as a thin hyper-to-medium reflective horizontal
or oblique line in the non-reflective vitreous cavity, above
or inserting into the retina. In case of incomplete PVD it
may adhere to the foveal or the peripapillary region [28].
ERM on OCT scans presents as a hyperreflective line lying
on retinal surface. It can lead to increase inmacular thickness,
loss of foveal depression, and formation of intraretinal cystoid
spaces or pseudoholes (Figure 6). The distinction between
ERMs and a PVD is usually made on the basis of reflectivity.
The latter typically has a lower reflectivity and less consistent



Mediators of Inflammation 7

(a) (b)

(c) (d)

(e) (f)

Figure 7: Comparison of retinal SDOCT (a, c, e) with ultrasonography (b, d, f). (a) Perifoveal posterior vitreous detachment (arrow) (PVD).
(b) No PVD is detectable on ultrasonography. (c, d) A thick preretinal fibrosis (arrows). (e, f) Tractional macular detachment (arrows).

appearance than preretinal fibrosis. OCT can also be used
to document the opacity and thickness of ERM, its distance
from the surface of the retina, and such effect on the under-
lying retina as distortion, oedema, or neurosensory detach-
ment. It should be noted that OCT is complementary to
ultrasound scanning in evaluation of vitreoretinal interface.
Ultrasound scans provide a more complete image of vitreous
pathology but at the cost of lower resolution. FDOCT, on the
other hand, provides a more detailed image of vitreoretinal
interface but limited to a relatively small area (Figure 7). As
OCT uses light to acquire the images, if the optic media are
opacified and fundus cannot be visualized, the retinal cross
sections will not be obtained. The limitations are similar to
the ones associated with ophthalmoscopy and FA (Figure 10).
However, sometimes OCT images can be acquired in cases
where retinal assessment in ophthalmoscopy is impossible
(Figure 11). In some cases OCT can even enable assessment
of the space located posteriorly to the thin fibrovascular
membrane in proliferative retinopathy (Figure 12).

Another particular value of OCT is the possibility of
reliable and reproducible retinal thickness measurements
(Figure 5). Using the retinal thickness maps, it is possible to
monitor DME progression and assess treatment outcomes

after laser photocoagulation, intravitreal injections of anti-
VEGF and steroids or, as mentioned before, vitrectomy.
The obtained results can be compared with the normative
database. Owing to retinal thickness maps not only oedema
but also atrophy can be detected, which contributes to lack
of improvement or even decreased vision after the oedema
is resolved (Figure 3). The treatment efficacy in DME should,
then, be evaluated in terms of two outcomes: the functional
one based on visual acuitymeasurements and anatomical one
assessed in OCT.

4. OCT Classification of DME

The first OCT classification of DME presented by Otani
et al. was based on retinal morphological changes: sponge-
like swelling, cystoid oedema, and serous retinal detachment
[29]. Along with the improving OCT technology, subsequent
authors proposed more and more complex DME classifica-
tion systems [30–33]. The classification proposed by Koleva-
Georgieva appears to be particularly interesting [34]. It is
based on authors’ own experience and previously published
data. It takes into account several quantitative and qualitative
OCT data: retinal thickness, retinal morphology, retinal
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(a) (b)

(c) (d)

Figure 8: Proliferative diabetic retinopathy with neovascularization of the disc (NVD) and elsewhere (NVE). (a) Colour fundus photography.
(b) Fluorescein angiography presenting an extensive leakage at the site of NVD and NVE. (c, d) SDOCT showing preretinal neovascular
membrane at the disk and in the superior macula.

(a) (b)

Figure 9: (a) Preoperative SDOCT tomogram demonstrating epiretinal membrane (arrow) and cystoid DME. (b) Postoperative SDOCT
image obtained 1 week after vitrectomy showing decreased retinal thickness and no intraretinal cystic spaces. Normal foveal depression is still
absent.

topography, macular traction, and foveal photoreceptor sta-
tus.

4.1. Retinal Thickness. This includes the following:

(1) no macular oedema—normal macular morphology
and thickness not reaching the criteria for subclinical
DME;

(2) early subclinical macular oedema—no clinically
detected retinal thickening on ophthalmoscopy, OCT
measured retinal thickness exceeding normal +2SDs
for central fixation point and fovea;

(3) established macular oedema—retinal thickening and
evident morphological characteristics of oedema.

4.2. Retinal Morphology. This includes the following:
(1) simple noncystoid macular oedema—increased reti-

nal thickness, reduced intraretinal reflectivity, irreg-
ularity of the layered structure, and flattening of the
foveal depression, without presence of cystoid spaces;

(2) cystoid macular oedema—the above criteria, associ-
ated with presence of well-defined intraretinal cystoid
spaces:

(a) mild cystoid macular oedema—cystoid spaces
with horizontal diameter <300 𝜇m,

(b) intermediate cystoid macular oedema—cystoid
spaces with horizontal diameter ≥300𝜇m
<600𝜇m,
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(a) (b)

(c)

Figure 10: Proliferative diabetic retinopathy with dense preretinal haemorrhage. (a, b) Colour fundus photography and fluorescein
angiogram. The view of the retina is obscured by the haemorrhage. (c) SDOCT cross-sectional image of the macula. The optical signal of
the retina is shadowed by the haemorrhage.

(c) severe cystoid macular oedema—cystoid spaces
with horizontal diameter≥600𝜇m, or large con-
fluent cavities with retinoschisis appearance;

(3) serous macular detachment—any of the above, asso-
ciated with serous macular detachment (hyporeflec-
tive area under the detached neurosensory retina and
over the hyperreflective line of the RPE).

4.3. Retinal Topography. This includes the following:

(1) nonsignificant macular oedema;
(2) clinically significant macular oedema, as defined by

ETDRS and evaluated on theOCT retinal topography
map.

4.4. Presence and Severity of Macular Traction (Incomplete
PVD and/or ERM). This includes the following:

(1) no macular traction—presence of complete PVD
(Weiss ring detected on ophthalmoscopy), or no PVD
(no visible posterior hyaloid line on FDOCT), and no
ERM;

(2) questionable macular traction—incomplete PVD
with perifoveal or peripapillary adhesion and/or glo-

bally adherent ERM without detectable distortion of
retinal surface contour at the points of adhesion;

(3) definitemacular traction—incomplete PVDwith per-
ifoveal adhesion and/or focal ERM with detectable
distortion of retinal contour at the points of adhesion.

4.5. Retinal Outer Layers Integrity (IS/OS and ELM). This
includes the following:

(1) IS/OS and ELM intact;
(2) IS/OS and ELM with disrupted integrity.

5. Technological Advances in OCT

Apart from the acquisition of morphological images, OCT
can also detect a Doppler frequency shift of reflected light,
which provides information on flow and movement [35–37].
Wang et al. reported that reproducible and repeatable mea-
surements of total blood flow can be obtained using Doppler
OCT [38]. In another study,Wang et al. compared blood flow
in a patient with diabetes and no retinopathy with another
patient with treated proliferative retinopathy [39]. The first
subject showed a total blood flow value at the lower level of
the normal range, whereas the same value in a patient with
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(a) (b)

(c)

Figure 11: (a) Colour fundus photography demonstratingmoderate vitreous haemorrhage obscuring the view of themacula and the posterior
pole. (b) Ultrasonography presents preretinal vitreous haemorrhage (asterisk). (c) SDOCT tomogram. Although fundus assessment in
ophthalmoscopy is impossible, SDOCT clearly shows cystic DME with preretinal blood accumulation (asterisk). Posterior vitreous face is
marked with a white arrow.

diabetic retinopathy was lower compared to healthy popu-
lation. These results clearly indicate that Doppler OCT may
play a role in noninvasive assessment of retinal blood flow in
diabetic patients.

The OCT can also be used for visualizing the tiny blood
vessels within the macula. During the American Academy of
Ophthalmology Annual Meeting 2012 we presented a novel
method (OCT angiography) for the noninvasive visualization
of three-dimensional retinal microcapillary network using
intensity-based OCT and also validated its clinical usefulness
in retinal vascular diseases including diabetic retinopathy
(Sikorski BL, Szkulmowski M, Malukiewicz G, Kowalczyk
A, Wojtkowski M. Noninvasive visualization of 3D retinal
microcapillary network using OCT. PO 263, AAO 2012,
Chicago). OCT angiography proved to be capable of showing
10 micron blood vessels, revealing the vascular nonperfusion
and identifying microexudates which were not otherwise
visible on clinical examination and fundus photography. It
also highly correlates with FA. Moreover, OCT angiography
can show even more capillaries in the pericentral macula
than FA and allows discerning and visualizing separately the
superficial and deep capillary plexus. Therefore, we believe
that classic structural OCT examination together with OCT
angiography may provide a comprehensive solution in a

single imaging modality in patients with diabetic maculo-
pathy.

6. Conclusion

OCT can perform micrometre-resolution, cross-sectional
imaging of the retina that closely approximates its histological
layers. One of the huge advantages of OCT is that patients
find this procedure very comfortable because it is noncontact
and the measurement time is very short. In patients with
diabetic retinopathy OCT can be successfully utilized as an
objective monitoring technique of the macular thickening
before and after therapy. Thus, it facilitates quantification
of retinal oedema. OCT is also very useful for vitreous
assessment, showing whether it is attached or detached from
themacula. It is helpful in detecting vitreoretinal traction that
may not have been identified clinically.

To summarize, OCT may assist in patient selection with
diabetic maculopathy who can benefit from treatment, iden-
tify what treatment is indicated, guide its implementing, and
allow precise monitoring of treatment response. OCT also
helps to understand the anatomy of DME and the intraretinal
damage. It seems to be the technique of choice for the early
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(a) (b)

(c)

Figure 12: (a) Colour fundus photography of the fibrovascular proliferation. (b) Fluorescein angiography demonstrating the neovascular
component of the membrane. (c) SDOCT showing thickened posterior vitreous face (asterisk) with preretinal haemorrhage. The retina is
barely visible (arrow).

detection of macular oedema and for the followup of diabetic
maculopathy.
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The molecular mechanism formation of secondary epiretinal membranes (ERMs) after proliferative diabetic retinopathy (PDR) or
primary idiopathic ERMs is still poorly understood. Therefore, the present study focused on the assessment of IGF1, IGF1R, and
IGFBP3 mRNA levels in ERMs and PBMCs from patients with PDR. The examined group comprised 6 patients with secondary
ERMs after PDR and the control group consisted of 11 patients with idiopathic ERMs. Quantification of IGF1, IGF1R, and IGFBP3
mRNAs was performed by real-time QRT-PCR technique. In ERMs, IGF1 and IGF1R mRNA levels were significantly higher in
patients with diabetes compared to control subjects. In PBMCs, there were no statistically significant differences of IGF1, IGF1R,
and IGFBP3 expression between diabetic and nondiabetic patients. In conclusion, our study indicated IGF1 and IGF1R differential
expression in ERMs, but not in PBMCs, of diabetic and nondiabetic patients, suggesting that these factors can be involved in the
pathogenesis or progression of proliferative vitreoretinal disorders. This trial is registered with NCT00841334.

1. Introduction

Proliferative diabetic retinopathy (PDR) is a common and
specific microvascular complication of diabetes mellitus.
Inflammation, angiogenesis, and fibrosis are primary pro-
cesses involved in the pathogenesis of PDR [1]. Moreover,
Snead et al. [2] suggested that hypoxia and neovascular
cytokine production may play an important role in epiretinal
membrane (ERM) formation of PDR patients.

Epiretinal membrane is a layer of pathologic tissue which
grows on the internal surface of the retina [3, 4]. ERMs
can be idiopathic (iERM) or secondary to some patho-
logic conditions, including proliferative diabetic retinopathy,
proliferative vitreoretinopathy (PVR), macular pucker, high
myopia, uveitis, and other retinal degenerative diseases [5].
Depending on duration and severity of ERMs, the symptoms
felt by patient can differ frommild to severemetamorphopsia,

decrease in visual acuity caused by retinal distortion and
problems such as vitreoretinal tractions or even tractional
retinal detachment [6]. It is known that ERMs in PDR
are mainly composed of new pathological vessels. On the
contrary, the idiopathic ERMs consist of a nonangiogenic
fibroglial tissue [7]. However, the molecular mechanism
formation of both the primary and secondary ERMs in
diabetic and nondiabetic patients is still poorly understood.

Several cytokines, including insulin-like growth factor
(IGF), are involved in the progression of ERMs [8–10]. The
IGF family is comprised of ligands: IGF1, IGF2, insulin;
six binding proteins (IGFBP1 through -6); and cell surface
receptors, including IGF1R, IGF2R, and insulin receptors [11].
Many recent studies suggested that IGF1 and IGF2 may be
involved in the pathogenesis of PDR; however, the exact role
has not been well understood yet [12, 13]. Recent reports
suggest that increases in IGF1 activity may contribute to
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retinal neovascularization characteristic for PDR [14, 15].
IGFs are also involved in stimulation of epiretinal membrane
contraction [9]. Additionally, IGF system is known to be
associated with inflammation process [16, 17].

Numerous attempts have been made to identify various
proteins in serum or mRNA in peripheral blood mononu-
clear cells (PBMCs), which could be easily accessed and act
as markers of intratissue processes in various diseases [13, 18].
However, local concentrations of different growth factors
in the retina may be more important than systemic levels
in the pathogenesis of diabetic retinopathy. There are only
few published data regarding differences between mRNA
levels of IGF in the eye tissues of diabetic and nondiabetic
patients [19–22]. Therefore, the present study focused on the
assessment of mRNA levels of IGF1, IGF1R, and IGFBP3 both
in ERMs and PBMCs frompatients with proliferative diabetic
retinopathy.

2. Materials and Methods

2.1. Subjects. The blood samples from 17 patients and sur-
gically removed ERMs from 17 eyes of these patients were
obtained and categorized into diabetic and nondiabetic ones.
The examined group comprised 6 patients (3 females and
3 males, mean age 72.9 years; range 66–80 years) with
secondary ERMs after PDR and the control group consisted
of 11 patients (8 females and 3males, mean age 69.7; range 61–
79 years)with iERMs (Table 1). All the patientswere treated in
the Department of Ophthalmology, University Hospital No.
5, Medical University of Silesia, Katowice, Poland.

The period between the diagnosis of the condition and
the actual surgery for the condition was between 2 and 16
months. Some patients presented and had surgery within
two month. When patients were asymptomatic or had good
visual acuity ERMs were diagnosed clinically that did not
require immediate surgery. The average duration in which
the membranes were present in the eye before removal was
6.4 months (range 3–10 months) for PDR and 8.6 months
(range 2–16 months) for iERM. All subjects underwent
a complete ophthalmic examination: best corrected visual
acuity (BCVA), tonometry, slit lamp examination of anterior
and posterior segment, ultrasonography of the eye, and
optical coherence tomography (OCT) of the central retina.
The criteria for inclusion into the molecular analysis were as
follows: patients of Caucasian race, both males and females,
aged ≥55 years, suffering from idiopathic ERMs or secondary
ERMs in PDR. Presence of ERM was proven in OCT
examination. All patients were qualified to surgical treatment
of ERM—unilateral pars plana vitrectomy (PPV).

The study was approved by the Bioethics Committee of
the Medical University in Katowice (KNW/0022/KB1/82/12)
in accordance with the Declaration of Helsinki regarding
medical research involving human subjects. All patients were
informed about the research and signed an informed consent
form.

2.2. Tissues. Samples of all ERMs were collected during
pars plana vitrectomy, using intraocular microforceps, and

Table 1: Selected clinical features of patients with secondary ERMs
after proliferative diabetic retinopathy and the control group with
idiopathic ERMs.

Characteristic Secondary ERMs
group (𝑛 = 6)

Idiopathic ERMs
group (𝑛 = 11)

Gender
Female 3 8
Male 3 3

Age (years) 72.9 (66–80)∗ 69.7 (61–79)
Eye

Right 2 5
Left 4 6

Mean time interval
between ERM diagnosis
and surgery (months)

6.4 (3–10) 8.6 (2–16)

Visual acuity† 0.3 (0.01–0.5) 0.2 (0.02–0.4)
∗Values of clinical parameters are expressed as means (minimum–
maximum).
†Snellen chart.

were stored for 48 h at −70∘C until RNA extraction. Venous
blood samples were collected into EDTA-containing tubes
and peripheral mononuclear cells were isolated from 5mL
specimens derived from each patients by using Ficoll-Conray
density gradient centrifugation for 30min at 1500 rpm at
room temperature immediately after blood collection (spe-
cific gravity 1.077; Immunobiological Co., Gunma, Japan).

2.3. Ribonucleic Acid Extraction from Tissue Specimens. Total
RNA was extracted from ERMs and PBMCs using a TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). RNA extracts were
treated with DNase I (MBI Fermentas, Vilnius, Lithuania)
according to the manufacturer’s instructions. The quality of
extracts was checked electrophoretically using 0.8% agarose
gel stained with ethidium bromide.The results were analyzed
and recorded using the 1D Bas-Sys gel documentation system
(Biotech-Fisher, Perth, Australia). Total RNA concentration
was determined by spectrophotometric measurement in 5𝜇L
capillary tubes using the Gene Quant II RNA/DNA Calcula-
tor (Pharmacia Biotech, Cambridge, UK).

2.4. Quantitative Real-Time Polymerase Chain Reaction Assay.
Detection of the expression of IGF1, IGF1R, IGFBP3, and
glyceraldehyde-3-phosphate (GAPDH) mRNAs was carried
out using a QRT-PCR technique with SYBR Green chem-
istry (SYBR Green Quantitect RT-PCR Kit, Qiagen) and
an Opticon DNA Engine Continuous Fluorescence detector
(MJ Research) as described previously [23]. All samples
were tested in triplicate. GAPDH for each sample was mea-
sured to exclude possible RT-PCR inhibitors.Oligonucleotide
primers, specific for IGF1, IGF1R, and IGFBP3, were designed
on the basis of reference sequences (GenBank accession no.
NM 000618.3, NM 000875.3, andNM 000598.4, resp.) using
Primer ExpressTM Version 2.0 software (PE Applied Biosys-
tems, Foster City, CA, USA). Detection of GAPDH mRNAs
was performed as described previously [23] (Table 2).
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Table 2: Characteristics of primers used for real-time QRT-PCR.

Gene Sequence of primers Length of amplicon (bp)∗ Tm (∘C)†

IGF1 Forward: 5-TGCTTCCGGAGCTGTGATC-3 221 77.6
Reverse: 5-GATCCTGCGGTGGCATGTCACTCTTCACT-3

IGF1R Forward: 5-ACGCCAATAAGTTCGTCCACAGAGACCT-3 187 77.4
Reverse: 5-GAAGACTCCATCCTTGAGGGACTCAG-3

IGFBP3 Forward: 5-GCTACAGCATGCAGAGCAAGT-3 102 82.4
Reverse: 5-CAGCTGCTGGTCATGTCCTT-3

GAPDH Forward: 5-GAAGGTGAAGGTCGGAGTC-3 226 80.0
Reverse: 5-GAAGATGGTGATGGGATTC-3

∗bp: base pairs.
†Tm: melting temperature.

The thermal profile for one-step RT-PCR was as follows:
reverse transcription at 50∘C for 30min, denaturation at
95∘C for 15min, and 40 cycles consisting of the following
temperatures and time intervals: 94∘C for 15 s, 60∘C for
GAPDH, 61.1∘C for IGF1, 56.4∘C for IGF1R and 54.2∘C for
IGFBP3 for 30 s, and 72∘C for 30 s. Each run was completed
using melting curve analysis to confirm the specificity of
amplification and the absence of primer dimers. RT-PCR
products were separated on 6% polyacrylamide gels and
visualized with silver salts.

2.5. Quantification of Expression of Target Genes. To quantify
the results obtained with RT-PCR for IGF1, IGF1R, IGFBP3,
and GAPDH, a standard curve method was used [23, 24].
Commercially available standards of 𝛽-actin cDNA (TaqMan
DNA Template Reagent Kit, PE Applied Biosystems, Foster,
CA) were used at five different concentrations (0.6, 1.2, 3.0,
6.0, and 12.0 ng/𝜇L), to simultaneously detect the expression
profile of each investigated gene. For standards, the calcu-
lation of copy number values was based on the following
relationship: 1 ng of DNA = 333 genome equivalents (PE
Applied Biosystems). Amplification plots for each dilution
of a commercially available standard template were used to
determine the Ct values. A standard curve was generated by
plotting the Ct values against the log of the known amount
of 𝛽-actin cDNA copy numbers. Correlation coefficients for
standard curves ranged from 0.988 to 0.995 indicating a high
degree of confidence for measurement of the copy number of
molecules in each sample.

2.6. Statistical Analyses. Statistical analyses were performed
using Statistica 9.0 software (StatSoft, Tulsa, OK, USA), and
the level of significance was set at 𝑃 < 0.05. Values were
expressed as median with the 25th and 75th quartiles, and
minimum and maximum. The Mann-Whitney 𝑈-test was
applied to assess differences in the expression level of IGF1,
IGF1R, and IGFBP3. Correlations were evaluated using the
Spearman rank correlation test.

3. Results

3.1. Specificity of the Real-Time Reverse Transcription Poly-
merase Chain Reaction Assay. RT-PCR specificity for the

target genes was confirmed experimentally on the basis of
amplimers melting temperatures. For each RT-PCR product,
a single peak at expected temperatures was observed: IGF1,
77.6∘C; IGF1R, 77.4∘C; IGFBP3, 82.4∘C, and GAPDH, 80.0∘C
(data not shown). Gel electrophoresis also revealed the
presence of a single product of predicted length (data not
shown).

3.2. Differences in IGF1, IGF1R, and IGFBP3 Expression Level
between Diabetic and Nondiabetic Patients. IGF1 and IGF1R
mRNAs were detected in all tested ERMs and PBMCs
obtained from the control and study groups. However,
IGFBP3 was only detected in PBMCs of all patients. In the
ERMs, themRNA level of IGF1was significantly higher in the
patientswith diabetes (median= 271mRNAcopies/𝜇g of total
RNA) compared to the control iERMs of nondiabetic group
(median = 85mRNA copies/𝜇g of total RNA). In the case
of IGF1R, the expression was significantly greater in ERMs
after PDR (median = 1341mRNA copies/𝜇g of total RNA)
compared to the idiopathic ERMs (median = 938 mRNA
copies/𝜇g of total RNA) (𝑃 = 0.0224, Mann-Whitney 𝑈-test)
(Figure 1).

In PBMCs, there were no significantly different expres-
sions of IGF1, IGF1R, and IGFBP3 between diabetic
(median = 163mRNA copies/𝜇g of total RNA; 298mRNA
copies/𝜇g of total RNA; 1211mRNA copies/𝜇g of total
RNA, resp.) and nondiabetic patients (median = 144mRNA
copies/𝜇g of total RNA; 308mRNA copies/𝜇g of total RNA;
1209mRNA copies/𝜇g of total RNA, resp.) (IGF1 𝑃 = 0.6353,
IGF1R 𝑃 = 0.7250, IGFBP3 𝑃 = 0.9599, Mann-Whitney
𝑈-test) (Figure 2).

3.3. Correlations between IGF1, IGF1R, and IGFBP3Expression
Level and Time Interval between Diagnosis and Surgery.
There was no correlation between the time interval between
diagnosis of the condition and the actual surgery and the
expression of IGF1, IGF1R, and IGFBP3 both in the ERMs
and PBMCs of the diabetic samples. Corresponding to the
results obtained for diabetic patients, in iERMs and PBMCs
from the nondiabetic patients, no correlations between the
expression of IGF1, IGF1R, and IGFBP3 genes and time
interval between diagnosis of the condition and the actual
surgery were detected (Table 3).
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Table 3: The correlations between relative expression of IGF1, IGF1R, and IGFBP3 and time interval between diagnosis and surgery in the
ERMs and PBMCs of diabetic and nondiabetic patients.

Diabetic patients
ERMs IGF1 IGF1R PBMCs IGF1 IGF1R IGFBP3
Time interval between
diagnosis and surgery 𝑟 = 0.316 𝑟 = −0.316

Time interval between
diagnosis and surgery 𝑟 = 0.462 𝑟 = 0.103 𝑟 = −0.462

Nondiabetic patients
iERMs IGF1 IGF1R PBMCs IGF1 IGF1R IGFBP3
Time interval between
diagnosis and surgery 𝑟 = 0.065 𝑟 = 0.497

Time interval between
diagnosis and surgery 𝑟 = 0.153 𝑟 = 0.470 𝑟 = −0.442

Statistical significance: ∗𝑃 < 0.05, spearman rank correlation test.
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Figure 1: The mRNA levels of IGF1 and IGF1R in epiretinal
membranes of patients with proliferative diabetic retinopathy (PDR)
and in the control subjects with idiopathic ERMs (iERM). (Box and
whisker plots present medians ± quartiles and extreme values of
copy numbers per 1 𝜇g of total RNA, statistical significance: ∗𝑃 <
0.05, Mann-Whitney 𝑈-test).

4. Discussion

IGF1/IGF1R/IGFBPs complex can participate in the phys-
iological and pathological events that occur in the retina.
Previous research has revealed IGF1, IGF1R, and IGFBPs
expression in microvascular endothelial cells, pericytes and
retinal epithelial cells (RPE) in vitro [25–27]. Therefore,
it is suggested that these growth factors can also cause
progression of ERMs, especially during proliferative diabetic
retinopathy [11]. On the other hand, the level of IGFs in the
eye tissues may result, in part, from damage to the blood-
retinal barrier. Furthermore, the association between level
of IGFs in serum/PBMCs and the development of PDR is
still not fully explained [12]. Therefore, determination of
differences between mRNA levels of IGFs in ERMs and
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Figure 2: The mRNA levels of IGF1, IGF1R, and IGFBP3 in periph-
eral blood mononuclear cells of patients with proliferative diabetic
retinopathy (PDR) and in the control subjects with idiopathic ERMs
(iERM). (Box and whisker plots present medians ± quartiles and
extreme values of copy numbers per 1𝜇g of total RNA, statistical
significance: ∗𝑃 < 0.05, Mann-Whitney 𝑈-test).

PBMCs in diabetic compared to nondiabetic patients using
real-time QRT-PCR seems to be important. In the present
study, IGF1, IGF1R, and IGFBP3 mRNA levels were detected
in PBMC samples, but in ERMs only IGF1 and IGF1RmRNAs
were determined. It can be explained that IGFBP3 did not
cause proliferation of retinal cells [28]. Moreover, Spoerri
et al. [29] showed that exogenous administration of IGFBP3
can induce growth inhibition and apoptosis of retinal cells.
On the other hand, it was reported that IGFBP3 is neu-
roprotective, antiapoptotic, anti-inflammatory after retinal
injury [30, 31] and may prevent the progression of PDR [32].
Previous research showed that also IGFs are not involved in
proliferation of these cells but in stimulation of epiretinal
membrane contraction [9]. In contrast, Spraul et al. [12] and
Takagi et al. [25] indicate that IGF1 and IGF2 can influence
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RPE cell migration and proliferation. In turn, Ruberte et al.
[33] determined that neovascularization was consistent with
increased vascular endothelial growth factor level induced by
IGF1 in retinal cells.

Statistically significant higher mRNA levels of IGF1 and
IGF1R in the ERMs of patients with PDR compared to the
control subjects with iERMs in our results confirmed that
the IGFs may play a key role in development or progression
of PDR. Similar results were demonstrated by other authors
who found significantly higher protein level of IGF1 in PDR
than in control patient but in human vitreous samples [34–
36], whereas Gerhardinger et al. [37] reported a lower mRNA
levels of IGF1 in diabetic retinas obtained postmortem from
humandonors and they did not observe a changed expression
of IGF1R.

Interestingly, our results for the quantitative analysis of
IGF1, IGF1R, and IGFBP3 in PBMCs revealed no statistically
significant differences of all three genes between diabetic and
nondiabetic patients which might suggest that the processes
occurring in the eye tissues are not affected by systemic
expression levels of these cytokines during diabetes. Corre-
sponding to our results, Payne et al. [13] and Spranger et al.
[36] found that diabetic subjects had similar IGF1 level com-
pared to nondiabetic subjects but in serum samples. Similarly,
other authors showed no correlation between serum IGF1
levels and the development or progression of PDR [13, 38].On
the other hand, several studies contradict these findings; for
example, Dills et al. [39] andMerimee et al. [40] have revealed
higher serum IGF1 levels in diabetic patients. Moreover,
Chen et al. [14] suggested that serum IGF1 level may be a
contributing factor in diabetic retinopathy. However, these
differences may be a result of the assay method used to
measure IGF1 levels. Additionally, transport mechanisms for
IGFs and IGFBPs between the blood and the eye are not very
well known and may depend on the blood-retinal barrier
whose disruption is an important event in pathogenesis
of diabetic retinopathy and other ocular disorders [12].
Haurigot’s studies demonstrated that intraocular IGF1, but
not systemic IGF1, is sufficient to trigger blood-retinal barrier
breakdown [15]. It may suggest that treatment strategies
should be designed to counteract local than systemic IGF1
effects [15]. In contrast, Spranger et al. [36] indicated that
breakdown of the blood-retinal barrier and serum levels of
IGF mainly determined intravitreal IGF levels rather than
local production. The disruption of the blood-retinal barrier
can cause also the infiltration of immunologically competent
cells into PDR membranes; therefore, the inflammatory
reactions may play a role in the development of the epiretinal
membrane in PDR [41]. It is also known that IGF1 has
anti-inflammatory effects and it can be negatively correlated
with inflammatory markers [16]. No correlation between the
vitreous and serum levels of various growth factors in patients
with PDR and nonproliferative diabetic retinopathy was also
observed [42–44]. The lack of correlations between serum
and intraocular tissue levels can suggest that serum/PBMC
levels of various growth factors may not be a useful predictor
of the diabetic retinopathy severity [42, 43]. Moreover, our
research did not show any correlation between IGF1, IGF1R,

and IGFBP3 mRNA levels and the time interval between
diagnosis of the condition and the surgery.

In conclusion, our study indicated IGF1 and IGF1R dif-
ferential expression in ERMs, but not in PBMCs, of diabetic
and nondiabetic patients, suggesting that these factors can be
involved in the pathogenesis or progression of proliferative
vitreoretinal disorders. Unfortunately,major limitation of our
study is a relatively small number of samples. However, analy-
sis of ocular samples is often difficult because of the technical
obstacles associated with extracting sufficient quantities of
the samples. Therefore, there is a need to study a larger
population and carry out further analysis, for example, on
protein levels, in order to clarify the contribution of these
intravitreal growth factors in the development of diabetic and
nondiabetic ERMs. Moreover, this will help to identify better
treatment strategies for proliferative diabetic retinopathy.
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Retinal neuropathy is an early event in the development of diabetic retinopathy. One of the potential enzymes that are activated
by oxidative stress in the diabetic retina is poly (ADP-ribose) polymerase (PARP). We investigated the effect of the PARP inhibitor
1,5-isoquinolinediol on the expression of the neurodegeneration mediators and markers in the retinas of diabetic rats. After two
weeks of streptozotocin-induced diabetes, rats were treated with 1,5-isoquinolinediol (3mg/kg/day). After 4 weeks of diabetes, the
retinas were harvested and the levels of reactive oxygen species (ROS) were determined fluorometrically and the expressions of
PARP, phosporylated-ERK

1/2
, BDNF, synaptophysin, glutamine synthetase (GS), and caspase-3 were determined by Western blot

analysis. Retinal levels of ROS, PARP-1/2, phosphorylated ERK
1/2
, and cleaved caspase-3 were significantly increased, whereas the

expressions of BDNF synaptophysin andGSwere significantly decreased in the retinas of diabetic rats, compared to nondiabetic rats.
Administration of 1,5-isoquinolinediol did not affect themetabolic status of the diabetic rats, but it significantly attenuated diabetes-
induced upregulation of PARP, ROS, ERK

1/2
phosphorylation, and cleaved caspase-3 and downregulation of BDNF, synaptophysin,

and GS. These findings suggest a beneficial effect of the PARP inhibitor in increasing neurotrophic support and ameliorating early
retinal neuropathy induced by diabetes.

1. Introduction

Diabetes is a metabolic disorder characterized by hyper-
glycemia and often leads to numerous microvascular compli-
cations, including retinopathy. Diabetic retinopathy (DR) is a
multifactorial disease, and persistent hyperglycemia appears
to be amajor contributor to its development. Recent evidence
suggests that diabetic retinopathy is a progressive neurode-
generative disease as evidenced by the presence of apoptotic
cells in all retinal layers. Activation of caspase-3 is part of
the mechanism of apoptosis. Visual dysfunction is initiated
early after the onset of diabetes and progresses independently
of the vascular lesions [1–4]. The exact molecular mecha-
nisms which contribute to development of diabetes-induced
retinal neuropathy remain largely unknown. Reactive oxygen
species (ROS) production is increased in the retina in
diabetes, and it is considered as one of the major contributors
of retinal metabolic abnormalities postulated to be involved

in the development of diabetic retinopathy. Administration of
antioxidants to diabetic rats protects the retina fromoxidative
damage, and also the development of retinopathy [5–8].
In diabetes, retinal neuropathy is associated with enhanced
oxidative stress resulting from excess generation of ROS that
often leads to retinal microvascular cell death [3, 9, 10].

Enhanced ROS level causes reduced levels of brain-
derived neurotrophic factor (BDNF), a protein belonging
to the neurotrophin family. BDNF is expressed in retinal
ganglion cells (RGCs) and Müller cells [11] and is important
for the survival of retinal ganglion cells [12]. BDNF is
important for neural development and cell survival and is
essential for molecular mechanisms of synaptic activity [13].
Recent studies suggested that the early retinal neuropathy of
diabetes involves the reduced expression of BDNF and can be
ameliorated by an exogenous supply of this neurotrophin [1,
3]. ROS also decreases the level of synaptophysin, a synaptic
vesicle protein for neurotransmitter release which is widely
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expressed in the retina [14, 15]. Glutamate, the excitatory
neurotransmitter in the retina, is released by photoreceptors,
bipolar cells, and ganglion cells and mediates the transfer of
visual signals from the retina to the brain [16]. Excess glu-
tamate release in hypoxic-ischemic conditions causes excito-
toxic damage to the RGCs through activation of ionotropic
and metabotropic glutamate receptors. The synaptically
released glutamate is taken up by Müller cells where glu-
tamine synthetase converts it into glutamine. Several studies
found that the expression of GS was significantly decreased
in the diabetic rat retinas [17, 18].These dysfunctions resulted
in elevated glutamate levels in the diabetic retinas [17, 19, 20],
which might induce retinal neurodegeneration via glutamate
excitotoxicity. Synaptophysin protein is decreased in the
retina of the streptozotocin (STZ)-induced diabetes model
through the ROS-extracellular signal-regulated kinase 1 and
2 (ERK

1/2
) suggesting the involvement of cross talk between

mitogen-activated protein kinases (MAPK) pathway signals
and neurodegeneration in the diabetic retina [3, 21]. It was
also demonstrated that the reduction of BDNF and synapto-
physin in the diabetic retinawas attenuated by the antioxidant
lutein, indicating that this change was partly caused by
excessive oxidative stress [3]. One of the major consequences
of oxidative stress is DNA damage. High level of ROS induces
DNA strand breaks in the retina by hyperglycemia [22], and
ROS-induced DNA single-strand breakages were considered
an obligatory step for Poly(ADP-ribose) polymerase (PARP)
cleavage/activation.

PARP is a nuclear enzyme that regulates several cellular
events including DNA repair, cellular division and differ-
entiation, DNA replication, transformation, gene expression
and amplification, mitochondrial function, and cell death.
Altered activity of PARP is reported undermany pathological
conditions, including diabetes. Extensive experimental data
generated in both tissue culture and animal models signify
that diabetes-induced PARP activation or its overexpression
in the retina by DNA damage induces cell death; a phe-
nomenon that precedes the development of histopathologic
change [22–25]. Recently, it was documented that PARP
activation contributes to superoxide anion radical and per-
oxynitrite formation in peripheral nerve, vasa nervorum, and
aorta of STZ-induced diabetic rats and high-glucose exposed
human Schwann cells [26]. Furthermore, PARP inhibition
counteracted diabetes-induced systemic oxidative stress and
4-hydroxynonenal adduct accumulation in peripheral nerves
and improved nerve fiber function [27]. These findings
suggest that PARP activation in diabetes is bi- rather than
unidirectional. However, so far no study has shown the
cross talk between PARP activation and retinal neuropathy.
Therefore, in this study, we explored the hypothesis that
PARP activation mediates retinal neuropathy by reducing
BDNF, synaptophysin, and GS levels in the diabetic retina.
To test this hypothesis, we measured the levels of ROS gen-
eration, PARP, phosphorylated ERK

1/2
(p-ERK

1/2
), BDNF,

synaptophysin, GS, and cleaved caspase-3 in the retina of
diabetic animals. In addition, we analyzed whether treatment
with the PARP inhibitor 1,5-isoquinolinediol suppresses the
neurodegenerative changes in the retinas of diabetic rats.

2. Materials and Methods

2.1. Induction of Diabetes and 1,5-Isoquinolinediol Treatment.
All procedures with animals were performed in accordance
with the Association for Research in Vision and Ophthal-
mology (ARVO) statement for use of animals in ophthalmic
and vision research and were approved by the institutional
animal care and use committee of the College of Pharmacy,
King Saud University. Adult male Sprague Dawley rats of 8-
9 weeks of age (200–220 g) were overnight fasted and STZ
65mg/kg in 10mM sodium citrate buffer, pH 4.5 (Sigma, St.
Louis,MO,USA)was injected intraperitoneal. Equal volumes
of citrate buffer were injected in nondiabetic animals. Rats
were considered diabetic if their blood glucose was greater
than 250mg/dL. Age-matched normal rats served as controls.

Two weeks later, the diabetic rats were randomly divided
into 2 groups matched for body weight and blood glucose:
diabetic group without treatment (D, N = 10) and diabetic
group given 1,5-isoquinolinediol (3mg/kg/day, intraperi-
toneal; Santa Cruz Biotechnology, CA) (Dib + ISO, N = 10).
This dose of 1,5-isoquinolinediol was based on previous stud-
ies [28]. After 4 weeks of diabetes, the rats were euthanized
by an overdose of chloral hydrate, the eyes were removed, and
retina was isolated and frozen immediately in liquid nitrogen
and stored at −80∘C to be analyzed by Western blot analysis
or biochemical assay.

2.2. Immunohistochemical Analysis. The C57Bl/6J mice were
made diabetic by intraperitoneal injection of Streptozotocin
for five consecutive days. Mice with blood glucose above
200mg/dL, 3 days after the last injection of streptozotocin,
were considered as diabetic. Age-matched normal C57Bl/6J
mice served as controls. After 12 weeks of diabetes, the mice
were euthanized by an overdose of chloral hydrate, the eyes
were removed, and were used for immunohistochemistry
by incubation in 10% paraformaldehyde for 30min. Then
the eyes were washed with PBS, fixed in optimal cutting
temperature compound (OCT), and immediately frozen in
liquid nitrogen for sectioning. Cryosections (10𝜇m)prepared
frommouse retina were fixed with 4% paraformaldehyde and
blocked with 10% normal goat serum and incubated with
rabbit polyclonal anti-PARP antibody overnight (1 : 150, Cat.
no. SC-7150, Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA). After rinsing the slides with PBS, these were
incubated with the secondary antibody (anti-rabbit-FITC
conjugated) for 1 hour. The slides were rinsed with PBS,
mounted with DAPI-containing mounting media (Vector
Laboratories), and imaged with an Olympus BX-UCB fluo-
rescent microscope (20x magnification).

2.3. Western Blot Analysis. Retinas were homogenized in
a western lysis buffer (30mM Tris-HCl, pH 7.4, 250mM
Na
3
VO
4
, 5mM EDTA, 250mM sucrose, 1% Triton X-

100 with Protease inhibitor). The lysate was centrifuged at
14,000×g for 10min at 4∘C, and the supernatant was col-
lected. Protein content was assayed by DC protein assay (Bio-
Rad Laboratories, Hercules, CA, USA). The tissue lysates
containing 40–50 𝜇g protein were separated on 8–15% SDS-
polyacrylamide gels and were transferred onto nitrocellulose
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membranes. The blots were blocked with 5% nonfat milk
in TBST (20mM Tris-HCl, pH 7.6, 136mM NaCl, and 0.1%
Tween-20).

For detection of PARP, p-ERK
1/2

, BDNF, synaptophysin,
and cleaved caspase-3, the membrane was incubated over-
night at 4∘C with mouse monoclonal anti-PARP (1 : 200, Cat.
no. ab110915, Abcam, UK), rabbit polyclonal anti-ERK

1/2

(1 : 300, Cat. no. ab17942, Abcam), mouse monoclonal anti-
phosphorylated ERK

1/2
(1 : 300, Cat. no. ab50011, Abcam),

mouse monoclonal anti-BDNF (1 : 500, Cat. no. SC-65513,
Santa Cruz Biotechnology), goat polyclonal anti-synapto-
physin (1 𝜇g/mL, Cat. no. AF-5555, R&D Systems,Minneapo-
lis, MN, USA), goat polyclonal anti-GS (1 : 500, SC-6640,
Santa Cruz Biotechnology), and rabbit monoclonal anti-
caspase-3 (1 : 300, Cat. no. MAB835, R&D Systems). After
overnight incubation with primary antibodies, the mem-
branes were washed four times with TBS-T (5min each). For
PARP, p-ERK

1/2
, and BDNF, the membrane was incubated

at room temperature for 1.5 h with anti-mouse secondary
horseradish peroxidase-conjugated antibody (1 : 2000, SC-
2005, Santa Cruz Biotechnology), for synaptophysin with
anti-goat secondary horseradish peroxidase-conjugated anti-
body (1 : 2000, SC-2768, Santa Cruz Biotechnology), and for
ERK
1/2

and cleaved caspase-3, with anti-rabbit secondary
horseradish peroxidase-conjugated antibody (1 : 2000, SC-
2004, Santa Cruz Biotechnology). After incubations with
secondary antibodies, membranes were washed four times
with TBS-T (5min each) and the immunoreactivity of bands
was visualized on a high-performance chemiluminescence
machine (G: Box Chemi-XX8 from Syngene, Synoptic Ltd.
Cambridge, UK) by using enhanced chemiluminescence plus
Luminol (SC-2048, Santa Cruz Biotechnology) and quanti-
fied by densitometric analysis using image processing and
analysis in GeneTools (Syngene by Synoptic Ltd. Cambridge,
UK). As a control, the blots were stripped and detected
with a mouse monoclonal anti-𝛽-actin (1 : 2000, SC-47778,
Santa Cruz Biotechnology), antibody. All data from the three
independent experiments were expressed as a ratio to OD.

2.4. Reactive Oxygen Species Measurements. Reactive Oxy-
gen Species (ROS) generation was measured in retinal tis-
sue homogenates using a 2,7-dichlorofluorescein-diacetate
(DCHFDA) [29]. DCFHDA, a nonfluorescent dye, is cleaved
by esterase activity to yield DCFH, which is subsequently
oxidized by a variety of ROS to form dichlorofluorescein
(DCF), which is fluorescent. Retinas were homogenized in
PBS in presence of protease inhibitor using a glass homog-
enizer. Samples containing 20 𝜇g proteins diluted in PBS
were incubated with 5 𝜇M DCFHDA (Invitrogen, CA, USA)
in the dark for 15min. Fluorescence was measured using
a spectraMax Gemini-XPS (Molecular Devices, CA, USA)
every 15min for 1 h with excitation and emission wavelengths
of 488 nm and 525 nm.

2.5. Apocynin Treatment. STZ-induced diabetic rats were
divided into 2 groups: the rats in group I received normal
drinking water without any supplementation, and those in

group II received drinking water supplemented with apoc-
ynin (15mg/kg/day in drinkingwater; SantaCruzBiotechnol-
ogy) immediately after establishment of diabetes.This dose of
apocynin was based on previous studies [30]. Each group had
8–12 rats. After 4 weeks of diabetes, the rats were euthanized
by an overdose of chloral hydrate, the eyes were removed, and
retina was isolated and frozen immediately in liquid nitrogen
and stored at −80∘C to be analyzed by Western blot analysis
or biochemical assay.

2.6. Statistical Analysis. Each measurement was made in
duplicate, and the assay was repeated three or more times.
Data are expressed as mean ± SD and experimental groups
were compared using the nonparametric Kruskal-Wallis test
followed by the Mann-Whitney test for multiple-group com-
parison. A 𝑃 value ≤0.05 indicated statistical significance.
SPSS version 12.0 was used for the statistical analyses.

3. Results

3.1. Metabolic Changes Induced by Diabetes. The body
weights of the diabetic rats were significantly lower and
their blood glucose values were more than fourfold higher
compared with age-matched normal control rats (170 ± 22
versus 270 ± 28 g and 453 ± 32 versus 111 ± 12mg/dL, resp.).
1,5-isoquinolinediol treatments to diabetic rats for 2 weeks
did not affect the body weight and blood glucose levels
compared to untreated diabetic rats (182 ± 25 versus 170 ±
22 g and 469 ± 36 versus 453 ± 32mg/dL).

3.2. Effect of Diabetes on Retinal Expression and Activation
of PARP. Retinal PARP immunoreactivity (green FITC fluo-
rescent staining) was upregulated in diabetic rats compared
with nondiabetic controls. PARP was localized primarily
in the ganglion cell and inner nuclear layers of the retina
(Figure 1(a)). Representative Western blot image of retinal
poly(ADP-ribosyl)ated proteins in control and diabetic rats
was maintained with and without PARP inhibitor treatment
(Figure 1(b)). Western blot analysis demonstrated significant
upregulation of PARP-1/2 expression in diabetic retinas
compared to nondiabetic retinas. The expression of PARP-
1/2 protein in the retinas of diabetic rats was upregulated by
about 40% as compared to the retinas of nondiabetic rats
(Figure 1(c)).

3.3. Effect of Diabetes on Retinal Expression of Mediators
and Markers of Neurodegeneration. Western blot analysis
demonstrated significant upregulation of ERK

1/2
phospho-

rylation in diabetic retinas compared to nondiabetic retinas.
The phosphorylation of ERK

1/2
protein in the retinas of

diabetic rats was upregulated by about 45% as compared to
the retinas of nondiabetic rats (Figure 2). The neurotrophin
BDNF was significantly downregulated in diabetic retinas
compared to nondiabetic controls. BDNF expression in the
retinas of diabetic rats was decreased by about 52% compared
to nondiabetic controls (Figure 3). The expression of the
synaptic vesicle protein synaptophysin in the retinas of
diabetic rats was downregulated by about 35% as compared
to the retinas of nondiabetic rats (Figure 4). GS is an enzyme
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Figure 1: Effect of 1,5-isoquinolinediol on retinal poly(ADP-ribose) polymerase (PARP) expression in diabetes. (a) Cryosections fromnormal
(N) and diabetic (D) retina were subjected to immunostaining using anti-PARP antibodies (green) and DAPI (blue) was used to stain the
nuclei.The sections were imaged at 20xmagnification using Olympus BX-UCB fluorescent microscope. RGC: retinal ganglion cell; IPL: inner
plexiform layer; INL: inner nuclear layer; ONL: outer nuclear layer. (b) RepresentativeWestern blot analyses of retinal poly(ADP-ribosyl)ated
proteins in control and diabetic rats maintained with and without PARP inhibitor treatment. (c) PARP activation was measured by western
blot technique, and the ratio of active PARP-2 (85KDa) and pro-PARP-1 (120 kDa) was calculated in control and diabetic rats maintained
with and without PARP inhibitor treatment. Measurements were made in duplicate in six to eight rats in each group. Western blots are
representative of three different experiments. Results are expressed as mean ± SD. Values obtained from nondiabetic rats are considered as
100%. N: nondiabetic rat; D: diabetic rat; D + IQ: diabetic rat treated with 1,5-isoquinolinediol. ∗𝑃 < 0.05 compared with nondiabetic rat.
#
𝑃 < 0.05 compared with diabetic rat.

which converts glutamate into glutamine; protein expression
was significantly decreased by about 58% in diabetic retinas
compared to nondiabetic retinas (Figure 5). Cleaved caspase-
3, the apoptosis executer enzyme, was significantly upregu-
lated in diabetic retinas compared to nondiabetic controls.
Cleaved caspase-3 levels in the retinas of diabetic rats were
increased by about 65% compared to nondiabetic controls
(Figure 6).

3.4. Effect of Diabetes on Retinal ROS Generation. Spectroflu-
orometric analysis demonstrated significant upregulation of
ROS generation in diabetic retinas compared to nondia-
betic retinas. ROS production in retinas was determined by

DCFH-DA probe.The levels of DCF fluorescence intensity in
the retina of diabetic rats were increased by 40% as compared
to control rats (Figure 7).

3.5. The PARP Inhibitor 1,5-Isoquinolinediol Attenuates
Diabetes-Induced PARP Upregulation. 1,5-isoquinolinediol
is a potent PARP antagonist and decreases PARP activity
in diabetic retina [28]. We employed 1,5-isoquinolinediol
to investigate the antineurodegeneration function in the
retinas of diabetic rats. Diabetic rats that were treated
with 1,5-isoquinolinediol showed significant attenuation of
PARP-1/2 activation by about 60% as compared to untreated
diabetic rats (Figure 1(c)).
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Figure 2: Effect of 1,5-isoquinolinediol on retinal ERK
1/2

activation
in diabetes. Relative abundance of phosphorylated ERK

1/2
(p-

ERK
1/2
) and total ERK

1/2
(𝑡-ERK

1/2
) was determined by Western

blotting, followed by densitometry. Data are expressed as percentage
change in phosphorylation over 𝑡-ERK

1/2
and are expressed asmean

± SD. Values obtained from nondiabetic rats are considered as 100%.
N: nondiabetic rat; D: diabetic rat; D + IQ: diabetic rat treated with
1,5-isoquinolinediol. ∗𝑃 < 0.05 compared with nondiabetic rat.
#
𝑃 < 0.05 compared with diabetic rat.

3.6. The PARP Inhibitor 1,5-Isoquinolinediol Attenuates the
Effect ofDiabetes. Western blot analysiswas used to assess the
effect of 1,5-isoquinolinediol on diabetes-induced alterations
of p-ERK

1/2
, BDNF, synaptophysin, GS, cleaved caspase-3,

and ROS. 1,5-isoquinolinediol administration significantly
attenuated diabetes-induced upregulation of p-ERK

1/2
and

cleaved caspase-3 by about 40% and 60%, respectively. In
the 1,5-isoquinolinediol-treated diabetic rats, the decrease in
BDNF, synaptophysin, andGS caused by diabetes was attenu-
ated by about 50%, 34%, and 50%, respectively (Figures 2–6).
The levels of ROS generation are attenuated by about 35% in
the retina of diabetic rats treated by 1,5-isoquinolinediol as
compared to untreated diabetic rats (Figure 7).

3.7. Effect of the Specific ROS Inhibitor Apocynin on PARP-
1/2 Expression. Several previous studies have shown that
PARP activation is mediated via excess ROS generation
[31]. Therefore, we determined the expression levels PARP-
1/2 expression in retina from the control, diabetic, and
apocynin-treated rats. Pooled data accrued from multiple
retinal preparations, as determined by Western blotting and
densitometry, indicated a significant upregulation in the
expression of PARP-1 in the diabetic retina comparedwith the
control. Constant apocynin intake from the onset of diabetes
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Figure 3: Effect of 1,5-isoquinolinediol on retinal brain-derived
neurotrophic factor (BDNF) expression in diabetes. The expression
of BDNF in retinal homogenate was determined byWestern blotting
technique. The histogram represents the mean band intensity (from
6–8 rats in each group) of BDNF adjusted to the intensity of 𝛽-
actin in the same sample. Values obtained from nondiabetic rats
are considered as 100%. N: nondiabetic rat; D: diabetic rat; D + IQ:
diabetic rat treated with 1,5-isoquinolinediol. ∗𝑃 < 0.05 compared
with nondiabetic rat. #

𝑃 < 0.05 compared with diabetic rat.

significantly attenuated diabetes-induced upregulation of
PARP-1/2 (Figure 8).

4. Discussion

In the present study, we investigated the role of PARP inhi-
bition on diabetes-induced retinal neuropathy. We demon-
strated that in the diabetic retina, PARP activation, ROS,
p-ERK

1/2
, and cleaved caspase-3 levels were significantly

increased. On the other hand, diabetes induced significant
downregulation of the neurotrophin BDNF, the synaptic
function marker synaptophysin, and GS. Administration
of PARP inhibitor to diabetic rats significantly attenuated
diabetes-induced increased expressions of PARP activation,
ROS, p-ERK

1/2
, and cleaved caspase-3 and decreased BDNF,

synaptophysin, and GS levels in the retinas.
Here, we report that retinal PARP immunoreactivity

was upregulated in diabetic rats compared with nondiabetic
controls. PARP immunoreactivity was localized primarily in
the ganglion cell and inner nuclear layers of the retina. Simi-
larly, the protein expressions of PARP-1/2 were upregulated
by diabetes in the retina. Our results are consistent with
previous reports that demonstrated upregulation of PARP
expression in the diabetic retinas [28]. Here, we also report
that diabetes-induced upregulation of PARP expression in the
retina was prevented by the specific ROS inhibitor apocynin.
Our results are also in agreement with previous reports that
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Figure 4: Effect of 1,5-isoquinolinediol on retinal synaptophysin
expression in diabetes. The expression of synaptophysin in retinal
homogenates was determined by Western blotting technique. The
histogram represents the mean band intensity (from 6–8 rats in
each group) of synaptophysin adjusted to the intensity of 𝛽-actin
in the same sample. Values obtained from nondiabetic rats are
considered as 100%. N: nondiabetic rat; D: diabetic rat; D + IQ:
diabetic rat treated with 1,5-isoquinolinediol. ∗𝑃 < 0.05 compared
with nondiabetic rat. #

𝑃 < 0.05 compared with diabetic rat.

demonstrated increased levels of ROS and PARP in STZ-
induced diabetic rat retinas [22, 23, 32]. Zheng et al. [33]
reported that excessive oxidative stress is responsible for the
upregulation of PARP in the diabetic retinas. Furthermore,
supplementation of antioxidants such as simvastatin signif-
icantly attenuated diabetes-induced ROS generation, PARP
activation, retinal capillary cells apoptosis, and formation
of acellular capillaries in the retina. It was also shown that
the early retinal changes induced by diabetes involve the
overexpression of PARP, whose activation is associated with
a retinal capillary cell apoptosis [22].

We showed here that the ROS level was reduced in the
retinas of diabetic rats treated with the PARP inhibitor. Thus,
our findings suggest that diabetes-induced ROS production
in the retina appears to be alsomediated by PARP. Our results
are in agreement with previous reports that demonstrated
that PARP inhibition attenuates the erectile impairment in
diabetic rats by inhibition of ROS generation [34]. Similarly,
Szabó et al. [35] suggested that ROS generation is a down-
stream target of hyperglycemia-induced PARP activation, as
PARP inhibitors blocked the hyperglycemia-induced ROS
generation in podocytes. Taken together, these findings sug-
gest the presence of a positive feedback regulation between
PARP activation and ROS generation in the diabetic retina.

The principal mediator responsible for the dysregulation
of neurodegenerative markers such as BDNF, synaptophysin,
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Figure 5: Effect of 1,5-isoquinolinediol on retinal GS expression in
diabetes. The expression of GS in retinal homogenates was deter-
mined byWestern blotting technique. The histogram represents the
mean band intensity (from 6–8 rats in each group) of GS adjusted
to the intensity of 𝛽-actin in the same sample. Values obtained
from nondiabetic rats are considered as 100%. N: nondiabetic rat;
D: diabetic rat; D + IQ: diabetic rat treated with 1,5-isoquinolinediol.
∗

𝑃 < 0.05 comparedwith nondiabetic rat. #
𝑃 < 0.05 comparedwith

diabetic rat.

and GS is ROS, which is produced by high glucose in
the retina [36]. It has been proposed that diabetic-related
retinal neuropathy is a result of impaired BDNF, synap-
tophysin, and GS expressions [3, 18, 26]. Previous studies
demonstrated that one month of diabetes decreases the
retinal expression of BDNF and synaptophysin [1, 3], and that
the antioxidant lutein prevented BDNF and synaptophysin
reduction and avoided increase in cleaved caspase-3 in the
diabetic retina [3] suggesting that local oxidative stress has a
neurodegenerative influence in diabetic retina. In addition,
previous studies indicated that the expression of GS was
significantly decreased in the diabetic rat retinas [17, 18].
Downregulation of GS activity resulted in elevated glutamate
levels [17, 19, 20], which might induce retinal neuropathy
via glutamate excitotoxicity. We found that PARP inhibition
by 1,5-isoquinolinediol significantly prevented the diabetes-
induced downregulation in BDNF, synaptophysin, and GS
and upregulation of cleaved caspase-3 expressions. The
mechanism by which the PARP inhibitor prevents diabetes-
induced changes in the expression of BDNF, synaptophysin,
GS, and caspase-3 in the retinas remains unclear. However,
our findings suggested that inhibition of PARP that attenuates
diabetes-induced changes in the expression of BDNF, synap-
tophysin, GS, and caspase-3 could bemediated by attenuating
ROS generation.
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Figure 6: Effect of 1,5-isoquinolinediol on retinal cleavage of caspase-3 in diabetes. Cleavage of caspase-3 was measured by Western blot
analysis, and the ratio of active caspase-3 (17 KDa) and pro-caspase-3 (37 kDa) was calculated in control and diabetic ratsmaintained with and
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rat; D: diabetic rat; D + IQ: diabetic rat treated with 1,5-isoquinolinediol. ∗𝑃 < 0.05 compared with nondiabetic rat. #
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with diabetic rat.
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Figure 7: Effect of 1,5-isoquinolinediol on retinal reactive oxygen species (ROS) levels in diabetes. Freshly prepared retinal homogenates
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𝑃 < 0.05 compared with diabetic rat.

An additional mechanism that may contribute to the
protective effect of PARP inhibition could be related to
the suppression of ERK

1/2
activation. ERK

1/2
is a protein

kinase intracellular signaling molecule that regulates the
expression of genes involved in cell survival, apoptosis, and
inflammatory response. Inhibition of ERK activation in the

retina by its specific inhibitor U0126 blocks the actions of
diabetes that causes upregulation of VEGF and inflammatory
biomarkers, suggesting that ERK activation is involved in
the pathogenesis of diabetic retinal dysfunction [37, 38].
Moreover, a previous study also documented that inhibition
of ERK activation in the retina by lutein blocks the actions
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of diabetes that cause BDNF depletion and synaptophysin
reduction [3]. It is known that the PARP activity is mediated
by ERK-dependent phosphorylation [39–41] and persistent
ERK activation has been shown in many complication-prone
tissues in diabetes, including vascular smooth muscle cells,
endothelial cells, peripheral nerves, and pericytes [42–44].
Here, we report that ERK

1/2
is activated in the retinas

of diabetic rats and 1,5-isoquinolinediol treatment inhibits
ERK
1/2

activation, thus suggesting that ERK activation may
be a target of diabetes-associated PARP activation. Consistent
with our findings, previous studies demonstrated that PARP-
1 inhibition prevents ERK

1/2
phosphorylation [45, 46], but

the signaling events downstream of PARP-1 activation are
not fully identified. The mechanism by which the PARP
inhibitor prevents diabetes-induced ERK

1/2
phosphorylation

in the retinas could be by lowering ROS generation as ERK
1/2

activation is known to be induced by oxidative stress [47–49].
In conclusion, these data suggest that PARP activation

mediates diabetes-induced increased oxidative stress, down-
regulation of BDNF, synaptophysin, and GS, and upregu-
lation of caspase-3. Collectively, our present data suggest
that blocking PARP signaling pathways might be a novel
therapeutic strategy for neuronal dysfunction in vision-
threatening diabetic retinopathy.
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3 Department of Ophthalmology, General Hospital Dubrovnik, Dr. Roka Mišetića 2, 20000 Dubrovnik, Croatia
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The aim of the study was to investigate whether body mass index (BMI) independently or in correlation with other risk factors is
associatedwith diabetic retinopathy (DR) progression.The study included 545 patients with type 2 diabetes. According toDR status,
they were divided into three groups: group 1 (no retinopathy; 𝑛 = 296), group 2 (mild/moderate nonproliferative DR; 𝑛 = 118),
and group 3 (severe/very severe NPDR or proliferative DR; 𝑛 = 131). Patients without DR were younger than those with signs of
retinopathy at time of diabetes onset whilst diabetes duration was longer in groups with severe NPDR and PDR. DR progression
was correlated with diabetes duration, BMI, HbA

1
c, hypertension, and cholesterol. Statistical analyses showed that the progression

of retinopathy increased significantly with higher BMI (gr. 1: 26.50 ± 2.70, gr. 2: 28.11 ± 3.00, gr. 3: 28.69 ± 2.50; 𝑃 < 0.01). We
observed a significant deterioration of HbA

1
c and a significant increase in cholesterol and hypertension with an increase in BMI.

Correlation between BMI and triglycerides was not significant.Thus, BMI in correlation with HbA
1
c cholesterol and hypertension

appears to be associated with the progression of DR in type 2 diabetes and may serve as a predictive factor for the development of
this important cause of visual loss in developed countries.

1. Introduction

Overweight (body mass index, BMI ≥ 25 kg/m2) and obesity
(BMI ≥ 30 kg/m2) have become a growing global public
health problem with increasing prevalence in many affluent
societies as well as in developing countries [1–3]. Currently,
300 million people are considered to be obese and due to this
rising trend, it is anticipated that this figure could double by
the year of 2025. Addressing the problem of obesity becomes
important since being a disease itself it represents a risk
for many metabolic and cardiovascular diseases including
type 2 diabetes [4]. The number of patients with type 2
diabetes is rapidly increasing in many countries around the
world irrespective of its phase of development. It is projected

that by 2025 there will be 380 million people with type
2 diabetes and 418 million people with impaired glucose
tolerance owing to an increase in obesity, inactivity, life span
extension, and better detection of the disease [5]. This global
increase of diabetes incidence has a significant impact on the
prevalence of diabetic complications among which diabetic
retinopathy (DR) takes an important place [6, 7]. DR is a
leading cause of acquired blindness in working-age adults
and has been estimated to represent 12% of blindness in
developed countries [8, 9]. The diagnosis of type 2 diabetes
is often preceded by years of undiagnosed hyperglycaemia.
Thus, in a number of patients, DR is present at the time of
diagnosis: 37% of them already having microaneurisms or
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more severe retinopathy in one and 18% having retinopathy
in both eyes [10, 11]. The prevalence of retinopathy increases
with the duration of diabetes and is related to hyperglycemia,
hypertension, hyperlipidemia, pregnancy, nephropathy, and
anemia [12–14].

Since DR has become a main cause of vision loss and
blindness worldwide, intense focus on the early prevention
of DR and the benefit of controlling modifiable risk factors
has become increasingly important. Numerous population-
based studies and clinical trials have confirmed that longer
duration of diabetes, poor glycemic control, and increased
blood pressure (BP) are the key risk factors for the devel-
opment and progression of DR [12, 13]. However, evidence
from new recent trials such as the Action in Diabetes and
Vascular Disease (ADVANCE) [15] and the Action to Control
Cardiovascular Risk in Diabetes (ACCORD-Eye) [16] has
nonetheless shown that risk reduction for DR with better
glucose and BP management has been limited. Thus, a better
understanding of the role of other modifiable risk factors
including obesity in the development and progression of DR
becomes even more valuable.

The evidence supporting a relationship betweenhighBMI
and increased risk of DR is inconclusive [17–31]. Some studies
have demonstrated a relationship between obesity or higher
BMI and an increased risk ofDR [19–27], whereas others have
reported conflicting results [28–31].

Considering that obesity is becoming increasingly preva-
lent in today’s society and since it can be managed by
lifestyle intervention, namely, nutrition, exercise, and edu-
cation studying, its impact on diabetic complications has
certain logic and benefits. Thus, the aim of the present
study was to investigate whether obesity independently or in
association with other established risk factors influences DR
development in type 2 diabetic patients.

2. Patients and Methods

This cross-sectional study as performed in collaboration
with the Ophthalmology Departments of three Croatian
Hospitals in accordance with the Declaration of Helsinki
and approved by the Ethics Committee of each Hospital.
The patients included in the study received both written and
oral information concerning the study and signed a written
informed consent.

2.1. Patients. A total of 545 patients with type 2 diabetes were
included in the study. They were taking either oral hypo-
glycemic agent (OHA) or insulin therapy. Type 2 diabetes
was defined according to the American Diabetes Association
classification [32]. Patients with malignancies, immunologic,
and infectious inflammatory diseases as well as patients
receiving corticosteroids or cytostatics, pregnant women, and
patients with other eye diseases (mature cataract, uveitis, age-
related macular degeneration) were excluded from the study.

2.2. Methods. This study included diabetic patients who
attended their regular medical and ophthalmological check-
ups for six months period. Patients who met all inclusion

criteria were invited to participate in the study and signed the
consent form. Blood samples for laboratory analyseswere col-
lected between 08:00 and 10:00 am after a 12 hour overnight
fast and complete clinical and ophthalmic examinations were
performed.

2.2.1. Blood Samples. Glycated hemoglobin value (HbA
1
c),

total cholesterol, and triglycerides were measured. HbA
1
c

was determined by an automated immunoturbidimetric assay
(reference values 3.5–5.7%) [33]. Total cholesterol and triglyc-
erides were measured by the enzymatic colorimetric tests
(reference values: total cholesterol < 5.00mmol/L; triglyc-
erides < 1.70mmol/L) [34, 35].

2.2.2. Anthropometric Parameters. BMI as a common index
of obesity was calculated by dividing weight and height
squared (kg/m2).Weightwasmeasured using a balance-beam
scale and height was measured using a wall-mounted sta-
diometer with patients in their underwear andwithout shoes.
Recommended value of BMI amongmenwas considered<23
and among women <22 kg/m2 with a normal range being
between 18.5 and 24.9 kg/m2 [36].

2.2.3. Clinical Parameters. Blood pressurewasmeasuredwith
an ambulatory sphygmomanometric device after a 5min rest
and themean of threemeasurements was used. Hypertension
was defined as blood pressure > 130/80mmHg or the use of
antihypertensive treatment.

2.2.4. Ophthalmologic Examination. Complete eye examina-
tion included best corrected visual acuity (BCVA), Gold-
mann applanation tonometry, slit lamp biomicroscopy of
the anterior eye segment, binocular indirect slit lamp fun-
doscopy, and fundus photography after mydriasis with top-
ically administrated 1% tropicamide and 5% phenylephrine
eye drops. Color fundus photographs of two fields’, namely,
macular field and disc/nasal field of both eyes, were taken
with a suitable 45∘ fundus camera (VISUCAM, Zeiss) accord-
ing to the Europe and Diabetes Study (EURODIAB) retinal
photography methodology [37]. Macular field: where the
exact centre of the optic disc is laid at the nasal end of the
horizontal meridian of the field view. Disc/nasal field: where
the optic disc is positioned one disc-diameter in from the
temporal edge of the field on the horizontal meridian. The
EURODIAB classification scheme was applied since it uses
two-field 45∘ fundus photography and standard photographs
to grade retinal lesions [38]. According to the DR status,
patients were divided into three groups: group 1 (no retinopa-
thy; 𝑛 = 296), group 2 (mild/moderate nonproliferative
DR (NPDR); 𝑛 = 118), and group 3 (severe/very severe
NPDR or proliferative diabetic retinopathy (PDR); 𝑛 = 131).
The severity of retinopathy was determined according to the
status of the seriously affected eye using fundus photographs.

2.3. Statistical Analyses. For all, analyzed variables descrip-
tive statistics (𝑛, mean ± standard deviation) were done.
Comparison between groups was performed using ANOVA
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Table 1: Basic characteristics of type 2 diabetic patients (𝑛 = 545)
divided into three groups according to diabetic retinopathy status.

Group 1
(𝑛 = 296)

Group 2
(𝑛 = 118)

Group 3
(𝑛 = 131) 𝑃

Sex (m/f)∗ 51.35/48.65 45.76/54.24 56.49/43.51
Age (years)∗∗ 67.68 ± 9.6 70.87 ± 7.8 67.28 ± 8.1 <0.01
Onset of diabetes
(years)∗ 56.94 ± 9.8 55.29 ± 9.6 51.44 ± 9.2 <0.01

Diabetes duration
(years)∗∗ 10.62 ± 5.1 15.79 ± 7.5 15.73 ± 6.4 <0.01

∗(%); ∗∗mean ± SD.
Group 1: no retinopathy, Group 2: mild/moderate nonproliferative diabetic
retinopathy, and Group 3: severe/very severe nonproliferative diabetic
retinopathy or proliferative diabetic retinopathy.

Table 2: Body mass index (BMI) of type 2 diabetic patients (𝑛 =
545) divided into three groups according to diabetic retinopathy
status.

Group 1
(𝑛 = 296)

Group 2
(𝑛 = 118)

Group 3
(𝑛 = 131) 𝑃

BMI (kg/m2)∗ 26.50 ± 2.7 28.11 ± 3.0 28.69 ± 2.5 <0.01
∗Mean ± SD.
Group 1: no retinopathy, Group 2: mild/moderate nonproliferative diabetic
retinopathy, and Group 3: severe/very severe nonproliferative diabetic
retinopathy or proliferative diabetic retinopathy.

analysis of variances [38]. Nominal scaled data was tested
with the chi-square-test (𝜒2). The relationship between DR,
obesity (defined by BMI), and risk factors was analyzed using
Pearson’s correlation test. To test the hypothesis of indepen-
dence features, the chi-square-test (𝜒2) was conducted. Data
were analyzed with IBM SPSS software version 12.0 [39].
In all the analyses, 𝑃 value of less than 0.01 and 0.05 were
considered statistically significant.

3. Results

This study included 545 patients with type 2 diabetes (280
male (51%), 265 female (49%))with amean age of 68.28 ± 8.99
years. The mean age at onset was 55.26 ± 9.86 years and the
mean duration of diabetes was 12.97 ± 6.51 years. According
to the diabetic retinopathy status, they were divided into
three groups: group 1 (no retinopathy; 𝑛 = 296), group 2
(mild/moderate NPDR; 𝑛 = 118), and group 3 (severe/very
severe NPDR or proliferative diabetic retinopathy (PDR), 𝑛 =
131). Incidence of any form of retinopathy in the examined
patients (𝑛 = 545) was 46% of which 19% had severe to very
severe NPDR and 5% had PDR.

Table 1 presents descriptive statistics of basic character-
istics of type 2 diabetic patients divided into three groups
according to DR status. There was no difference in gender
between the investigated groups. Group 2 was found to be
significantly older than groups 1 and 3 (70.87±7.8 years versus
67.68±9.6 and 67.28±8.1 years;𝑃 < 0.01), whilst group 3 was
younger than groups 1 and 2 when diabetes was diagnosed
(51.44 ± 9.2 years versus 56.94 ± 9.8 and 55.29 ± 9.6 years;
𝑃 < 0.01). Duration of diabetes was significantly longer in

Table 3: Metabolic and clinical parameters of type 2 diabetic
patients (𝑛 = 545) divided into three groups according to diabetic
retinopathy status.

Group 1
(𝑛 = 296)

Group 2
(𝑛 = 118)

Group 3
(𝑛 = 131) 𝑃

HbA1c (%)∗ 7.14 ± 0.9 7.96 ± 1.1 8.92 ± 1.4 <0.01
Total cholesterol
(mmol/L)∗ 4.60 ± 0.9 4.77 ± 1.1 5.24 ± 1.1 <0.01

Triglycerides
(mmol/L)∗ 1.44 ± 0.7 1.50 ± 0.5 1.59 ± 0.53 <0.05

Systolic blood
pressure (mmHg)∗ 138.24 ± 11.5 145.93 ± 11.7 151.95 ± 13.14 <0.01

Diastolic blood
pressure (mmHg)∗ 83.94 ± 5.71 86.53 ± 6.2 91.30 ± 8.05 <0.01

∗Mean ± SD.
Group 1: no retinopathy, Group 2: mild/moderate nonproliferative diabetic
retinopathy, and Group 3: severe/very severe nonproliferative diabetic
retinopathy or proliferative diabetic retinopathy.

groups 2 and 3 than in group 1 (15.79 ± 7.5 and 15.73 ± 6.4
years versus 10.62 ± 5.1 years; 𝑃 < 0.01).

Body mass index was significantly higher in groups 2 and
3 than in group 1 (28.11 ± 3.0 and 28.69 ± 2.5 kg/m2 versus
26.50 ± 2.7 kg/m2; 𝑃 < 0.01) (Table 2).

In order to analyze other factors that have an influence on
the development of DR, we classified metabolic and clinical
parameters in the investigated groups according to DR status
(Table 3). We observed a significant deterioration of HbA

1
c

(𝑃 < 0.01) and a significant increase in total cholesterol (𝑃 <
0.01), triglycerides (𝑃 < 0.05) as well as systolic (𝑃 < 0.01)
and diastolic blood pressure (𝑃 < 0.01) with the progression
of retinopathy.

DR was marginally negatively correlated with the onset
of diabetes (𝑃 = −0.120), whilst a significantly positive
correlation with diabetes duration (𝑃 = 0.377), BMI (𝑃 =
0.338), HbA

1
c (𝑃 = 0.583), total cholesterol (𝑃 = 0.281), and

systolic (𝑃 = 0.446) and diastolic blood pressure (𝑃 = 0.430)
was observed. The correlation between DR and triglycerides
was marginally positive (𝑃 = 0.115). These data are shown in
Table 4.

BMI was significantly positively correlated with HbA
1
c

(𝑃 = 0.674) and systolic (𝑃 = 0.509) and diastolic blood
pressure (𝑃 = 0.435), whereas marginally positively cor-
related with the onset of diabetes (𝑃 = 0.209) and total
cholesterol (𝑃 = 0.110). There was no correlation between
BMI and triglycerides (𝑃 = 0.077). These data are shown in
Table 5.

Table 6 presents the significant and independent associ-
ation of BMI and the prevalence of DR in type 2 diabetic
patients (𝑃 < 0.01) evaluated by 𝜒2 hypothesis testing.

4. Discussion

Type 2 diabetes represents one of the most detrimental
diseases and significant public health problems due its high
incidence and prevalence as well as high risk of diabetic
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Table 4: Correlation between diabetic retinopathy and diabetes
duration, body mass index, metabolic, and clinical parameters in
type 2 diabetic patients (𝑛 = 545).

Diabetic retinopathy
Correlation test∗

Onset of diabetes −0.120∗∗

Diabetes duration 0.377∗∗

Body mass index (BMI) 0.338∗∗

HbA1c 0.583∗∗

Total cholesterol 0.281∗∗

Triglycerides 0.115∗∗

Systolic blood pressure 0.446∗∗

Diastolic blood pressure 0.430∗∗
∗∗Correlation is significant at the 0.01 level (2-tailed).

macro- and microvascular complications. DR, a sight threat-
ening microvascular complication of diabetes, is the leading
cause of blindness and visual dysfunction in the working
age population in developed countries [7, 8]. According to
a study conducted to estimate the global prevalence of DR,
35% of people with diabetes had some form of DR, 7% had
PDR, 7% had DME whilst 10% had vision threatening DR,
defined as the presence of PDR and/or DME [40]. Prevalence
of DR in individuals with long-standing diabetes (20 years or
more) exceeded 50% [41]. In our investigated group, themean
duration of diabetes was 12.97±6.51 years with prevalence of
any form of retinopathy being 46% whilst 19% of the patients
had severe to very severe NPDR and 5% of them had PDR.

Many previous epidemiological and clinical studies have
shown that diabetes duration and prolonged poor glycemic
control are themain predictors of the prevalence and progres-
sion of retinopathy in patientswith type 2 diabetes [21, 42, 43].
The results of our study are consistent with these findings.
Significant differences in the onset and the duration of
diabetes between our investigated groups were observed with
advanced stages of DR in those patients with a longer dura-
tion of diabetes. Furthermore, the obtained results indicated
the existence of statistically significant differences for HbA

1
c,

total cholesterol and triglycerides between the investigated
groups. In addition to quality of metabolic control, hyper-
tension is another important risk factor for DR development
which is documented in many epidemiological studies and
clinical trials. The United Kingdom Prospective Diabetes
Study (UKPDS) and Appropriate Blood Pressure Control
in Diabetes (ABCD Study) have observed that strict blood
pressure control can prevent and/or limit the development
and progression of DR and visual dysfunction [44, 45]. Our
investigation indicated a significant difference in the level
of systolic and diastolic blood pressure between the groups
according to their DR status. It is worth noting that in
our patients without retinopathy, the average systolic blood
pressure was 138.24 ± 11.05mmHg and the average diastolic
blood pressure was 83.94 ± 5.71mmHg with these values
being very close to those recommended by the American
and European Societies of Cardiology [46, 47]. According to
our results, DR was significantly positively correlated with

Table 5: Correlation between body mass index and metabolic and
clinical parameters in type 2 diabetic patients (𝑛 = 545).

Body mass index (BMI)
Correlation test∗

Onset of diabetes 0.209∗

HbA1c 0.674∗∗

Total cholesterol 0.110∗

Triglycerides 0.077
Systolic blood pressure 0.509∗∗

Diastolic blood pressure 0.435∗∗
∗∗Correlation is significant at the 0.01 level (2-tailed).
∗Correlation is significant at the 0.05 level (2-tailed).

Table 6: Diabetic retinopathy in type 2 diabetic patients (𝑛 = 545)
divided into three groups according to their bodymass index (BMI).

Retinopathy BMI (kg/m2)
≤25.0

BMI (kg/m2)
25.1–29.9

BMI (kg/m2)
≥30.0 ∑

No retinopathy 80 190 26 296
Retinopathy 22 158 69 249
∑ 102 348 95 545
BMI: body mass index.

diabetes duration (𝑃 = 0.377), BMI (𝑃 = 0.338), total cho-
lesterol (𝑃 = 0.281), HbA

1
c (𝑃 = 0.583), and systolic (𝑃 =

0.446) and diastolic blood pressure (𝑃 = 0.430) whilst the
correlation with triglycerides was marginally positive (𝑃 =
0.115).

Good glycaemic control and strict treatment of hyperten-
sion significantly reduces the risk of microvascular compli-
cations [11, 48–50] and therefore remains the best available
treatment strategy to inhibit or prevent the development of
DR. However, tight control of these risk factors certainly may
reduce but not completely eliminate the risk of retinopathy,
it opens up a continuing need for the development of
new intervention strategies.These potential interventions are
limited by a deficiency of knowledge about the presumed
risk factors for retinopathy, their precise effects, and inter-
relationship. Therefore, in addition to the well known risk
factors, increasing attention is assigned to obesity specifi-
cally due to its frequency and interrelationship with type 2
diabetes. Obesity intensifies the risk of type 2 diabetes, its
macrovascular complications, and reduces life expectancy in
all age groups [4, 51]. An increase in BMI also correlated
significantly with the deterioration of HbA

1
c, a decrease in

HDL-cholesterol, an increase in triglycerides as well as a
higher prevalence of hypertension [24, 52]. The results of our
study also demonstrated a positive correlation between BMI
and investigated risk factors namely HbA

1
c (𝑃 = 0.674), total

cholesterol (𝑃 = 0.110), and systolic (𝑃 = 0.509) and diastolic
blood pressure (𝑃 = 0.435) with the strongest association
being with HbA

1
c.

The relationship between BMI and DR has been exam-
ined in a number of epidemiologic studies yielding incon-
sistent results. Most studies have reported a significant
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association between high BMI and obesity with DR [19–
27]. Conversely, others have reported an association between
low BMI and DR [29–31] suggesting a possible protective
role for higher BMI in the development of DR. This lack
of consensus may be partly explained by methodological
differences, differences in study participants, lack of compre-
hensive anthropometric measurements, inadequate clinical
sample size, and particularly racial or ethnic differences since
a negative correlation of BMI and DR was found in Asian
populations [29, 30]. Our study findings concur with those
studies that have reported an increased risk of DR in patients
with high BMI where we also found a significant difference
between investigated groups with the higher value being in
those with advanced stages of DR.

Although the underlying pathophysiologicalmechanisms
supporting the association between higher BMI and DR
are yet to be defined, several biological theories have been
proposed including the potential involvement of platelet
function, blood viscosity, aldose reductase activity, and vaso-
proliferative parameters such as vascular endothelial growth
factor (VEGF). Furthermore, both metabolic syndrome and
increased oxidative stress due to their associationwith obesity
and DR have also been suggested as possible pathophysio-
logical mechanisms [17, 53, 54]. Recently, increasing interest
has been directed to the role of vasoproliferative factors
particularly the VEGF in the pathogenesis of DR. The
concentration of VEGF has been found to be higher in the
vitreous of eyeswith PDR [55]. Likewise in the serumof obese
individuals’, elevated angiogenic factors includingVEGFhave
been observed partially owing to the presence of oxidative
stress [56] providing additional confirmation of the possible
link between obesity and PDR.

Furthermore, obesity increases the prevalence of several
risk factors involved in DR onset and development including
inflammatory markers. New data suggests that obesity is
associated with both increased local adipose and more gen-
eralized systemic inflammation. Adipose tissue is considered
to be an active endocrine and paracrine proinflammatory
organ that releases a large number of cytokines and bioactive
mediators, namely, leptin, adiponectin, interleukin-6 (IL-6),
tumour necrosis factor-𝛼 (TNF-𝛼) that influence not only
body weight homeostasis but also lipid levels, coagulation,
atherosclerosis and diabetes occurrence, insulin resistance,
inflammation, oxidative stress, and DR development. More-
over, endothelial dysfunction as an early marker of DR is also
present in obesity and is characterised by increased levels of
intracellular adhesion molecule-1 (ICAM-1) [57–60].

Ultimately, obesity and DR may also be connected owing
to increased oxidative stress as a result of its association with
hyperleptinemia [18, 61]. Plasma leptin levels are seen to be
elevated in obesity and correlate positively with both visceral
and subcutaneous fat areas [62]. High plasma leptin level
have been found to relate to both hypertensive and diabetic
retinopathy [61]. Pertinent to DR, recent findings show that
leptin promotes vascular endothelial cell proliferation and
angiogenesis in vitro and neovascularization in vivo [27, 63].
Conversely, adiponectin levels correlate negatively with vis-
ceral and subcutaneous fat areas [62], whilst low adiponectin
levels are associatedwith obesity and insulin resistance [27]. It

is observed that adiponectin values correlate negatively with
BMI [64], waist-to-hip ratio and plasma triglycerides are yet
to have a positive correlation to HDL cholesterol [27, 64].

Epidemiological data from various studies have identified
hyperlipidemia and hypertension which are connected with
obesity as risk factors forDR [17, 24, 65–67]. In fact,metabolic
syndrome encompassing these conditions has also been
shown to be associated with retinopathy [68]. Summarizing
these facts, obesity and associated insulin resistance may
increase the risk of DR development via several established
mechanisms, namely, dyslipidemia hypertension and glucose
dysmetabolism as well as some newmechanisms, whose roles
still need to be clarified such as leptin, adiponectin, IL-6,
TNF-𝛼 and ICAM-1. Mutually, they may lead to an increase
in oxidative stress, endothelial dysfunction, and finally DR
development [60, 69]. Furthermore, physical activity and
weight loss as lifestyle factors provide some additional evi-
dence to support the relationship between high BMI and
DR, whereby weight loss has been seen to delay the onset of
diabetic complications including DR [70].

Our main study findings show that BMI is associated
with the presence and severity of DR and thus additionally
confirms the results of the majority of previously conducted
studies opening up implications for further research and
intervention. The striking associations between BMI and DR
indicate that there is a unifying feature of these factors which
account for their relationship with retinopathy. Taking this
into account while applying the interventions that reduce
BMImay consequently also reduce the risk ofDR.The impact
of weight loss on regression of retinopathy particularly in
obese individuals for the time being has been inadequately
investigated [17]. Lifestyle changes specifically weight loss
have been advocated as a key factor in helping prevent dia-
betes and to delay diabetic complications including retinopa-
thy in susceptible patients [17, 71]. Regardless of insufficient
data, it is generally accepted that weight reduction should
certainly be advised in obese diabetic patients in order to
reduce the risk of cardiovascular disease [69, 72, 73] and
possibly DR [73].

In conclusion, DR is a complex disease with several
proven and some insufficiently verified proposed risk fac-
tors including inflammation. We have shown that BMI in
correlation with poor glycaemic control, hypertension, and
dyslipidemia appears to be associated with the progression of
DR in type 2 diabetes. Accordingly, it may be a relevant factor
in a cascade involving the occurrence and development of
DR. Our findings confirm the results of most of the previous
investigations and illustrate the value of obesity assessment as
an important modifiable risk factor which may consequently
have potential clinical implications in the management of
DR. Since weight gain is changeable and may be managed
by lifestyle intervention, additional studies are required to
investigate and fully elucidate the pathogenic role of obesity
and weight loss in retinal diabetic complications. Current
knowledge and assumptions pertaining to the pathophysio-
logical mechanism of BMI in DR development open up the
need for further research to clarify the role of inflammation
and body weight and their interaction on the pathogenesis of
DR.
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immune system adaptation to pregnancy—a potential influence
on the course of diabetic retinopathy,” Reproductive Biology and
Endocrinology, vol. 8, p. 124, 2010.

[15] J. W. J. Beulens, A. Patel, J. R. Vingerling et al., “Effects of
blood pressure lowering and intensive glucose control on the
incidence and progression of retinopathy in patients with type
2 diabetesmellitus: a randomised controlled trial,”Diabetologia,
vol. 52, no. 10, pp. 2027–2036, 2009.

[16] F. Ismail-Beigi, T. Craven, M. A. Banerji et al., “Effect of inten-
sive treatment of hyperglycaemia onmicrovascular outcomes in
type 2 diabetes: an analysis of the ACCORD randomised trial,”
The Lancet, vol. 376, no. 9739, pp. 419–430, 2010.

[17] N. Cheung and T. Y. Wong, “Obesity and eye diseases,” Survey
of Ophthalmology, vol. 52, no. 2, pp. 180–195, 2007.

[18] N. Chaturvedi, J. H. Fuller, R. J. Jarrett et al., “Mortality risk
by body weight and weight change in people with NIDDM:
the WHO multinational study of vascular disease in diabetes,”
Diabetes Care, vol. 18, no. 6, pp. 766–774, 1995.

[19] M. Henricsson, L. Nyström, G. Blohmé et al., “The incidence
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The study objective was to assess chosen biochemical parameters of blood and bioelectric function of the retina in patients with
T1DM. The study group consisted of 41 patients with T1DM with no signs of diabetic retinopathy. The control group included 21
pediatric patients. We performed (1) S-cone ERG testing with retina response stimulation in both eyes at the luminance of 0.1, 0.2,
and 0.5 (cd × s/m2) with the 440 nm blue flash and light application of the amber background (300 ph cd/m2, 495 nm wavelength),
(2) anthropometric measurements, (3) biochemical investigations: IL-17, VEGF, and ADM by the ELISA method. A comparison of
the ERG results with biochemical investigations indicates a likely correlation between the worsening of retinal bioelectric function
and VEGF levels growing with diabetes duration. We showed a negative correlation between ADM and HbA1c and described
possible causes of ADM reduction observed in subgroup I.We demonstrated the presence of bioelectric retinal dysfunction already
before the diagnosis of diabetic retinopathy, which provides new possibilities in the diagnosis of preclinical chronic complications
of diabetes. The changes observed in the levels of IL-17, ADM, and VEGF suggest their involvement in the diabetic pathogenesis of
eye diseases.

1. Introduction

Due to the systemic character of diabetes, virtually any organ
can become damaged. The vision system is one of the first
body parts exhibiting microcomplications and dysfunction,
which is an important issue in modern diabetology [1].

Over 90% of patients with type 1 diabetes (T1DM) of
15 years’ and longer duration show features of retinopathy,
whereas in type 2 diabetes (T2DM) approximately 5% are
affected at the time of diagnosis [1, 2].

The scale of the problem is extremely large, as among
the 2.5 million of the Polish diabetic population, the number

of cases with diabetic retinopathy is estimated at 600,000
[3]. Thanks to the dynamic progress in the development
of diagnostic methods and the use of modern appliances,
diabetes is known to affect all the anatomical structures of the
eyeball [4].

Apart from vascular changes, diabetes may also cause
neurophysiological lesions [5, 6]. Functional changes of reti-
nal neurons are detected by electro physiological tests, being
a noninvasive and highly objectivediagnostic tool. Quick
detection of retinopathy and immediate implementation of
appropriate treatment reduce individual and social expenses
and improve life quality [7–9].
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Table 1: General profile of the study groups.

Patients with diabetes > 10 years Patients with diabetes ≤ 10 years Whole study group Control group
Number of patients 22 19 41 21
Age (years) 16.0 ± 1.0 13.0 ± 3.0∗∗ 14.0 ± 3.0 15.0 ± 2.0

BMI (kg/m2) 23.0 ± 4.0∗ 20.0 ± 5.0 21.0 ± 4.0 20.0 ± 3.0

Mean HbA1c (%) 9.4 ± 1.6∗ 9.3 ± 1.7∗∗ 9.3 ± 1.7∗∗∗ 5.5 ± 0.3

Total cholesterol (mg/dL) 169.0 ± 24.0 181.0 ± 47.0 175.0 ± 37.0 158.0 ± 18.0

LDL-cholesterol (mg/dL) 93.0 ± 24.0 97.0 ± 34.0 95.0 ± 29.0 84.0 ± 16.0

HDL-cholesterol (mg/dL) 60.0 ± 14.0 65.0 ± 17.0 63.0 ± 16.0 59.0 ± 11.0

Triacylglycerol (mg/dL) 78.0 ± 22.0 92.0 ± 69.0 85.0 ± 51.0 74.0 ± 35.0

Systolic RR (mmHg) 113.0 ± 8.0 114.0 ± 10.0 114.0 ± 9.0 110.0 ± 11.0

Diastolic RR (mmHg) 69.0 ± 5.0 69.0 ± 6.0 69.0 ± 6.0 69.0 ± 11.0

IL-17 (pg/mL) 18.0 ± 4.0 16.0 ± 2.0 17.0 ± 3.0 16.0 ± 2.0

ADM (pg/mL) 39.0 ± 23.0 27.0 ± 22.0∗∗ 36.0 ± 27.0∗∗∗ 58.0 ± 32.0

VEGF (pg/mL) 342.0 ± 278.0 379.0 ± 200.0 362.0 ± 237.0 273.0 ± 142.0

Data are presented as mean ± SD.
∗
𝑃 < 0.05 as compared to control group (Student’s 𝑡-test).
∗∗
𝑃 < 0.05 as compared to control group (Student’s 𝑡-test).
∗∗∗
𝑃 < 0.05 as compared to control group (Student’s 𝑡-test).

While preparing the project, we were aware of the neces-
sity to distinguish risk groups at an early stage undetectable
by standard methods. Color vision disorders experienced by
diabetic patients were already described in the 1980s [10] and
as shownby the study [11], they have been found to affect 8.6%
of diabetic patients [12].

Disorders have been noted in the formation and trans-
mission of S-cone signals, which may be associated with
their high sensitivity to hypoxia [12]. The dysfunction of
the OPs on the ascending arm of the b-wave in full-field
ERG responses has been emphasized. A relationship has
been revealed between the reduction in the amplitude of
the OPs and longlasting diabetic retinopathy, especially the
proliferative one [13, 14]. However, very few studies have
been concerned with functional alterations developing at an
early stage, when no lesions can be seen in the fundus of the
eye.

The study objective was to find out, using the S-cone
ERG protocol, whether juvenile patients with T1DM, with no
visible lesions in the fundus of the eye, and with normal optic
disc morphology reveal retinal dysfunction. We also wanted
to determine if the disease duration and metabolic control
affect neurophysiological conduction in the outer layers of the
retina.

In addition, we analyzed the concentration levels of ADM
as a protective factor, VEGF as a known marker of hypoxia,
and IL-17.

Reports in recent years have mainly concentrated on IL-
17, emphasizing its proinflammatory nature and involvement
of Th17 cells that produce it in the pathogenesis of diabetes
and other endocrinopathies and allergic diseases. Apart from
diabetes, elevated levels of IL-17 in the serum and affected
tissues have been reported by patients with rheumatoid
arthritis, psoriasis, multiple sclerosis, and systemic lupus
erythematosus. Its proangiogenic activity is known from
research on cancer immunology [15, 16].

2. Material and Methods

The study group consisted of 41 patients with T1DM. Two
subgroups were distinguished as follows:

subgroup I: 22 patients with diabetes of ≥ 5 ≤ 10 years’
duration.
subgroup II: 19 patients with diabetes lasting longer
than 10 years.

The control group included 21 pediatric patients. Table 1
presents the group profile.

The inclusion criteria for the diabetic group were age
8−18 years, normal routine eye test results (best corrected
visual acuity, color vision, slit lamp examination, and fundus
examination), and negative history of the present illness that
might affect the function of the retina and optic nerve. The
exclusion criteria included patients with chronic diseases,
eye disorders that might affect the retinal function and optic
nerve, and electrophysiological testing.The inclusion criteria
for the control group were age 8–18 years, normal routine eye
test result, and negative history of the present illness known
to affect the function of the retina and optic nerve.

Thirty-two patients with T1DM (including 19 from sub-
group I, 13 from subgroup II) and 8 from the control group
underwent the following. (1) First is light adapted blue flash
(440 nm wavelength) ERG with increasing flash intensity 0.1,
0.2, and 0.5 (cd × s/m2) on the constant amber background
(300 ph cd/m2, 494 nm wavelength). The stimulus duration
was 4ms and 10 responses were averaged and repeated twice.
The ERGs were recorded simultaneously from both eyes
with the use of DTL electrodes placed in the lower fornix.
The pupils were dilated and subjects were light-adapted
for 10min. All ERG tests were performed on Espion E2
system (Diagnosys, LLC, USA). They also underwent (2)
biochemical investigations: HbA1c, lipid profile, IL-17, VEGF,
and ADM, using the immunoenzymatic ELISA method
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Table 2: Comparison of b-wave amplitudes in S-cone ERG of the eyes of patients in all study groups.

Patients with diabetes > 10 years Patients with diabetes ≤ 10 years Whole study group Control group
b-wave amplitude (𝜇V) for the 0.2 cd × s/m2 stimulus

10.0 ± 5.0 8.0 ± 6.0∗ 9.0 ± 6.0∗ 13.0 ± 5.0

b-wave amplitude (𝜇V) for the 0.5 cd × s/m2 stimulus
18.0 ± 8.0∗ 17.0 ± 8.0∗ 18.0 ± 8.0∗ 24.0 ± 10.0

Data are presented as mean ± SD.
∗
𝑃 < 0.05 as compared to control group.

(R&D and EiAAb kits). Laboratory tests were performed
in the Department of Laboratory Diagnostics, Children’s
University Hospital in Białystok, during routine diagnostic
procedures and in the laboratory at the Department of Pedi-
atrics, Endocrinology,DiabetologywithCardiologyDivision,
Children’s University Hospital.

The study was approved by the Bioethics Committee,
Medical University of Białystok. Parents and children were
informed about the purpose and nature of the study.The par-
ents gave a written consent, whereas the children expressed a
spoken consent before examination.

3. Statistical Analysis

The statistical analysis was performed using the Statistica 10.0
software (Cracow, StatSoft). Deviation from normality was
evaluated by Kolmogorov-Smirnov test. Data were expressed
as the mean value ± SD. We used paired samples t-test
for the continuous variables with normal distribution. The
Wilcoxon test was employed for the continuous variables
outside the normal distribution. Multiple linear regression
and Spearman correlation analyses were used to verify the
correlation.All probability valueswere two-tailed, and a value
of 𝑃 < 0.05 was considered statistically significant.

4. Results

4.1. Electrophysiological Tests. All patients included in the
study had full far and near visual acuity and clear ocular
media.

A comparison of the mean values in the study group
(all diabetic patients) and control showed a statistically
significant reduction in the amplitude of the S-cone ERG b-
wave in the group of 64 eyes for the 0.2 cd× s/m2 (9.0 ± 6.0 𝜇V
versus 13.0 ± 5.0 𝜇V; 𝑃 = 0.01) stimulus and for the 0.5 cd ×
s/m2 (18.0 ± 8.0 𝜇V versus 24.0 ± 10.0 𝜇V; 𝑃 = 0.0084)
stimulus. No significant deviations were noted in the wave
amplitude or latency prolongation for the S-cone ERG a-wave
and b-wave.

In subgroup I (38 eyes), a statistically significant decrease
was observed in the amplitude of the S-cone ERG b-wave for
0.2 cd × s/m2 (8.0 ± 6.0 𝜇V versus 13.0 ± 5.0 𝜇V; 𝑃 = 0.0065)
and 0.5 cd × s/m2 (17.0 ± 8.0 𝜇V versus 24.0 ± 10.0 𝜇V; 𝑃 =
0.010).

I n subgroup II (26 eyes), a significant drop in the b-wave
amplitude was found only for the 0.5 cd × s/m2 stimulus as

compared to the control group (18.0 ± 8.0 𝜇V versus 24.0 ±
10.0 𝜇V; 𝑃 = 0.048).

A comparison between subgroup I and subgroup II did
not show any significant effect of diabetes duration on the
amplitude and latency of the S-cone ERG a- and b-waves.
Table 2 presents statistically significant results.

4.2. Biochemical and Biometric Investigations. All diabetic
patients had higher levels of TCh, LDL, TG, and IL-17 as
compared to healthy subjects, that is (175.0 ± 37.0mg/dL
versus 158.0 ± 18.0mg/dL; 𝑃 = ns) (95.0 ± 29.0mg/dL versus
84.0 ± 16.0mg/dL; 𝑃 = ns) (85.0 ± 51.0 versus 74.0 ±
35.0mg/dL;𝑃 = ns) (17.0±3.0 pg/mL versus 16.0±2.0 pg/mL;
𝑃 = ns), respectively. They also showed higher levels of SBP
(114.0 ± 9.0mmHg versus 110.0 ± 11.0mmHg; 𝑃 = ns) as
compared to healthy children. The mean level of VEGF was
significantly higher in diabetic patients, yet without statistical
significance (362.0 ± 237.0 versus 273.0 ± 142.0 pg/mL; 𝑃 =
ns). A statistically significant finding was that ADM level in
this group was lower than in the control (36.0 ± 27.0 versus
58.0 ± 32.0 pg/mL; 𝑃 < 0.05).

A comparison between subgroup I and control revealed
significantly lower ADM values (27.0 ± 22.0 versus 53.0 ±
29.0 pg/mL; 𝑃 < 0.05). We observed higher levels of TCh,
LDL, and TG (181.0 ± 47.0 versus 158.0 ± 18.0mg/dL;
𝑃 = ns) (97.0 ± 34.0 versus 84.0 ± 16.0mg/dL; 𝑃 = ns)
(92.0 ± 69.0 versus 74.0 ± 35.0mg/dL; 𝑃 = ns), respectively.
The values of SBP were increased as compared to healthy
subjects (114.0 ± 10.0 versus 110.0 ± 11.0mmHg; 𝑃 = ns).
VEGF was considerably higher in the subgroup patients, yet
without statistical significance (379.0 ± 200.0 versus 273.0 ±
142.0 pg/mL; 𝑃 = ns). The concentrations of IL-17 were
similar (16.0 ± 2.0 versus 16.0 ± 2.0 pg/mL; 𝑃 = ns).

A comparison between subgroup II and control showed
significantly higher BMI values in diabetic patients (23.0 ±
4.0 versus 20.0 ± 3.0; 𝑃 < 0.05). Previously, we noted
unfavorable differences in lipid metabolism for TCh, LDL,
and TG (169.0 ± 24.0 versus 158.0 ± 18.0mg/dL; 𝑃 = ns)
(93.0 ± 24.0 versus 84.0 ± 16.0mg/dL; 𝑃 = ns) (78.0 ± 22.0
versus 74.0 ± 35.0mg/dL; 𝑃 = ns). Also in this subgroup,
ADM appeared lower than in healthy subjects (39.0 ± 23.0
versus 58.0 ± 32.0 pg/mL; 𝑃 = ns). A tendency of higher
IL-17 and VEGF levels was confirmed in diabetic patients as
compared to the control group (18.0 ± 4.0 versus 16.0 ± 2.0
pg/mL; 𝑃 = ns) (342.0 ± 278.0 versus 273.0 ± 142.0 pg/mL;
𝑃 = ns).
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Table 3:Multiple linear regression analyses for b-wave amplitudes for 0.2 cd × s/m2, b-wave amplitudes for 0.5 cd × s/m2, and b-wave implicit
time for 0.5 cd × s/m2 as dependent variables.

Dependent variable 𝑟2 Independent variable Unstandardized coefficients Standardized coefficients 𝛽 𝑡 𝑃
𝐵 Standard 𝐵 error

b-wave amplitude
0.2 cd × s/m2 0.38

Constant 14.69 7.24 2.03 0.0469
VEGF 1.10 0,25 −0.25 −2.13 0.0376

LDL-cholesterol −0.13 0.03 −0.45 −4.03 0.0001

b-wave amplitude
0.5 cd × s/m2 0.43

Constant −0.2 7.72 −0.03 0.9799
HbA1c −1.81 0.57 −0.42 −3.19 0.0022

LDL-cholesterol −0.35 0.08 −0.84 −4.53 0.0004

b-wave implicit time
for 0.5 cd × s/m2 0.31

Constant 46.40 1.55 30.02 0.0000
HDL-cholesterol −0.01 0.01 −0.25 −2.21 0.0307

IL-17 0.22 0.08 0.33 2.75 0.0079

In multiple regression analysis, b-wave amplitude for the
impulse 0.2 cd × s/m2 demonstrated a significant inverse
relationship with VEGF (𝑟2 = 0.38, coefficient 𝛽 = −0.25,
𝑃 < 0.04) and LDL (𝑟2 = 0.38, coefficient 𝛽 = −0.45,
𝑃 < 0.00002).

In multiple regression analysis, b-wave amplitude for the
impulse 0.5 cd× s/m2 yielded significant inverse findingswith
HbA1c (𝑟2 = 0.43, coefficient 𝛽 = −0.42, 𝑃 < 0.003) and
LDL (𝑟2 = 0.43, coefficient 𝛽 = −0.84, 𝑃 < 0.00004). In
multiple regression analysis, b-wave implicit time for 0.5 cd ×
s/m2 demonstrated significant inverse relationship with HDL
(𝑟2 = 0.31, coefficient 𝛽 = −0.25, 𝑃 < 0.04) and positive
relationship with IL-17 (𝑟2 = 0.31, coefficient 𝛽 = 0.33,
𝑃 < 0.008). Data are presented in Table 3.

5. Discussion

Numerous studies have confirmed the correlation between
metabolic control and the incidence of diabetes-associated
visual complications. Among them,Wisconsin Epidemiology
Study, Berlin Retinopathy Study, the Early Treatment Dia-
betic Retinopathy Study, and the United Kingdom Prospec-
tive Diabetes Study have focused on the natural course
of diabetic retinopathy [11, 17–19]. In 2003, Younis et al.
investigated the annual and overall prevalence of any sign
of diabetic retinopathy, maculopathy, and vision-threatening
diabetic retinopathy in patients with T1DM and T2DM, who
underwent screening tests [20].There is evidence that vision-
threatening diabetic retinopathy has a detectable occult stage
or an early symptomatic phase.

The collected scientific data suggest that neurophysiolog-
ical alterations in the retina are already present in the initial
stages of diabetes [6, 21].

We confirmed the impact of the disease and poor
metabolic control measured by the percentage of HbA1c
on the responses obtained from the S-cone ERG prior to
clinical symptoms of retinopathy. Diabetic children were
found to show a significant reduction in the S-cone ERG
b-wave amplitude with stimuli ≥ 0.2 cd × s/m2, as compared
to healthy subjects.

Previously, it was indicated that the alterations in the
electric activity of the middle layers of the retina, that is, in
bipolar cells, horizontal cells, and Muller’s cells, were present
in the course of diabetes [13, 21]. The S-cone ERG applied in
our study shows the activity of the S-cones (blue-sensitive),
which are characterized by the maximum sensitivity to the
short-wavelength part of the light spectrum and account
only for 10% of the whole population of cones and less
than 1% of the entire population of all retinal receptors
[13]. Data are available indicating selective damage to the
transduction pathway that begins in the S-cone and leads to
discrete disturbances in color recognition, called tritanopia,
which has not been fully explained yet. It seems that the S-
cones are particularly sensitive to hypoxia involved in the
pathophysiology of diabetes-associated alternations. Apart
from the impaired metabolism of retinal neurotransmitters,
scientists also point at the role of enhanced premature
apoptosis or defective tightness in the blood-retinal barrier.
Plasma protein migration accompanying this disorder may
have an impact on the degree of absorption and/or light
dispersion, causing a reduction in light reception by cones.
Moreover, some of these proteins, including the non-enzy-
matic glycosylated ones, absorb ultraviolet light [4, 6, 22–25].

The ERG findings are similar to those reported byMcFar-
lane et al. [6] in the assessment of the b-wave amplitude. In
contrast to the above, we found no a- wave or b-wave delay.
However, even the reduction of photopic negative response
of S-cone amplitude itself suggests functional alterations in
the inner layers of the retina that attenuates the quality of the
S-cone impulse.

Themultivariate regression analysis shows a negative cor-
relation between HbA1c and the height of b-wave amplitude,
which is observed for the most intense light pulse (0.5 cd ×
s/m2). As indicated in Table 2, the b-wave amplitude values
for the stimulus differ significantly in both groups of diabetic
children in comparison with the control group.This suggests
that the highest diagnostic value, in the search for early
functional changes in the retina, pulses with intensity of at
least 0.5 cd × s/m2.

Our results are consistent with the data reported by
authors who have assessed bioelectric activities of the retina
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by means of other electrophysiological methods [26–31]. A
direct comparison of the results is difficult due to the use of
different equipment, protocols, and group sizes. However, the
common conclusion that can be drawn from these studies is
that the objective neurotransmission disorders can appear in
diabetic patients who still have normal eye fundus.

A number of growth factors responsible for diabetic
retinopathy have been described. They are known to be
involved both in the initial and proliferative phases of the
process.However, nomajor factor has been found responsible
for the stimulation of neovascularization in diabetic eye
disease. The current study indicates the key role of VEGF,
whose increase is one of the exponents of endothelial dys-
function, leading to increased permeability of the blood-
tissue barrier; hence, its former name is vascular permeability
factor [32–34]. The regulation of VEGF gene expression is
stimulated mainly by hypoxia [35, 36]. High level of VEGF
has been noted in the vitreous humor in retinopathy patients
and in many eye disorders presenting with local hypoxia
and neovascularization [37–39]. We found a tendency to
higher serum levels of VEGF in diabetic patients as compared
to the control, irrespective of diabetes duration. It can be
assumed that the increased level of VEGF reflects endothelial
dysfunctionwhich appears earlier than the structural changes
observed by ophthalmoscopy within the vascular walls. Tak-
ing into consideration the data reported by Santilli et al., this
hypothesis can be referred to as a broader aspect of diabetic
complications [40]. This author performed a prospective
observation, showing a correlation between serum VEGF
and the risk of nephropathy in diabetic patients. He proved
that the maintenance of the increased serum level of VEGF
facilitates the identification of patients with normal arterial
blood pressure and normoalbuminuria, who are predisposed
to the development of permanent microalbuminuria later in
life.

An interesting hypothesis can be derived from reports on
the significant increase in VEGF in the immunocytochemical
analysis of nonvascular eye cells in diabetic patients, even,
like in our study, with no signs of retinopathy [41, 42].
Considering the bioelectric disorders in the S-cone ERG, this
would suggest that retinopathy originates in retinal neurons
and glial tissue and only later affects blood vessels.

Our observations in the context of the data already
collected on VEGF allow a wider perspective as to the role
of this protein in the pathogenesis of visual complications of
diabetes. Further studies are necessary to precisely determine
the mechanisms linking VEGF to retinopathy.

In the last years, ADM has been found to have a poten-
tially beneficial effect on the hemodynamics and neurohor-
monal regulation of the circulatory system. This protein has
been detected not only in the cells of the adrenal medulla,
but also in other tissues including smooth muscle cells,
vascular endothelium cells, and retinal pigment epithelial
cells. The collected data indicate a link between ADM and
pathophysiological processes in diabetes accompanied by
elevated levels of ADM, especially in advanced complications
[43–45]. On the other hand, increased ADM can be asso-
ciated with reduced renal clearance of this protein in the
development of nephropathy, even though it is metabolized

in the pulmonary circulation [46, 47].This peptide is thought
to be engaged in antiregulatory mechanisms, by prevent-
ing vasoconstriction, increasing natriuresis, and inhibiting
platelet aggregation. Hence, the hypothesis that the level of
ADM reflects endothelial activation is additionally supported
by a positive correlation observed between cAMP and ADM,
a second line transmitter involved in the regulation of the
circulatory system [48, 49].

In 1999, that is, 6 years after ADM identification,
Taniguchi et al. [50] were the first to present the effect of
ADM on the eye, especially ciliary body and cornea, and thus
on the regulation of intraocular pressure. Pigment epithelial
cells also produce and secrete ADM, which stimulates back
the proliferation of these cells. Udono et al. [45] claimed
that levels of ADM in the vitreous humor of patients
with vitreoretinal proliferations were significantly higher in
patients with proliferative diabetic retinopathy. A few years
later, the same author proved in vitro that hypoxia increases
ADM expression in the human pigment epithelial cell line
and that the use of exogenous ADM increases survival of
the cell line exposed to hypoxia [51], thus confirming a
beneficial effect of this protein on retinal metabolism. The
data suggest thatADMmaybe involved in the pathogenesis of
diabetic retinopathy, especially that retinal arteries have been
recognized as its uptake point [52]. Thus, our observation
of decreased serum ADM in children with diabetes of less
than 10 years’ duration, especially in the context of a weaker
response in the S-cone ERG and higher serum levels of
VEGF, lipids, and higher blood pressure, seems surprising,
even though a substantial increase in the level of ADM has
been demonstrated only in patients burdened with overt
retinopathy, microalbuminuria, or renal failure [48]. Our
study, however, does not exclude a local increase in the level
of ADM, for example, in eye tissues, before its rise in the
serum; in patients with diabetes >10 years’ duration, the
level of ADM is already higher. Taking into account the
negative correlation between ADM and HbA1c in the ≤10
years’ subgroup, this is presumably caused by the protein
consumption in unfavorable conditions of hyperglycemia.
An alternative hypothesis suggests that increased ADM in
diabetes is a late effect associated with progressing vascular
endothelial dysfunction. It should be emphasized that our
study group consisted of children, mainly adolescents, who
were in the period of intensive hormonal changes, which
undoubtedly affected the circulatory system.

The fact is that the level of ADM in diabetes undergoes
changes even in the pediatric population and that their
direction and significance require further investigations.

Still very few studies, mainly performed on the animal
models of autoimmune diabetes, indicate a disorder in IL-
17, which can have a significant impact on the course of
the disease. Also, clinical studies based on human material
indicate a serious disturbance in the cell population in T1DM.
The few available studies concerning children with T1DM
have shown an increased secretion of IL-17 [53, 54].

Therefore, in further elucidation of the importance of
Th17 and IL-17 cells in T1DM, interesting may seem the
studies that evaluate the role of IL-17 from an early clinical
stage to a later period (after the end of remission) and thus
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assess the importance of the initiation and modulation of the
inflammatory response and in consequence the effect on the
disease and disclosure of complications [55]. It is believed
that IL-17 may play a major role in the cytokine network
regulating immune responses, inflammatory responses, or
angiogenesis. It is possible that IL-17 is indirectly involved
in these reactions through the effect on the expression of
other more targeted cytokines. Research of Numasaki et al.
[16] has shown that IL-17 is an angiogenesis mediator, acting
directly on endothelial cells and through other lymphokines
with angiogenic properties. This can be confirmed by the
common direction of changes obtained in our study in the
levels of IL-17 and VEGF.

Since IL-17 is involved in the pathogenesis of many
diseases described above and their complications, its regu-
lation provides new diagnostic, prognostic, and therapeutic
potentials.

6. Conclusion

Since we found that the S-cone visual pathway is affected in
adolescent patients with type 1 diabetes and without evidence
of retinopathy, the S-cone ERG test may be a useful marker of
early stage of inner retinal damage. Our results indicate that
the short-wavelength abnormalities detected in T1DM before
the onset of retinopathy originate in the retina.

The changes observed in the levels of ADM, IL-17, and
VEGF support their possible involvement in the microvascu-
lar complications of diabetes. Different than expected results
in ADMconcentration in group I indicate that further in vivo
studies are needed to clarify the role of ADM in this process.

We believe that our findings may help elucidate the
mechanisms of retinopathy in order to protect the eyesight
in young diabetic patients.
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Objective. Assessment of the effect of a treatment method change from multiple daily insulin injection (MDI) to continuous
subcutaneous insulin infusion (CSII) on the development of early angiopathy in children with T1DM with or without retinopathy.
Methods. The study pump group involved 32 diabetic children aged 14.8, with the initial HbA

1
c level of 8.3%, previously treated

by MDI. The patients were examined before pump insertion and after 3 and 6 months of CSII. We assessed HbA
1
c level, carotid

artery intima-media thickness (c-IMT), and flow-mediated dilatation (FMD) of the brachial artery.The pump group was compared
to a group of eight teenagers with diagnosed nonproliferative retinopathy, treated with MDI. Results. HbA

1
c in the entire group

was found to improve in the second and in the third examination. During 6 months of CSII, FMD increased and IMT decreased.
Retinopathic adolescents had significantly thicker IMT and lower FMD compared to baseline results of the pump group. Treatment
intensification in the retinopathy-free children enhanced these differences. Conclusions. CSII is associated with lower IMT and
higher FMD. Whether on the long-run CSII is superior to MDI to delay the occurrence of diabetes late complications remains to
be explained.

1. Introduction

Insulin pump therapy in the form of continuous subcuta-
neous insulin infusion (CSII) was introduced in the 1970s
and turned out to ensure better metabolic control of diabetes
compared to traditional insulin therapy approaches. It is
currently considered to be the optimal method of insulin
administration, since it imitates the pancreatic activity in
the best possible way, ensures precise dosage, and at the
same time offers a high level of ease and comfort. Patients
that experience the advantages are above all children and
adolescents with type 1 diabetes mellitus (T1DM) [1–3].
Compared to the traditional methods of insulin therapy by
means of multiple daily insulin injections (MDI), CSII can
significantly decrease glycated hemoglobin (HbA

1
C), reduce

24-hour glucose variability, decrease incidence of severe
hypoglycemia, and eliminate dawn phenomenon. Moreover,
the use of CSII is associated with improved quality of life
and precise insulin administration with respect to physical

effort and diet [1, 4]. A long-term effect of CSII on the
development of late complications of diabetes in the form of
microangiopathy or macroangiopathy needs to be explained
[5].

T1DM increases the risk of developing micro- and
macrovascular complications which in turnwill have a devas-
tating impact on quality of life and challenge health services
worldwide. Overt microvascular complications (proliferative
retinopathy, nephropathy, and neuropathy) remain rare in
adolescent population with type 1 diabetes. Pathological
changes, however, can occur soon after the diagnosis of type
1 diabetes and early indications are clinically detectable in
adolescents after 2 to 5 yrs disease duration [6]. Screening
protocols in adolescents, therefore, aim to identify the earliest
signs ofmicrovascular complicationswhenpatients at highest
risk can be targeted for intensive therapy to delay the onset or
slow the progression to overt end-organ complications [7].
Macroangiopathic lesions develop relatively early and clini-
cally symptomatic ischemic heart disease may already affect
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Table 1: General characteristics of the insulin pump group and retinopathy group.

Insulin pump group 𝑛 = 32 Retinopathy group 𝑛 = 8 𝑃 value
Age (years) 14.9 ± 2.5 17.7 ± 1.4 0.057
Gender: boys/girls 12/20 5/3 0.600
Height (cm) 163 ± 10 160 ± 10 0.870
Body mass (kg) 58 ± 10 66.4 ± 12.7 0.080
BMI (kg/m2) 21.6 ± 2.8 25.2 ± 3.2 0.002
SDS-BMI 0.6 ± 0.9 1.3 ± 1.2 0.072
Diabetes duration (years) 3.7 ± 3.2 11 ± 2.7 <0.001
HbA1c (%) (before pump therapy) 8.3 ± 1.7 9.7 ± 2.1 0.057
HbA1c (%) (6 months after pump therapy) 7.9 ± 1.4 9.7 ± 2.1 0.008
Systolic blood pressure (mmHg) 115 ± 7 133 ± 18 <0.001
Diastolic blood pressure (mmHg) 69 ± 6 76 ± 10 0.020
Total cholesterol (mg/dL) 163 ± 27 179 ± 33 0.159
LDL-cholesterol (mg/dL) 82 ± 21 105 ± 22 0.011
HDL-cholesterol (mg/dL) 62 ± 12 47 ± 7 0.003
Triglicerides (mg/dL) 72 ± 21 129 ± 64 <0.001

young adults; heart infarcts are diagnosed in patients under
30 years of age. Microvascular complications develop parallel
to macrovascular lesions and patients with microangiopathy
show higher risk of ischemic diseases of the heart [8].

The pathogenesis of diabetic retinopathy and atheroscle-
rosis is insufficiently understood. It is accepted that hyper-
glycaemia is a major causative factor for the development of
these complications. There is also growing evidence for the
role of low-grade inflammation and endothelial dysfunction.
Circulating and locally produced inflammatory biomarkers,
such as cell adhesion molecules, proinflammatory cytokines,
and c-reactive protein have been shown to be of key impor-
tance for both—micro and macroangiopathy [9–11].

Impaired endothelial function is now considered an
early sign of atherosclerosis in children, which precedes the
atherosclerotic plaque formation and has therefore become
an important marker of cardiovascular risk, particularly in
those with T1DM. It can be detected years before overt
coronary artery disease occurs [12]. Previously, we found less
advanced early atherosclerotic changes in T1DM children
and adolescents using insulin pumps as compared to those
treated with multiple daily insulin injections. We performed
ultrasound investigations of the carotid artery intima-media
thickness (IMT) and flow mediated dilatation (FMD) of
the brachial artery in response to reactive congestion up to
passive congestion [13]. However, research has never been
conducted into the effect of a change from the multiple daily
injections (MDI) to CSII in the aspect of early angiopathy
lesions. Therefore in this study we hypothesized, that inten-
sification of insulin therapy in the form of CSII may have
beneficial effect on the development of early micro- and
macrovascular changes in young patients with T1DM.

2. Objective

The study objective was, firstly, to assess the impact of
treatment intensification by the use of CSII in T1DM,
complication-free, children previously treated by MDI on

the development of the earliest atherosclerotic lesions and,
secondly, to compare the results with the group complicated
by early retinopathy treated with the MDI method.

3. Material and Methods

The study pump group involved 32 children (20 girls and
12 boys) with the diagnosis of type 1 diabetes, who had
been treated by multiple daily insulin injections and who
were qualified for CSII, in the Department of Pediatrics,
Endocrinology, Diabetology with Subdivision of Cardiology,
Medical University of Białystok, and in the Outpatient Dia-
betologyDepartment. At baseline, the patients were at the age
of 9–18 years—mean 14.8 ± 2.59,meandisease duration being
3.8 ± 3.2 years. The inclusion criterion was insulin demand
of at least 0.5 IU/kg body weight/day. Patients were excluded
from the study if they were obese or had hypertension,
lipid disorders, and other diseases that could affect the
outcome, for example, systemic connective tissue disorders,
autoimmune thyroid diseases, or celiac disease. None of the
patients admitted to cigarette smoking or had significant,
clinically apparent diabetic complications. Patients with albu-
minuriawere not included into this group. Retinopathy group
consisted of 8 (5 boys, 3 girls) patients, aged 17.7 ± 1.4,
with HbA

1
c level 9.7 ± 2.1% and disease duration of 11 ±

2.7 years. All these patients had recognized nonproliferative
retinopathy, by the experienced ophtalmologist with full
examination, and were treated with MDI method. The data
of retinopathy group were taken from our previous studies
[14]. Table 1 presents the characteristics of study pump group
profile and the adolescents with diabetic retinopathy.

The ultrasound investigations used a Hewlett Packard
SONOS 4500 imaging system, with an ultrasonic transducer
emitting signals at a wavelength of 7.5MHz, according to the
previously presented methodological assumptions [15, 16].
The thickness of the common carotid artery was examined
as the intima-media thickness (IMT) complex. The IMT
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was assessed at baseline (before personal insulin pump
insertion—insulin pump group 1) and after 6 months of
CSII (insulin pump group 3). Nitric oxide-dependent flow-
mediated dilatation (FMD)of the brachial arterywas assessed
after reactive congestion up to passive congestion. FMD was
assessed at baseline (insulin pump group 1), after 3 (insulin
pumpgroup 2) and after 6months ofCSII application (insulin
pump group 3). In retinopathy group patients, IMT and FMD
were assessed by the same researcher (JT), using the same
method, and compared to the values obtained in the pump
study group at baseline, 3 and 6 months after the change of
treatment.

The level of HbA
1
c was determined by high-pressure liq-

uid chromatography (HPLC) and measured at baseline, after
3 and after 6 months. Results of ultrasound investigations
were analyzed in the entire study group. Then, depending on
the initial value of HbA

1
c the group was subdivided into well

controlled, withHbA
1
c < 7.5%,mean 7.28±1.36% and poorly

controlled, with initial HbA
1
c > 7.5%, mean 8.88 ± 1.65%

(𝑃 = 0.009), and both subgroups were compared as regarding
IMT and FMD.

4. Statistical Analysis

The statistical analysis was performed using the Statistica 9.0
software (Cracow, StatSoft). The Student 𝑡-test was applied
to determine the differences between the study groups for
variables with normal distributions. The Student 𝑡-test for
linked variables was used to compare the variables within the
respective groups at baseline and after 3 and 6 months. Since
in the current study the variables satisfied the conditions of
normal distribution, no other tests were applied. Results were
presented as the mean and standard deviation. Differences at
𝑃 < 0.05 were considered statistically significant.

The study was approved by the Bioethics Committee,
Medical University of Białystok. Parents and children were
informed about the purpose and nature of the study.The par-
ents gave a written consent, whereas the children expressed a
spoken consent before examination.

5. Results

In the study pump group, the implementation of CSII was
associated with improved metabolic control. The level of
HbA
1
c decreased after 3 months from 8.3 ± 1.72% to 7.7 ±

1.48% (𝑃 = 0.007) and after 6 months was 7.96 ± 1.46%
on average (𝑃 = 0.23) (Figure 1). The level of IMT after
the 6-month use of personal insulin pumps decreased from
0.51 ± 0.05mm to 0.49 ± 0.04mm (𝑃 < 0.001) (Figure 2).
An increase was noted in FMD in the brachial artery from
13.59 ± 7.57% to 15.10± 7.57% after 3 months (𝑃 = 0.35) and
to 18.75 ± 9.12% after 6 months (𝑃 = 0.01) (Figure 3).

In the well-controlled subgroup of patients (HbA
1
c <

7.5%) after 3 months the level of glycated hemoglobin
decreased to 7.09 ± 1.3% (𝑃 = 0.64), and after 6 months its
value reached 7.59±1.54% (𝑃 = 0.48). IMT in this group was
reduced significantly from 0.51±0.06mmat baseline to 0.49±
0.03mm after 6 months (𝑃 = 0.0051), whereas mean FMD
rose from 14.97 ± 5.87% to 17.51 ± 11.28% after 3 months
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(𝑃 = 0.449) and to 19.94 ± 11.58% after 6months (𝑃 = 0.20).
In subgroup of patients with poor metabolic control (initial
HbA
1
c above 7.5%), the level of glycated hemoglobin fell from

8.89 ± 1.65 to 8.01 ± 1.49% after 3 months (𝑃 = 0.002) and
reached the level of 8.16 ± 1.42% after 6 months (𝑃 = 0.08).
The mean value of IMT in this group diminished from the
initial 0.52 ± 0.05mm to 0.49 ± 0.04mm after 6 months
(𝑃 = 0.01) and FMD increased from 12.86±8.27% at baseline
to 13.9± 4.9% after 3 months (𝑃 = 0.84) and to 18.18±7.96%
(𝑃 = 0.03) after half a year. Figure 4 presents changes in
HbA
1
c in the groups depending on the initial level below and

above 7.5%. Figures 5 and 6 show the changes in IMT and
FMD according to this criterion. Retinopathic adolescents
had significantly worse values of IMT (mean 0.56±0.06mm)
and FMD (7.8 ± 4.1%), the differences being even greater
after 6months of treatment intensification in the pump group
(retinopathy-free ones) (Figures 2 and 3).

6. Discussion

T1DM is an acknowledged risk factor of atherosclerosis, and
arterial lesions, including the coronary ones, are already
found in children. Their severity correlates with the level of
glycated hemoglobin [17, 18]. Up to now, many researchers
have investigated the correlations of disease duration, age at
onset, metabolic control, and insulin doses with markers of
early atherosclerosis (IMT, FMD) in ultrasound imaging [19–
22]. Pozza et al. in a two-year observation of diabetic children
found greater progress of IMT in patients with higher levels of
HbA
1
c and systolic pressure [23]. In children with diabetes,

the levels of IMT and FMD are affected significantly by
the presence of complications and additional risk factors,
such as obesity, hypertension, or lipid metabolic disorders
[24]. According to Margeirsdottir et al., in diabetic children
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additional risk factors of cardiovascular diseases co-occur at
84% (one factor) and 15% (three factors) [25]. Our patients in
the present study, however, had no burden of any other risk
factors of atherosclerosis that could affect the study outcome.

In the 20-year study of 1.604 adolescents with diabetes
type 1, the prevalence of retinopathy has continued to
decrease in parallel with the decline in HbA

1
c and inten-

sification management. Although the discussed study was
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not an interventional one, authors confirmed a contempo-
rary association among intensive management, improved
glycemic control, and lower risk of retinopathy, more than 20
years after the DCCT was performed [26]. Authors findings
provide some reassurance for lower glycaemic targets and
increased use of MDI and CSII in children and adolescents
with diabetes type 1 [27]. Retinopathy was found in approxi-
mately half of adolescents with type 1 diabetes after a median
duration of 9 years in the early 1990s, compared with only
12% in recent years. It is of interest that in subgroups analysis
of patients treated only with intensive management, there
was some evidence for reduced risk for retinopathy in those
treated with CSII compared to MDI. Given there was no
difference inHbA

1
c between groups author of thementioned

study hypothetized that reduced glycaemic variability may
have contributed to this difference. There are no studies
demonstrating a specific benefit of CSII overMDI on compli-
cations in adolescents. However, there are nowmore patients
than ever reaching the recommended HbA

1
c below 7.5%

[27].
Our nowadays patients population turned to change

similarly to the abovementioned ones we do not observe
any form of retinopathy in our young patients. As the main
difference between past and actual patients is the insulin
regimen pattern, with broad use of CSII, we believe that
wide range application of personal insulin pumps in actual
cohort might influence the clinical picture of complication-
free ones. To compare the data of early angiopathy results,
such as IMT and FMD in young patients with retinopathy,
we had to make use of the results from previous studies
[14].

We presented earlier a preliminary report of our results
concerning the impact of treatment intensification on the
development of the earliest atherosclerotic lesions in type 1
diabetes in children [13]. The current study differs from the
previous one in that it involved one group of patients who
underwent a change in the mode of insulin administration,
from MDI to CSII. The 6-month observation on a larger
group than previously described showed beneficial effects of
CSII. We found a significant correlation of IMT and FMD
with metabolic control. Interestingly, the children who were
initially poorly controlled, during CSII therapy, were close
to reach the target HbA

1
c and FMD levels observed in well-

controlled patients, which can be explained by, for example,
better motivation to follow the therapeutic regimen. Lack of
similar correlation with regard to IMT can result from its
lower liability.

After 3 and 6 months, there was a drop in HbA
1
c levels,

which may be associated with treatment intensification and
better adjustment of insulin doses to physiological needs of
the body. Slight exacerbation of metabolic control after 6
months as compared to 3 months of treatment is likely to
result from poorer self-control of patients who got used to the
new method. This correlation was more distinct in the group
of children with better metabolic control—the mean HbA

1
c

value exceeded slightly the initial value. This may virtually
indicate that children should be reeducated after the first few
months of insulin pump application.

In our study, retinopathic adolescents had significantly
worse values of IMT and FMD, the differences being even
greater after 6 months of treatment intensification in the
study group (retinopathy-free ones). The results of this study
display profits from CSII for adolescents suffering from type
1 diabetes with this complication nowadays. In the study
by Downie et al. both retinopathy and microalbuminuria
were associated also with an improvement in socioeconomic
status over time. It is possible that there has been a bias
towards higher socioeconomic status individuals who attend
a complications assessment in recent years, in parallel with
improved knowledge [27].

In recent years, a hypothesis has been formulated that
even at similar levels of glycated hemoglobin, the risk of dia-
betic complications is higher in patientswith greater glycemic
variability, increased oxidative stress, and substantial glucose
fluctuations. The increased oxidative stress can be strictly
linked to impaired endothelium-dependent vasorelaxation
[28–30]. In T1DM patients, including children, oxidative
stress is a well-known phenomenon [31]. Bruttomesso et
al. have proven that young adults with type 1 diabetes are
characterized by better metabolic control, lower glucose
variability, fewer hyperglycaemic episodes, less daily insulin
dose, and lower free fatty acids when treated with CSII
as compared to those treated with MDI. CSII has been
found to reduce glycemic variability as compared to MDI
also in other studies [32–34]. In the study by Schreiver et
al. the authors were not able to prove that together with
observed reduced glycaemic variability during CSII com-
pared with MDI, markers of oxidative stress also decrease.
Authors underlined, however, methodological problems with
estimating oxidative stress markers and a possible missing
link between glycaemic variability and oxidative stress in
T1DM patients [35]. A new trace in this subject may bring
the conclusions from the recent study, where recurrent
hypoglycemia episodes were recognized as a risk factor
for future cardiovascular disease [36]. Reduced glycemic
variability with lower hypos on pumps therapy can be of
great importance. There is also growing evidence that CSII
decreases cardiovascular risk factors in poorly controlled type
2 diabetes [37], suggesting that synchronization of sufficient
insulin peaks with meal ingestion and continuous pulsatile
infusion of basal insulin corrects metabolic derangements.
As there are no such data considering T1DM young patients,
a further search for correlations between advancement of
micro- and/or macroangiopathy, intensification of treatment
with use of CSII and glycemic variability in children and
adolescents may appear a challenge.

Limitations of the Study. There are certain limitations of our
study implicating a careful interpretation of the conclusions.
The sample size was relatively small limiting power for
analysis. The group with retinopathy was older and with
longer diabetes duration,whichmight influence the statistical
significance in the differences observed in our results. Despite
these limitations we believe our data may still contribute to
understand some possible mechanisms of the impact of CSII
on the early angiopathy risk in T1DM young patients.
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7. Conclusions

The application of CSII through treatment intensification
improves ultrasound imaging parameters (IMT, FMD) in
the assessment of early atherosclerotic lesions in children
with type 1 diabetes. Baseline higher glycated hemoglobin
is associated with the possibility of achieving better effects
of treatment intensification. In patients with initially proper
metabolic control, the use of personal insulin pumps has a
beneficial effect on the earliest stages of atherosclerosis in the
assessment of IMT and FMD, even despite lack of significant
improvement in HbA

1
c. Whether on the long-run CSII is

superior to MDI to delay the occurrence of diabetes late
complications remains to be explained in future trials.
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The main problem both in type 1 (T1DM) and type 2 (T2DM) diabetes is the development of chronic vascular complications
encompassing micro- as well as macrocirculation. Chronic complications lower the quality of life, lead to disability, and are the
cause of premature death in DM patients. One of the chronic vascular complications is a diabetic retinopathy (DR) which leads to a
complete loss of sight in DMpatients. Recent trials show that the primary cause of diabetic retinopathy is retinal neovascularization
caused by disequilibrium between pro- and antiangiogenic factors. Gaining knowledge of the mechanisms of action of factors
influencing retinal neovascularization as well as the search for new, effective treatment methods, especially in advanced stages of
DR, puts special importance on research concentrating on the implementation of biological drugs in DR therapy. At present, it is
antivascular endothelial growth factor and antitumor necrosis factor that gain particular significance.

1. Introduction

Dynamic increase in morbidity both for type 1 (T1DM) and
type 2 (T2DM) diabetes has reached the state of an epidemic
in developed countries and in the developing ones; the inci-
dence of diabetes is increasing at still a quicker pace [1–3]. At
present, 284.6 million people are sick with diabetes. Accord-
ing to statistics, in 2030, this number will increase to 438
million, that is, 6.4% of the global population [1]. The main
problem both in type 1 (T1DM) and type 2 (T2DM) diabetes
is the development of chronic vascular complications encom-
passing micro- as well as macrocirculation [4–7]. Chronic
complications lower the quality of life and lead to disability.
Moreover, they shorten life expectancy on average by 16 to 20
years in T1DM patients and by 4 to 6 years in those with
type 2 diabetes [8–10]. It is also worth mentioning that the
worldwide costs of treating diabetes and its complications are
on average 5 to 10% of the overall funds for health service [11–
13]. Diabetic retinopathy (DR) is the most common cause of
vision loss, and a large number of diabetic patients experience

significant vision impairment [10, 14, 15]. Within the first 10
years of living with diabetes, retinopathy can be diagnosed
in nearly all T1DM patients and in over 60% of those with
T2DM. In the Wisconsin Epidemiologic Study of Diabetic
Retinopathy (WESDR), 3.6% of patients with T1DM diag-
nosed at a younger age and 1.6% of those in whom T2DM
developed in a later stage of life were considered blind [15].
Moreover, in the group of T1DM patients, diabetic retinopa-
thy was diagnosed as the cause of blindness in 86% of cases,
while in T2DMgroup of patients, in whom the disease started
at an older age and who often suffered from other diseases
affecting sight, diabetic retinopathy caused loss of sight in 1/3
of cases [15].

Pathogenesis of DR is complex, and despite a lot of
research, it has not been completely elucidated. The disease
process encompasses characteristic changes, namely, thick-
ening of the basement membrane coupled with its increased
permeability, loss of pericytes leading to diminished vessel
wall tone and development of protruding micro aneurysms,
and proliferation of mesangium causing obstruction and
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obliteration of capillaries. Now, we know that diabetic reti-
nopathy is the effect of genetic, environmental, and immuno-
logical factors acting together [16–18]. The main initiating
factor for the changes observed in the course of diabetic
retinopathy is hyperglycemia. Its metabolic consequences
stem from toxic effects of chronically heightened glucose
levels in the blood. Numerous trials have demonstrated that
chronic, nonphysiologically high blood glucose concentra-
tion in diabetic patients causes pericyte damage in the retina,
as these cells are the onesmost quickly reacting to the glucose
overflow.The damaging effect within parietal cells is done by
the activation of several metabolic pathways. One of themost
important biochemical reactions, which plays an important
part in the development of vascular complications in the
course of diabetes, is the nonenzymatic glycation of proteins.
Its effects are advanced glycation end products (AGEs) [19,
20]. AGEs are permanent, non-reversible products with an
ability to produce cross-links between proteins [19–21]. Ani-
mal experiments in vitro and in vivo have proven the relation-
ship between AGE concentration and the presence of symp-
toms characteristic for diabetic retinopathy. The researchers
have put particular attention to the enhancement of apoptosis
of cells building retinal vessels walls, the formation of cellular
capillaries in the retina, and the retinal neovascularization
[22, 23]. It is worth noting that the application of AGE
inhibitors prevented abnormal pathogenesis [24, 25]. Despite
many trials, the mechanisms of enhanced retinal pericytes
apoptosis remain unclear. However, numerous pieces of
research suggest that such enhanced apoptosis stems from the
accumulation of AGE in pericytes. AGEs exert toxic pro-
prieties and may change cellular enzymes’ activity. AGEs
accumulating in the basal membranes of the retina modify
vascular basal membranes by creating cross-links. As a con-
sequence, pathological changes develop in the retinal vessels
[16, 26–28].

Up till now, both our research and the work of other
authors show significantly higher AGEs level both in the
serumof childrenwith T1DMand late vascular complications
[29, 30] and in adults patients with diabetes and PDR
[31, 32]. Moreover, in our last research, by applying ROC
curve for AGEs, we have determined the reference level for
19.867 pg/mL in the examined group of children and adoles-
cents with T1DM [29]. The end products of advanced glyca-
tion influence the cells of many tissues by specific receptors
localized on macrophages and endothelial cells which take
part in the metabolic turnover of proteins, tissue remodeling,
and inflammatory process [23, 24]. The best known receptor
linking the advanced glycation end products is the receptor
for advanced glycosylation end products (sRAGE). AGE
interaction with sRAGE on the surface of monocytes,
macrophages, and endothelial cells increases the synthesis
and secretion of pro-inflammatory cytokines, such as inter-
leukin 1 (IL1), tumor necrosis factor 𝛼 (TNF-𝛼) and vascu-
lar endothelial growth factor (VEGF), adhesive molecules,
and the activation of a nuclear transcription factor NF𝜅B
[33–36]. This process encompasses characteristic changes,
namely, thickening of the basement membrane coupled
with its increased permeability, loss of pericytes leading to
diminished vessel wall tone, and development of protruding

micro aneurysms, as well as proliferation of mesangium
causing obstruction and obliteration of capillaries [16, 21, 23],
Figure 1.

Research on the drug which would protect amino groups
of proteins exposed to glycation in the first step or prevent
the cross-links formation in the third step of the reaction
is still ongoing. Drugs preventing the formation of AGE
complexes probably block the carbonyl groups of Amadori
rearrangement products. This prevents the formation of
cross-links with other proteins by binding with their amino
groups. Aspirin also exhibits some protecting properties [37,
38]. Another anti-AGE agent, pyridoxamine, also prevented
development of DR. However, clinical trials of anti-AGE
agents for the treatment of DR have not yet been con-
ducted. Based on those reports, we evaluated the effects
of oral aminoguanidine and pyridoxamine on the develop-
ment of cataract and DR in SDT rats. Authors reported
that aminoguanidine prevented accumulation of CML and
resulted in almost complete inhibition of DR [39, 40].

2. Vascular Endothelial Growth Factor (VEGF)

VEGF, also known as the vascular permeability factor—VPF
or vasculotropin, is nowadays considered the main angiog-
enesis-controlling factor. VEGF is produced by endothe-
lial cells, macrophages, CD4 lymphocytes, plasma cells,
myocytes, megakaryocytes, and neoplastic cells [41]. It is
a 45 kDa homodimeric glycoprotein belonging to a wide
family of growth factors. At present, theVEGF family consists
of 6 proteins: VEGF-A,-B,-C,-D,-E, and placental growth
factor (PGF) [41]. The best known and most widely used in
clinical practice is VEGF-A.We also know several VEGF iso-
forms: VEGF121, VEGF145, VEGF148, VEGF162, VEGF165,
VEGF183, VEGF189, andVEGF206, differing by the length of
aminoacids chain, the ability to bind with heparin, mitogenic
activity, and the affinity to VEGF receptors [42, 43]. The role
of VEGF in the pathogenesis of diabetic retinopathy was first
confirmed in 1994 [44]. VEGF stimulates proliferation and
migration of endothelial cells and increases vascular perme-
ability. Besides, it induces the production of tissue collage-
nase and increases macrophage and monocyte chemotaxis.
It is also said that VEGF contributes to the increased per-
meability of blood-retina barrier and that it stimulates the
neovascularization process in the advanced retinopathy [43,
45–47]. The increased level of VEGF expression was found
already in the early stages of nonproliferative retinopathy
in children and adolescents with T1DM [48–50]. It is been
suggested that VEGF may play a part in the development of
vascular changes in children and adolescents already in the
first years of diabetes, when popular and available diagnostic
methods would not yet show any changes characteristic
of diabetic retinopathy [49, 50]. Moreover, in our other
research (Zorena et al. 2010) we have shown that the level
of VEGF was higher in patients with T1DM diagnosed with
retinopathy, nephropathy, and hypertension as compared
with patients with T1DM, retinopathy, and nephropathy but
with no hypertension. What is more is that there were also
no significant differences in the serum levels of VEGF bet-
ween the group of patients with T1DM, retinopathy, and
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Figure 1: Biomarkers involved in the development and progression of diabetic retinopathy. AGEs—advanced glycation end products,
RAGEs—receptor for advanced glycation end products, bFGF—basic fibroblast growth factor, VEGF—vascular endothelial growth factor,
MMPs—metalloproteinases, TNF-𝛼—tumor necrosis factor alpha, IL1—Interleukin 1, Interleukin 6—IL6, HGF—hepatocyte growth factor,
PLGF—placental growth factor, EGF—epidermal growth factor, Ang-2—angiopoietin-2, PDGF—platelet-derived growth factor, TGF-𝛽-
transforming growth factor-beta, Th—helper lymphocytes, NK—natural killer, IL4—Interleukin 4, IL10—Interleukin 10, IL12—Interleukin
12, IFN𝛾—interferon-𝛾. Modified Figure 1 of [16].

nephropathy but no hypertension and the healthy control
level. These data show that until the appearance of three
complications, VEGF level in children and adolescents with
T1DM is not significantly higher as compared with healthy
controls [51]. Furthermore, there are numerousworks in liter-
ature showing increased values of VEGF both in the vitreous
humor and in the vitreous body of patients with proliferative
diabetic retinopathy or diabetic macular edema (DME) as
compared with healthy controls [45–47].

3. Antivascular Endothelial Growth
Factor (VEGF) Treatment

Currently, there are four anti-VEGF agents which have been
used in the management of diabetic retinopathy, includ-
ing pegaptanib (Macugen; Pfizer, Inc., New York, USA),
ranibizumab (Lucentis; Genentech, Inc., South San Francisco,
California, USA), bevacizumab (Avastin; Genentech, Inc.),
and VEGF Trap-Eye (Regeneron Pharmaceuticals, Inc., Tar-
rytown, New York, USA).

3.1. Pegaptanib. (Macugen; Eyetech Pharmaceuticals, Inc.
and Pfizer Inc., New York) is an aptamer, which was the first
of anti-VEGF factors to be approved for the treatment of neo-
vascular AMD, as an inhibitor of the 165 VEGF isomer [52].

A phase 2/3, randomized, double-blind, and 2-year trial has
been performed to assess the safety and efficacy of intravitreal
pegaptanib sodium 0.3mg compared with sham injections in
subjects with DME, with focal/grid photocoagulation being
permitted as needed after week 18. The authors showed that
intravitreal pegaptanib sodium 0.3mg was well tolerated and
demonstrated superior efficacy over the sham treatment in
the therapy of patients with DME.The proportion of patients
with ≥10 letters (or 2 lines) of visual acuity improvement at
week 54 was statistically significantly greater in the pegap-
tanib group versus those in the sham treatment arm [53].

3.2. Bevacizumab. (Avastin;Genentech, South San Francisco,
California) is 93% of a human immunoglobulin Ig1 and 7% of
amurine fragment. A specific antibody domain recognises all
VEGF-A isoforms [54, 55]. Bevacizumab has recently been
used by ophthalmologists in an offlabel use as an intrav-
itreal agent in the treatment of proliferative eye diseases,
particularly for choroidal neovascular membrane (CNV) in
AMD. Although not currently approved by the FDA for such
use, the injection of 0.75mg–2.5mg of bevacizumab into the
vitreous cavity has been performed without significant
intraocular toxicity [56]. Many retina specialists have noted
impressive results in the setting of CNV, proliferative diabetic
retinopathy, neovascular glaucoma, diabetic macular edema,
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retinopathy of prematurity, and macular edema secondary to
retinal vein occlusions [57, 58]. What is interesting is that in
the last work of Suzuki et al. 2013, after bevacizumab injection
three days before vitrectomy, apart fromVEGF reduction, the
authors also showed lower levels of IL-1RA, IL-5, IL-10, IL-12,
IL-13 cytokines, and IFN-𝛾 [59]. Research ofDRCR.net group
continues to analyze the possibility of using bevacizumab in
the treatment of diabetic retinopathy [60, 61].

3.3. Ranibizumab. (Lucentis; Genentech, South San Fran-
cisco, California) is a humanized antibody fragment directed
at all isoforms of VEGF-A and is fabricated specifically for
intravitreal use. Ranibizumab is now FDA approved for the
treatment of age-related macular degeneration as well as
macular edema associated with retinal vein occlusion. For
diabetic macular edema, an initial small pilot study showed
efficacy of intravitreal injections of ranibizumab in reducing
macular thickness and improving visual acuity [62, 63].

In a recent study, authors presented a two-year observa-
tion of patients after dosing ranibizumab in diabetic macular
edema. After the initial 6 months, all patients were followed
up every 2 months. Patients in group 1 could be reinjected
if they had persistent or recurrent DME, patients in group
2 could receive either ranibizumab alone or laser only, and
patients in group 3 could receive ranibizumab alone or in
combination with laser. After 24 months, patients gained 7.7,
5.1, and 6.8 letters in each of the groups, respectively, and
the percentage of patients who gained three or more lines of
visual acuity was 24, 18, and 26%, respectively [64]. A recent
study presented Brown et al. 2013 to report 36-month out-
comes of RIDE (NCT00473382) and RISE (NCT00473330),
trials of ranibizumab in diabeticmacular edema [65]. Patients
were randomized equally (1 eye per patient) to monthly
0.5mg or 0.3mg ranibizumab or sham injection. In the
third year, they were eligible to cross over to monthly
0.5mg ranibizumab. The strong visual acuity (VA) gains and
improvement in retinal anatomy achieved with ranibizumab
at month 24 were sustained through month 36. Ocular and
systemic safety were generally consistent with the results seen
at month 24 [65].

4. Vascular Endothelial Growth
Factor Trap-Eye

VEGF Trap is a 115 kDa recombinant fusion protein consist-
ing of the VEGF binding domains of human VEGF receptors
1 and 2 fused to the Fc domain of human IgG1 [66]. The
research on the VEGF Trap is now approaching the end
of phase II in the treatment of retinal neovascularisation
secondary to AMD. Moreover, phase II of the research on
using this substance in the treatment of a diabetic eye disease
(DED) also starts. A phase I study showed that a single
intravitreal injection of VEGF trap-eye exerted biological
activity by improving visual acuity and reducing excess reti-
nal thickness in eyes with DME [63]. In this phase II random-
ized clinical trial, intravitreal VEGF trap-eye was superior to
macular laser treatment by the modified ETDRS protocol for
the treatment of DME over a 24-week period. VEGF trap-eye
resulted in significantly better mean visual acuity outcomes

(+8.5 to +11.4 versus +2.5 letters gained) and greater mean
reductions in retinal thickness (−127.3 to −194.5 𝜇m versus
−67.9 𝜇m) compared with laser alone [67].

It is worth noting that all the abovementioned drugs have
their side effects depending on the drug and the method of
administration itself [68, 69].

5. Insulin-Like Growth Factor (IGF)

IGF is a polypeptide showing likeness to insulin. There
are two such factors: insulin-like growth factor I (IGF-I)
and insulin-like growth factor II (IGF-II). IGF-1 polypeptide
circulates in the blood as an IGF-binding protein (IGF-BP),
probably inhibiting the activity of the free IGF. IGF-I is the
main growth factor secreted under the influence of a human
growth hormone hGH. In vivo and in vitro studies indicate
that IGF-1 acts as an antiapoptotic and anti-inflammatory
factor [70, 71]. In ischemic rat kidneys, IGF-I has been shown
to exert a protective activity by inhibiting pro-inflammatory
cytokines [72], while in Parkinson’s disease, antiapoptotic
IGF-I acted by inhibiting a GSK-3 beta signaling pathway
[71]. Protecting IGF-1 action encompasses also central ner-
vous system and cardiac myocytes. Postnatal IGF-1 deficit
may also play a part in the development and worsening of
neurological deficits in preterm babies [73]. Moreover, in
neonates born before term, low IGF-1 concentration is a
causative factor for the development of retinopathy of pre-
maturity (ROP) [74]. On the other hand lower IGF-1 levels
have been observed in children and adolescents with T1DM
andmicroangiopathy as comparedwith those with T1DMbut
no microangiopathy [75, 76]. Moreover, IGF-I concentration
was lowest in those children and adolescents with T1DMwho
had been suffering from diabetes for more than ten years.
Interestingly, the same children had higher level of VEGF
in serum, and that level had been rising in parallel with
the duration of the disease, being highest in patients living
with the disease for more than 10 years [48, 75, 77]. In adult
patients with PDR, the levels of both IGF-1 and VEGF in the
vitreous body were higher than in the control group [78, 79].
It is worth noting that the authors of these studies did not
observe differences in IGF-1 or VEGF levels in the serum. On
one hand, this effect can be explained by the increase of the
IGFBP’s concentrations in the vitreous body, which in turn
neutralizes the increased IGF-1 production, and on the other
hand, it can be explanied by inhibiting the production of free
IGF-1 in the tissues of diabetic patients [80].

6. Pigment Epithelium Derived Factor (PEDF)

PEDF is a 50 kDa proteinwith neuroprotective, neurotrophic,
and antiangiogenic activities [81, 82]. Pigment epithelium-
derived factor is a glycoprotein that belongs to the superfam-
ily of serine protease inhibitors. It was first purified from a
conditioned media of human retinal pigment epithelial cells
with neuronal differentiating activity [83]. Recently, PEDF
has been shown to be the most potent inhibitor of angio-
genesis in the mammalian eye; it inhibited retinal endothelial
cell growth and migration and suppressed ischemia-induced
retinal neovascularization [83–85]. In studies on mice
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without PEDF, gene Doll et al. have shown that lack of this
gene results in serious disturbances both in cell differenti-
ation and in retina architecture [84]. The hypothesis that
PEDF may inhibit angiogenesis by directly diminishing the
expression of the vascular endothelial growth factor gene first
appeared in 2003 [86]. PEDF also inhibits the production of
reactive oxygen species (ROS) and themonocyte chemotactic
protein (MCP-1). It also neutralizes harmful effects of the
glycation end products. Newest data confirm that PEDF
exhibits also a direct effect on vascular endothelial growth
factor receptor 1 (VEGFR-1) by increasing the gamma-
secretase complex activity [87]. Other research suggests the
role of a transcription factor NF-𝜅b and a Fas ligand, a
cytokine belonging to the TNF and its receptor (FasFas/
CD95) superfamily, by PEDF action. Volpert et al. have
proven that anti-FasL antibodies and the use of caspase
inhibitors inhibit PEDF. So, PEDF can prevent cell apoptosis
by activating transcription factor NF-𝜅b, as well as activate
programmed cell death by increasing the expression of a Fas
ligand [88]. In experimental studies, it is been shown that
PEDF inhibits neoangiogenesis when oxygen concentration
in the blood is normal but promotes it when oxygen is scarce
[89]. In the vitreous body of diabetic patients with PDR, the
level of a soluble vascular endothelial growth factor receptor-
1 (sVEGF-R1) has been significantly higher, and the level of
PEDF was lower as compared to the control group of patients
with diabetes but no signs of retinopathy [90].

PEDF may exhibit antiangiogenic effect through its
antioxidant action.The authors have shown that by its antiox-
idant effects PEDF can block the effects of proangiogenic
factors [91, 92]. In animal models, it is been shown that the
administration of PEDF may alleviate characteristic changes
in diabetic retinopathy [91]. In recent studies, Ishibashi et al.
(2013) demonstrated for the first time that PEDF could block
the AGE-induced apoptotic cell death of podocytes by sup-
pressing RAGE expression and subsequent ROS generation
partly via PPAR𝛾 activation [92].

7. Transforming Growth Factor Beta (TGF𝛽)

TGF-𝛽 belongs to the family of transforming growth factors
with immunoregulatory properties [93]. In humans, trans-
forming growth factor 𝛽 (TGF-𝛽) is present in three inactive
isoforms bound with latent associated protein (LAP) and
latent TGF-beta binding protein (LTBP). TGF-𝛽1 is present
in endothelial cells, hemopoietic cells, and connective tissue
cells, TGF-𝛽2 in epithelial tissue and in neurons, and TGF-𝛽3
in connective tissue cells. The activation takes place with the
use of plasmin or cathepsin D, after cleavage from nonactive
complex. It exerts its action through type I, II, and III TGF-𝛽
receptors and in conjunction with a specific SMAD protein
present in the cytoplasm [94–96]. Its biological role consists
of stimulating mesenchymal cell division which in turn
enhances angiogenesis and chondrogenesis. TGF-𝛽 inhibits
proliferation of T and B lymphocytes, NK cells and the
expression of class II MHC particles as well as the formation
of cytotoxic T-lymphocytes [97]. Moreover, it stimulates, for
example, posttraumatic regenerative processes by increasing
the production of proteins, collagen, fibronectin, and integrin

in fibroblasts. TGF-𝛽 can inhibit enzymes that take part in
the degradation of these proteins—heparinase, collagenase,
and stromelysin. Moreover it increases the production of
tissue inhibitors ofmetalloproteinases (TIMP).The increased
level of TGF-𝛽1 has been found in the idiopathic pulmonary
fibrosis, diabetic retinopathy, and glaucoma [97–99]. Among
the drugs currently in clinical use, the few that have anti-TGF-
activity include tranilast, losartan, glitazones, and imatinib
mesylate [100, 101].These drugs have been found to block the
production, activation, or biological activity of TGF-𝛽. More-
over, in the presence of trans-resveratrol showed inhibition
of TGF-𝛽1 and VEGF, COX-2, IL-6 and IL-8 [101]. However,
the total blockade of TGF-𝛽 function can have adverse effects,
such as the exposure of intraocular tissue to the damaging
effects of local and systemic immune responses. Therefore, a
new anti-TGF-𝛽 therapy is to selectively block its activation
at sites where excess TGF-activation occurs, without affecting
its basic function [100].

8. Interleukin 12 (IL12)

IL-12 is a multipurpose cytokine and in physiological condi-
tions, it is produced mainly by macrophages, dendritic cells,
keratinocytes, granulocytes, andmast cells [102]. It stimulates
proliferation, activation, and cytotoxicity of lymphocytes T
andNK (natural killer) cells, as well as the production of INF𝛾
and TNF-𝛼 by these cells. On one hand, IL-12 contributes
to the development of autoimmunological diseases, such as
rheumatoid arthritis, multiple sclerosis, and type 1 diabetes
[103, 104]; on the other, in vitro and in vivo studies have
shown that this cytokine has strong antineoplastic activities
[105]. Few studies conducted recently indicate that IL-12
may have antiangiogenic properties [106]. In vitro studies
have shown that maintaining the equilibrium between pro-
and anti-inflammatory mediators allows for maintaining
physiological angiogenesis, while disturbing this equilibrium
in favor of the first leads to pathological angiogenesis [107,
108]. In our studies (Zorena et al.), we have shown that in
the group of children with T1DM and retinopathy the serum
level of TNF-𝛼 was significantly higher and the level of IL-
12 was significantly lower than in the control group without
the symptoms of diabetic retinopathy [108]. Obtained results
suggest that increased TNF-𝛼 productionmay be the result of
insufficient IL-12 level. Maybe the balance between the pro-
and antiangiogenic cytokines is one of the factors preventing
the development of diabetic nephropathy and retinopathy in
those children. It has been shown that, in T1DM patients, IL-
12 serum concentration was the highest in subgroup with >
or = 3mg/L hsCRP (𝑃 < 0.05) [109].Moreover, a significantly
higher concentration of proinflammatory cytokine IL-12 has
been found in the aqueous humor of nontreated diabetic
retinopathy patients in comparison with diabetic patients
treated for retinopathy, without retinopathy, or with healthy
individuals [110]. The attempts of therapy with rhIL-12 anti-
bodies (ustekinumab) have been performed in patients with
Crohn’s disease and psoriatic arthritis [111, 112].
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9. Tumor Necrosis Factor-Alpha (TNF-𝛼)

TNF-𝛼 is one of the main inflammatory response cytokines.
It is produced mainly by monocytes and macrophages and
interacts with them by endo-, para-, and autocrine mode of
action. It acts chemotactically on monocytes and neutrophils
and activates them as macrophages. It enhances the cyto-
toxicity of monocytes and macrophages, being at the same
time one of the mediators of this cytotoxicity. Biological
effects largely depend on the quantity and intensity of TNF
secretion [113]. TNF-𝛼 is one of the cytokines inducing the
interruption of the blood-retina barrier by loosening tight
junctions between individual endothelial cells of the retina
and also between the cells of the retinal pigment epithelium.
Apart from taking part in the inflammatory processes, TNF-
𝛼 plays an important role in neovascularisation and vaso-
motor reactions [114, 115]. Factors significantly enhancing
the secretion of the cytokine are hypoxia and methylglyoxal-
modified proteins, which increase the level of mRNA TNF-𝛼
expression. This cytokine fulfills its numerous duties thanks
to the ability to stimulate the synthesis of other cytokines,
functionally connectedwith TNF-𝛼, extracellularmatrix pro-
teins, modulation of monocyte, andmacrophage chemotaxis,
aswell as the effect on the expression of adhesionmolecules in
the retinal vessels [114]. TNF-𝛼 has been found in the serum
of children and adolescents with T1DM and NPDR [49, 116].
The same authors have shown that out of the examined
proinflammatory factors, serum TNF-𝛼 level can be an inde-
pendent predictive factor for NPDR development in children
with T1DM [116]. Similarly higher level of serum TNF-𝛼
have been found in adult patients with T1DM and PDR
[117, 118]. Increased levels of TNF-𝛼has also been found in the
vitreous body of patients with T2DM and PDR as compared
with the control group [119].

Currently, five anti-TNF agents are commercially avail-
able: etanercept, infliximab, adalimumab, ceertolizumab
pegol, and golimumab [120–136].

9.1. Etanercept (Enbrel, Pfizer, New York, NY, USA). It is a
fusion (hybrid?) protein composed of a TNF receptor and the
Fc fragment of human IgG antibody. It inhibits the binding
of TNF-𝛼 and TNF-𝛽 to the surface TNF receptors, inacti-
vating TNF and suppressing neutrophil migration and proin-
flammatory cytokine synthesis. Clinical studies have been
indeterminate regarding the efficacy of etanercept for the
treatment of ocular inflammation [120–122].

9.2. Infliximab (Remicade, Janssen, Beerse, Belgium). It is an
IgG1 chimeric monoclonal antibody with a constant human
region and a variable murine one. This agent binds both the
soluble and the cell-bound TNF-𝛼 but not TNF-𝛽 [123]. It
has shown encouraging responses in patients with treatment-
resistant ocular inflammation including Behçet’s disease,
Wegener’s granulomatosis, sarcoidosis, and juvenile inflam-
matory arthritis [124].However, recently, the illustrated paper
demonstrates a rare extraintestinal manifestation of Crohn’s
disease, orbital myositis, and its temporal relationship to
the discontinuance of infliximab therapy and its successful

treatment, without recurrence with tapering prednisone and
adalimumab [125].

9.3. Adalimumab (Humira, Abbott). It is a fully human-
ized IgG1 monoclonal antibody, specifically directed against
TNF-𝛼, which binds both its soluble and cell-bound forms
[126]. Adalimumab has been used with increasing fre-
quency and found to be effective for treatment of bird-
shot retinochoroidopathy, juvenile inflammatory arthritis,
Behçet’s disease, and diabetic macular edema [127, 128].

9.4. Rituximab (Rituxan, Biogen Idec, Weston, MA). It is a
chimeric monoclonal antibody that binds to CD20 antigen
on the surface of B cells and suppresses B-cell differentiation
resulting in reduced IgG and IgM production [129]. It has
been found to be effective in treatment of systemic lupus
erythematosus, Behçet’s disease, Wegener’s granulomatosis
uveitis, and retinal vasculitis [130, 131].

9.5. SIMPONI (Golimumab, Janssen Biotech, Inc.). It is a
human monoclonal antibody forming stable complexes with
high affinity to the soluble and transmembrane form of
human tumor necrosis factor (TNF-𝛼), preventing TNF-𝛼
binding with its receptors. Human TNF binding by goli-
mumab neutralizes TNF-𝛼-induced expression of adhesive
selectin E particles, vascular cell adhesion molecules
(VCAM-1), and intercellular adhesion molecules (ICAM-1)
on the surface of endothelial cells. In in vitro studies,
golimumab inhibits the TNF-induced secretion of interleu-
kin IL-6, IL-8 and the granulocyte-macrophage colony stimu-
lating factor (GM-CSF). In patients receiving golimumab,
there was an improvement in C-reactive protein concen-
tration, which in turn significantly decreased concentrations
of interleukin 6 (IL-6), ICAM-1 particles, metalloproteinase
(MMP-3), and vascular endothelial growth factor (VEGF).
Moreover, in patients with RA or ankylosing spondylitis, it
was the TNF-𝛼 concentration that decreased, while in those
with psoriatic arthritis, it was the IL-8 concentration that
decreased [132–134]. However, it should be noted that the
above-mentioned administration of monoclonal antibodies
may bind to ocular complications [135, 136].

The search for new, efficient treatment methods, espe-
cially in advanced stages of diabetic retinopathy, makes
the research on biological drugs especially important. Con-
ducted studies suggest that among known factors, both pro-
angiogenic (such as TNF-𝛼 or VEGF) and antiangiogenic,
PEDF is a good material for study; although at present, the
success of monoclonal antibody therapy can be judged to be
merely moderate. The administration of all the above men-
tioned drugs is associated with many complications, drugde-
pendent as well as linked with the method of drug admin-
istration itself. The latter can give transient complications,
such as subconjunctival hemorrhage, the feeling of a foreign
body under the eyelid, and increased intraocular pressure.
Serious complications, with about 0.05% frequency, encom-
pass the intraocular inflammation, retinal detachment, dam-
age to the lens, or hemorrhage into the vitreous body.
However, ongoing energetic studies in many centers around
the world suggest that most probably in the near future we
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will achieve therapeutic success in preventing loss of sight in
DM patients.
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[45] R. Simó, E. Carrasco, M. Garćıa-Ramı́rez, and C. Hernández,
“Angiogenic and antiangiogenic factors in proliferative diabetic
retinopathy,” Current Diabetes Reviews, vol. 2, no. 1, pp. 71–98,
2006.

[46] B. Wirostko, T. Y. Wong, and R. Simó, “Vascular endothelial
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Lipowski, andK. Raczyńska, “Interleukin-12 and tumour necro-
sis factor-𝛼 equilibrium is a prerequisite for clinical course
free from late complications in children with type 1 diabetes
mellitus,” Scandinavian Journal of Immunology, vol. 67, no. 2, pp.
204–208, 2008.

[109] M. Wegner, A. Araszkiewicz, A. Pioruńska-Mikołajczak, D.
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[121] P. P. Sfikakis, “Behçet’s disease: a new target for anti-tumour
necrosis factor treatment,” Annals of the Rheumatic Diseases,
vol. 61, supplement 2, pp. ii51–ii53, 2002.

[122] L. L. Lim, F. W. Fraunfelder, and J. T. Rosenbaum, “Do tumor
necrosis factor inhibitors cause uveitis? A registry-based study,”
Arthritis and Rheumatism, vol. 56, no. 10, pp. 3248–3252, 2007.

[123] L. H. Calabrese, “Molecular differences in anticytokine thera-
pies,”Clinical and Experimental Rheumatology, vol. 21, no. 2, pp.
241–248, 2003.

[124] A. Yoshida, T. Kaburaki, K. Okinaga, M. Takamoto, H.
Kawashima, and Y. Fujino, “Clinical background comparison
of patients with and without ocular inflammatory attacks after
initiation of infliximab therapy,” Japanese Journal of Ophthal-
mology, vol. 56, no. 6, pp. 536–543, 2012.

[125] S. Verma, K. I. Kroeker, and R. N. Fedorak, “Adalimumab for
orbitalmyositis in a patient with Crohn’s disease who discontin-
ued infliximab: a case report and review of the literature,” BMC
Gastroenterology, vol. 13, article 59, 2013.

[126] M. Benucci, G. Saviola, M. Manfredi, P. Sarzi-Puttini, and F.
Atzeni, “Tumor necrosis factors blocking agents: analogies and
differences,” Acta Bio Medica, vol. 83, no. 1, pp. 72–80, 2012.

[127] I. K. Petropoulos, J. D. Vaudaux, and Y. Guex-Crosier, “Anti-
TNF-𝛼 therapy in patients with chronic non-infectious uveitis:
the experience of Jules Gonin Eye Hospital,” Klinische Monats-
blatter fur Augenheilkunde, vol. 225, no. 5, pp. 457–461, 2008.

[128] L. Wu, E. Hernandez-Bogantes, J. A. Roca, J. F. Arevalo, K.
Barraza, and A. F. Lasave, “Intravitreal tumor necrosis factor
inhibitors in the treatment of refractory diabetic macular
edema: a pilot study from the Pan-American collaborative
retina study group,” Retina, vol. 31, no. 2, pp. 298–303, 2011.

[129] N. R. Biswas, G. K. Das, and A. K. Dubey, “Monoclonal anti-
bodies in ophthalmology,” Nepal Medical College Journal, vol.
12, no. 4, pp. 264–271, 2010.

[130] K. J. Donnithorne, R. W. Read, R. Lowe, P. Weiser, R. Q. Cron,
and T. Beukelman, “Retinal vasculitis in two pediatric patients

with systemic lupus erythematosus: a case report,” Pediatric
Rheumatology Online Journal, vol. 11, no. 1, p. 25, 2013.

[131] C. S. Foster, P. Y. Chang, and A. R. Ahmed, “Combination
of rituximab and intravenous immunoglobulin for recalcitrant
ocular cicatricial pemphigoid. A preliminary report,” Ophthal-
mology, vol. 117, no. 5, pp. 861–869, 2010.

[132] E. Shono, “Effectiveness of golimumab in clinical management
of patients with rheumatoid arthritis,”Drugs in R&D, vol. 13, no.
1, pp. 95–100, 2013.

[133] D.Owczarek,D. Cibor,M. Szczepanek, andT.Mach, “Biological
therapy of inflammatory bowel disease,” Polish Archives of
Internal Medicine, vol. 119, no. 1-2, pp. 84–88, 2009.

[134] A. Beck, T. Wurch, and J. M. Reichert, “6th annual European
antibody congress 2010: November 29–December 1, 2010,
Geneva, Switzerland,”MAbs, vol. 3, no. 2, pp. 111–132, 2011.
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Glucagon-like peptide-1 (GLP-1) is a gut-derived incretin hormone that has been shown to improve glucose homeostasis in type 2
diabetes. The biological effects of GLP-1 are mediated by its specific receptor GLP-1R that is expressed in a wide range of tissues,
where it is responsible of the extra-pancreatic effects of GLP-1. Since the retinal pigment epithelium (RPE), that forms the outer
retinal barrier, has a key role in protecting from diabetic retinopathy (DR), we investigated the potential expression and function
of GLP-1R in a RPE cell line. ARPE-19 cells were cultured in DMEM/F12 supplemented with 10%FBS. The expression of GLP-
1R was evaluated at both mRNA and protein levels. Then, the activation postreceptor intracellular signal transduction pathways
(extracellular signal-regulated kinases 1 and 2 [ERK1/2] and protein kinase B [PKB]) were assessed by western blot in normal
cells or silenced for GLP-1R in the presence or absence of 10 nmol/L GLP-1. The potential connections between intracellular
signalling pathways triggered by GLP-1 stimulation were performed before incubating cells with kinase pharmacological inhibitors
of mitogen-activated protein kinase (MEK)1/2, phosphatydilinositol-3kinase (PI3K), or epidermal growth factor receptor (EGFR).
The results showed that GLP1R is expressed at both mRNA and protein level in ARPE-19 cells. Stimulation with GLP-1 strongly
activated PKB and ERK1/2 phosphorylation till 40min of exposure. GLP-1-mediated activation of both kinases was dependent on
the upstream activation of PI3K and EGFR. Finally, treatment with GLP-1 did not affect the spontaneous release of VEGF-A from
ARPE-19 cells. In conclusion, this paper showed that the presence of functional GLP-1R is expressed in RPE cells. These data might
represent the rationale to further investigate the potential direct beneficial effects of GLP-1 treatment against DR.

1. Introduction

Glucagon-like peptide-1 (GLP-1) is a potent glucoincretin
hormone released from intestinal L-cells in response to
nutrient ingestion [1, 2]. This molecule was shown to
improve glucose homeostasis not only potentiating glucose-
dependent insulin release (main action), but also suppressing
glucagon secretion and appetite and increasing 𝛽-cell mass.
More recently, GLP-1 was shown to upregulate proinsulin
gene transcription and insulin production also in pancreatic
beta-cells not exposed to glucose, but stimulated with other
mediators of injury [3–7].These protective effectswere shown

to be mediated by GLP-1 binding to its cognate high-affinity
receptor (GLP-1R), a glycosylated protein member of the G-
protein-coupled receptor superfamily [8]. GLP-1 binding to
GLP-1R activates various intracellular signalling pathways
that have been mainly identified in pancreatic beta-cells
[9–11]. However, recent evidence showed that GLP-1R is
expressed also in peripheral tissues, including the central
and peripheral nervous systems, heart, kidney, lung, and
gastrointestinal tract [12], suggesting that GLP-1 might be
directly protective not only on glucose homeostasis, but
also on diabetes complication in peripheral organs. Recently,
treatment with exedin-4 (a long-acting agonist of GLP-1R)
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was shown to reduce development of diabetic retinopathy
([DR], one of the commonest complications of diabetes)
in animal models of diabetes, [13–15]. DR is considered
as a neurodegenerative disease of the eye, characterized
by loss of neuronal cells with a progressive alteration of
retinal microvasculature, increased vascular permeability,
and pathologic intraocular neovascularization [16–18]. The
pathogenesis of DR is associatedwith changes in the activities
of retinal pigment epithelium (RPE), a monolayer of highly
specialized cells located between the retinal photoreceptors
and the choroidal vasculature [19, 20]. Since RPE cells play
a central role in retinal homeostasis by forming the outer
retinal barrier and supporting the function of photoreceptors,
in the present study, we investigated whether the GLP-
1/GLP1R axis was expressed and functional in RPE cells.

2. Methods

2.1. Cell Culture and Experimental Conditions. The human
cell line ARPE-19 (American Type Culture Collection, Man-
assas, VA, USA) was grown in a 1-to-1 ratio of DMEM/F12
(Cambrex Bio Science, Walkersville, MD, USA) supple-
mented with 10% FBS, 2mmol/L-glutamine (Sigma-Aldrich,
Milan, Italy), and antibiotics (100U/mL penicillin G and
100 𝜇g/mL streptomycin sulphate) (Sigma-Aldrich, Milan,
Italy). Cells were maintained at 37∘C in a humidified 5% CO

2

air incubator. The cell medium was replaced every 2 days.
Cells were grown to confluence, removed with trypsin-EDTA
(Sigma-Aldrich, Milan, Italy), and then seeded in multiwell
dishes for the stimulations.On the basis of recent publications
[3, 4], the dose of 10 nmol/L for GLP-1 (AnaSpec, Fremont,
CA, USA) was selected and used in this study. This concen-
tration corresponds to amaximal effective concentration that
is broadly used in the literature and to plasma concentration
of the incretin following a high-carbohydrate meal [8, 21, 22].

2.2. Cell Viability. In order to evaluate the cell proliferation,
ARPE-19 cells were plated in 96-well plates (2 × 104 cells/well)
and cultured for 24, 72, or 96 hours in the presence or absence
of 10 nmol/L GLP-1. Viable cells were identified using the
Cell Titer 96 Aqueous One Solution Cell Proliferation Assay
(Promega, Milan, Italy), accordingly to the manufacturer’s
instructions, as previously described [23].

2.3. Reverse Transcriptase-Polymerase Chain Reaction (RT-
PCR). Total RNAwas extracted fromARPE-19 cells cultured
with control medium alone with RNeasy kit (QIAGEN s.r.l.,
Milan, Italy) according to manufacturer’s instruction. The
RNA concentration was determined spectrophotometrically.
One microgram of RNA was reverse-transcripted to cDNA
using GoScript Reverse Transcription System (PROMEGA
ITALIA, Milan, Italy) and then amplified by PCR. The set
of primers for human GLP1R was purchased from QIAGEN
S.p.A., Milan, Italy, and the resultant PCR product was 98 bp.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as internal control. Primers for GAPDH were designed
according to their mRNA sequences from the GenBank

(sense: 5-TGA AGG TCG GAG TCA ACG GAT TTG GT-
3; antisense: 5-CATGTGGGCCATGAGGTCCACCAC-
3). The resultant PCR product was 558 bp. The cDNA was
amplified using the PCR Master Mix (PROMEGA ITALIA,
Milan, Italy), each cycle consisting of 30 s at 94∘C, 60 s at 62∘C
for amplifying GLP1R and GAPDH, with a final extension
step of 10min at 72∘C. All the samples were amplified in a
linear amplification range established using a serial cDNA
dilution and varying the number of cycles (37 cycles for
GAPDH and GLP1R). PCR products were electrophoresed
onto a 1.5% agarose gel containing ethidium bromide and
visualized under UV light.

2.4. RNA Silencing. For the GLP-1R siRNA experiment a
pool of 4 prevalidated siRNA designed for human GLP-
1R were used (Dharmacon Accell si RNA reagents, Thermo
Scientific, Milan, Italy). ARPE-19 cells were seeded in 12-
well plates in culture medium without antibiotics and grown
overnight to reach 60–80% confluence. The day after, Accell
delivery mix (Dharmacon Accell si RNA reagents, Thermo
Scientific, Milan, Italy) containing siRNA complexes was
prepared according to manufacturer’s instruction. Cells were
transfected with GLP-1R siRNA or control siRNA (which
correspond to a nontargeting 23-nucleotide siRNA designed
as negative control). Transfection mixtures were left on the
cells for 72 h, and then GLP-1R protein level was tested by
immunoblotting.

2.5. Immunoblotting Analysis. After treatments, ARPE-19
cells were lysed in RIPA buffer (50mmol/L Tris HCl pH 7.5,
150mmol/L NaCl, 1% NP40, 0.1% SDS, supplemented with
protease and phosphatase inhibitor cocktails), and protein
concentration was determined using the BCA protein assay
Kit. Total cell lysate (30 micrograms) was separated on a
SDS-PAGE and transferred onto nitrocellulose. Lysates from
the pancreatic insulin secreting cell line HIT-T15 were used
as positive control. Filters were blocked in 5% BSA and
incubated overnight at 4∘C with primary specific antibodies
anti-GLP1R, or 𝛽-Actin (both from Santa Cruz Biotech-
nology, Inc. Santa Cruz, CA, USA). Secondary specific
horseradish-peroxidase linked antibodies were added for 1 h
at room temperature. Bound antibodies were detected using
an enhanced chemiluminescence lighting system (Luminata
Classico, Millipore, Billerica, MA, USA), according to man-
ufacturer’s instruction. Bands of interest were quantified by
densitometry using the NIH program ImageJ. To verify equal
loading of the proteins, membranes were stripped again,
reblocked, and reprobed to detect 𝛽-actin.

To evaluate intracellular signalling pathways potentially
activated byGLP-1, cells were cultured in serum-freemedium
for 24 hours and in the absence or presence of 10 nmol/L
GLP-1 for different time points (up to 40minutes). Cells were
then lysed and total protein extract were used for western
blot analysis. In parallel experiments, cells were prestimulated
with pharmacological kinase inhibitors (10𝜇mol/l U0126,
for mitogen-activated protein kinase [MEK]1/2; 50 𝜇mol/l
LY294002, for Phosphatidylinositol-3kinase [PI3K]) for 10
minutes; or 0.25 𝜇mol/l Tyrphostin AG 1478 for epidermal
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Figure 1: GLP-1R is expressed inARPE-19 cells. (a) RT-PCR showingGLP-1RmRNA expression in humanARPE-19 cells cultured in standard
medium. The expected RT-PCR product size is 98 bp. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was utilized as an external
control. Representative agarose gel of three different experiments. (b). Representative western blot analysis of human GLP-1R protein levels
(∼65 kD) showing that GLP-1R protein is expressed in ARPE-19 cells. Lysates from the pancreatic insulin secreting cell line HIT-T15 were
used as a positive control. Representative western blot analysis of three different experiments is shown.
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Figure 2: GLP-1 does not affect ARPE-19 cell viability. Cells were cultured for 24, 72, or 96 hours in the absence (CTR, white bars) or presence
of 10 nmol/L GLP-1 (GPL-1, black bars). Cell proliferation rate was determined by a colorimetric method based on the formazan product of
the tetrazolium compound MTS. Results showed the percentage of absorbance compared to CTR. Data were expressed as the mean ± SE of
3 independent experiments.

growth factor receptor (EGFR) for 30 minutes. Then, cells
were stimulated in the presence or absence of 10 nmol/LGLP-
1 for 10minutes. After incubation, cells were lysed, and lysates
were separated by SDS-PAGE and immunoblotted with spe-
cific antibodies anti-phospho-p44/42 MAPK thr202/tyr204
(ERK1/2) and phospho protein kinase B Ser 473 (PKB) (Cell
Signaling Technology, Beverly, MA, USA). Membrane-were
stripped and reprobed respectively with anti-ERK1/2 or PKB
antibody (Cell Signaling Technology, Beverly, MA, USA) to
normalize the blots for total protein levels.

2.6. Vascular Endothelial Cell Growth-Activated (VEGF-A)
Secretion. ARPE-19 cells were cultured for 24 hours in the
presence or absence of 10 nmol/LGLP-1. To quantifyVEGF-A
secretion, the conditionedmedia were collected and stored at
−80∘C until the assay was performed. Cells were then washed
twice with PBS and lysed in RIPA buffer, and lysates were
stored at −80∘C. The lysate protein content was determined
by the BCA Protein Assay Kit (Pierce, Rockford, MD, USA)
according to the manufacturer’s instructions. VEGF-A secre-
tion was assessed by ELISA (Bender MedSystem, Vienna,
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Figure 3: GLP-1 phosphorylates the intracellular signalling proteins PKB and ERK1/2. ARPE-19 cells were cultured in serum-free medium
for 24 hours and stimulated with control medium (0) or for 10, 20, and 40 minutes with 10 nmol/L GLP-1. Then, cells were then lysed and
tested for phosphorylation and total protein of PKB (a) and ERK1/2 (b). Upper panel: representative western blot analysis of three different
experiments is shown. Lower panel: densitometries of western blot bands. Data were expressed as mean ± SE of fold induction relative to
total protein (𝑛 = 3). ∗∗𝑃 < 0.01 and ∗∗∗𝑃 < 0.001 versus time 0.
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Figure 4: GLP-1R silencing abrogates GLP-1-induced signalling pathway activation. ARPE-19 cells were transfected with scrambled (scr)
siRNA control or GLP-1R siRNA and treated with 10 nmol/L GLP-1 for 10 minutes. Cells were then lysed and tested with antibody anti-
GLP-1R, anti-phPKB, or anti-phERK1/2. Membranes were stripped and reprobed, respectively, with anti-𝛽actin, anti-PKB, or antiERK1/2-
antibodies. (a) Representative western blot analyses of three different experiments are shown. (b) Quantification of densitometries of western
blot bands of GLP-1R. Data were expressed as mean ± SE of fold induction relative to 𝛽-actin (𝑛 = 3). ∗∗∗𝑃 < 0.001 versus scr siRNACTR. (c)
Quantification of densitometries of western blot bands of phPKB. Data were expressed as mean ± SE of fold induction relative to total PKB
(𝑛 = 3). ∗∗∗𝑃 < 0.001 versus respective CTR. (d) Quantification of densitometries of western blot bands of phERK1. Data were expressed
as mean ± SE of fold induction relative to total ERK1 (𝑛 = 3). ∗∗𝑃 < 0.01 versus CTR. (e) Quantification of densitometries of western blot
bands of phERK2. Data were expressed as mean ± SE of fold induction relative to total ERK2 (𝑛 = 3). ∗∗∗𝑃 < 0.001 versus CTR.
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Figure 5: Pharmacological inhibition of PI3K abrogatesGLP-1-induced activation of PKB.ARPE-19 cells were cultured in serum-freemedium
for 24 hours and stimulated for 10 minutes with 10 nmol/L GLP-1 in the presence or absence of MEK1/2 inhibitor U0126 (10𝜇mol/l) or PI3K
inhibitor LY294002 (50 𝜇mol/l), or EGFR inhibitor AG 1478 (0.25 𝜇mol/l). (a) Representative western blot analysis of PKB phosphorylation
(phPKB) and total protein is shown. (b) Quantification of densitometries of western blot bands. Data were expressed as mean ± SE of fold
induction relative to total PKB (𝑛 = 3). ∗∗𝑃 < 0.01; ∗∗∗𝑃 < 0.001 versus cells stimulated with control medium alone.

Austria). VEGF-A concentration was calculated from stan-
dards curve and normalized to total protein concentration of
the respective lysate.

2.7. Statistical Analysis. The results are representative of at
least 3 experiments. All analyses were carried out with
the GraphPad Prism 4.0 software (GraphPad Software, San
Diego, CA, USA). Data were expressed as the mean ± SE
and then analysed using Student’s 𝑡-test. 𝑃 value <0.05 was
considered as statistically significant.

3. Results

3.1. GLP-1R is Expressed on ARPE-19 Cells. The expression of
GLP-1R on ARPE-19 cells was demonstrated by RT-PCR and
western blot analysis. A band of about 100 bps was amplified
through RT-PCR confirmingmRNA expression of GLP-1R in
ARPE-19 cells (Figure 1(a)). To verify transduction of mRNA
into protein, western blot analysis with specific antibody anti-
GLP1R was performed. The immunoblots revealed a well-
detectable band between 60 and 70 kDaltons in the cytosolic
protein extracts from ARPE-19 cells that was similar to the
band shown in the positive control (HIT-T15 protein lysate)
(Figure 1(b)).

3.2. GLP-1 Activates Defined Intracellular Pathways via Its
Transmembrane Receptor GLP-1 on ARPE-19 Cells. We first
investigated whether stimulation with GLP-1 might affect
ARPE-19 cell viability during in vitro protocol. Cells were

cultured in the presence or absence of 10 nmol/L GLP-1
for 24, 72, or 96 hours. No difference in the ARPE-19 cell
proliferation rate was shown between standard medium and
GLP-1 at any time point investigated (Figure 2).

We then investigated the potential function of GLP-1R
in ARPE-19 cells. We focused on the downstream activation
of postreceptor intracellular signalling pathways triggered by
the binding of GLP-1 to its cognate GLP-1R. The incubation
with GLP-1 increased the phosphorylation levels of ERK1/2
and PKB as compared to the control cells already after 10
minutes (Figures 3(a) and 3(b)). These effects on ERK1/2
and PKB phosphorylation remained significantly increased
as compared to control medium at even 40 minutes of
incubation (Figures 3(a) and 3(b)). To demonstrate that
GLP-1 activated intracellular kinases via its cognate recep-
tor, we downregulated GLP1R expression through siRNA.
This method significantly reduced GLP1R protein levels as
compared to scrambled siRNA control (Figures 4(a) and
4(b)). In particular, transfection resulted in more than 60%
knockdown of GLP-1R (Figure 4(b)). In GLP1R silenced
cells, treatment with GLP-1 failed to phosphorylate PKB and
ERK1/2 (Figures 4(a), 4(c)–4(e)). On the other hand, in
scrambles siRNA controls, GLP-1-induced PKB, and ERK1/2
phosphorylation were maintained (Figures 4(a), 4(c)–4(e)).

Then, potential connections between PKB and ERK1/2
phosphorylation pathways were investigated. As expected
(since PI3K is known to be a direct upstream activator of
PKB in several cellular models) [24], the pharmacological
inhibition of PI3K with LY294002 abrogated GLP-1-induced
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Figure 6: Pharmacological inhibition of PI3K blocked GLP-1-induced activation of ERK1/2. ARPE-19 cells were cultured in serum-free
medium for 24 hours and stimulated for 10 minutes with 10 nmol/L GLP-1 in the presence or absence of MEK1/2 inhibitor U0126 (10𝜇mol/l)
or PI3K inhibitor LY294002 (50 𝜇mol/l), or EGFR inhibitor AG 1478 (0.25 𝜇mol/l). (a) Representative western blot analysis of ERK 1/2
phosphorylation (phERK1/2) and total protein is shown. (b) Quantification of densitometries of western blot bands of phERK1. Data were
expressed as mean ± SE of fold induction relative to total ERK1 (𝑛 = 3). ∗∗𝑃 < 0.01 versus cells stimulated with control medium alone. (c)
Quantification of densitometries of western blot bands of phERK2. Data were expressed as mean ± SE of fold induction relative to total ERK2
(𝑛 = 3). ∗∗∗𝑃 < 0.001 versus cells stimulated with control medium alone.

phosphorylation of PKB (Figures 5(a) and 5(b)). No effect on
GLP-1-mediated phosphorylation of PKBwas observed when
cells were preincubated with the selective MEK1/2 inhibitor
U0126 (Figures 5(a) and 5(b)). On the other hand, GLP-1-
induced ERK1/2 phosphorylation was inhibited by preincu-
bation with the selective inhibitor of MEK1/2 (the upstream
activator of ERK1/2) (Figures 6(a)–6(c)) and with PI3K
inhibitor LY294002 (Figures 6(a)–6(c)), suggesting that PI3K

activation is also required for the GLP-1-induced activation
of ERK1/2. Since it has been reported in other models that
GLP-1R can activate PI3K through the transactivation of the
epidermal growth factor receptor (EGFR) [25, 26], we also
preincubated cells with AG1478 (a selective tyrosine kinase
inhibitor of EGFR). PretreatmentwithAG1478was associated
with inhibition of downstream phosphorylation of ERK1/2
and PKB in the presence of GLP-1 (Figures 5 and 6).
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Figure 7: GLP-1 does not affect secretion of VEGF-A. ARPE-19 cells
were cultured for 24 h in in the presence or absence of 10 nmol/L
GLP-1.The conditionedmedia were collected, and VEGF-A levels in
supernatants were assessed by ELISA. VEGF-A concentration was
calculated from standards curve and normalized to total protein
concentration of the respective lysates.The results are representative
of three independent experiments (mean ± SE).

3.3. GLP-1 Does Not Affect Spontaneous Release of VEGF-A
on ARPE-19 Cells. RPE has be shown as a primary source of
the controversial mediator VEGF-A within the eye [27, 28].
Considering that treatments with GLP-1 receptor agonists
were shown to improve retinal diabetic complications in
animal models [14, 15], we investigated if this molecule might
increase the spontaneous release of VEGF-A from ARPE-19
cells. No significant difference between incubation with GLP-
1 and standard medium was shown (Figure 7).

4. Discussion

In this study, we showed that a GLP-1R is expressed in RPE
cells. An emerging clinical interest in themanagement of type
2 diabetes has been shown for GLP-1. This hormone protects
from diabetes and its complications improving both beta-
cell pathophysiology and potentially within the peripheral
organs (including the eye and kidney) targets of diabetic
complications [12]. The demonstration of GLP-1R in RPE
cells might suggest a novel protective role for GLP-1 also
in a very common complication of DM, such as DR. This
diabetic alteration of the retina is now considered as a
neurodegenerative disease of the eye, with breakdown of the
blood-retina barrier and loss of neuronal cells [16–18]. Recent
studies have demonstrated the existence of GLP-1 receptors
in the retinal nerve layer and that exenatide (a stable long-
acting analogous of GLP-1) can prevent the loss of cells and
maintain the normal retinal thickness in diabetic rats [14, 15].
Previous immunohistochemical studies showed that GLP-
1R expression was mainly in the inner retina [14]. Here, we
showed that GLP-1R is expressed also in the retinal pigment
epithelium, that constitutes the outer blood-retinal barrier
and therefore is essential for the integrity of the retina [29].

Another main result of this study is represented by a
demonstration that GLP-1R is capable of transducing GLP-
1-mediated signal within ARPE-19 cells. It has been reported

that binding of GLP-1 to its cognate receptor resulted in the
activation of different signalling pathways within various cell
subsets [9–11] (mainly pancreatic beta-cells). In particular,
GLP-1-triggered activation of PI3Kwas shown to be regulated
by multiple integrated pathways, exerting different beta-
cell functions, such as survival, metabolism, and channel
regulation [21, 30–32]. GLP-1-mediated activation of PI3K
resulted in the direct downstreamphosphorylation of the ser-
ine/threonine kinase PKB, pivotal for beta-cell proliferation
and survival [33, 34]. Similarly to PKB, the phosphorylation
of ERK1/2 in response to GLP-1 treatment has been demon-
strated in several insulinoma cell lines and in human islets
[11, 35, 36]. In this study, we showed that GLP-1 via its cognate
receptor GLP-1R significantly increased both downstream
PKB and ERK1/2 phosphorylation in ARPE-19 cells. Impor-
tantly, the phosphorylation of ERK1/2 and PKB was detected
after 10min of exposure to GLP-1 and remained elevated even
at 40min. To further identify the potential interconnections
between GLP-1R and these downstream intracellular path-
ways, we pretreated cells with selective inhibitors of some
kinases that have been shown to directly activate ERK1/2 and
PKB, respectively, an in other cell types [37, 38]. The results
demonstrated that inhibition of PI3K completely abrogates
GLP-1-induced phosphorylation of PKB and ERK1/2, sug-
gesting that activation of PI3K was upstream to both kinases.
On the other hand, the inhibition of MEK1/2 did not affect
PKB, but only ERK1/2 (as expected), indicating that GLP-1
might trigger via its receptor GLP-1R PI3K-dependent intra-
cellular pathways. Furthermore, accordingly with previous
reports in other cell lines [25, 26], the concomitant inhibition
of EGFR prevented the phosphorylation of ERK1/2 and PKB
induced by GLP-1, suggesting that GLP-1R signalling may
involve the transactivation of EGFR. Considering that the
activation of these pathways by GLP-1 was often associated
with an increased survival of injured cells [25, 26], in our
study we did not observe difference in cell proliferation,
suggesting that GLP-1 does not increase proliferation rate
in healthy RPE cells. Finally, our finding that GLP-1 failed
to increase the protective spontaneous VEGF-A secretion
further supports the hypothesis that GLP-1 does not alter
physiological function of ARPE-19 cells.

This study has some limitations: first of all our experi-
ments were carried out exclusively in vitro using a human
cell line. This aspect dramatically weakened the relevance
of our results. However, this study might represent the first
demonstration and rationale for additional studies investi-
gating a direct role of GLP-1/GLP-1R axis to prevent DR. A
second limitation is represented by the limited number of
retinal cell function investigated. The aim of this study is to
demonstrated the presence of a functional GLP-1R on ARPE-
19 cells.Thus, our results are preliminary to the exploration of
a different potential GLP-1-mediated activity on retinal cells.

5. Conclusions

In conclusion, our data showed that GLP-1R is expressed
on ARPE-19 cells and that this receptor is directly activated
by GLP-1. The underlying signalling pathways involve the
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PI3K- and EGFR-mediated activation of downstream PKB
andERK1/2. Knowledge that RPE cellsmay be responsiveness
to GLP-1 suggested that GLP-1/GLP-1R axis might potentially
contribute to prevent RPE cell dysfunction and, consequently,
DR. These results represent a novel evidence for an unex-
plored mechanism by which long-acting agonists of GLP-1R
(clinically administered to diabetic patients) might directly
protect from a relevant and common diabetic complication
such as DR.
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Copyright © 2013 Snježana Kaštelan et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Diabetic retinopathy (DR), the most commonmicrovascular complication of diabetes mellitus, is estimated to be the leading cause
of new blindness in the working population of developed countries. Primary interventions such as intensive glycemic control, strict
blood pressure regulation, and lipid-modifying therapy as well as local ocular treatment (laser photocoagulation and pars plana
vitrectomy) can significantly reduce the risk of retinopathy occurrence and progression. Considering the limitations of current
DR treatments development of new therapeutic strategies, it becomes necessary to focus on pharmacological treatment. Currently,
there is increasing evidence that inflammatory processes have a considerable role in the pathogenesis of DR with multiple studies
showing an association of various systemic as well as local (vitreous and aqueous fluid) inflammatory factors and the progression
of DR. Since inflammation is identified as a relevant mechanism, significant effort has been directed to the development of new
concepts for the prevention and treatment of DR acting on the inflammatory processes and the use of pharmacological agents with
anti-inflammatory effect. Inhibiting the inflammatory pathway could be an appealing treatment option for DR in future practices,
and as further prospective randomized clinical trials accumulate data, the role and guidelines of anti-inflammatory pharmacologic
treatments will become clearer.

1. Introduction

Diabetes mellitus is the most frequent endocrine disease in
developed countries estimated to have affected 366 million
people worldwide and is expected to nearly double by 2030
owing to an increase in obesity, life span extension, and better
detection of the disease. This global increase has a significant
impact on the prevalence of diabetic complications among
which diabetic retinopathy (DR) takes an important place [1,
2]. DR is a leading cause of acquired blindness inworking-age
adults and has been estimated to represent 12% of blindness
in developed countries [3, 4]. The prevalence of retinopa-
thy increases with the duration of diabetes and is related

to hyperglycemia, hypertension, hyperlipidemia, pregnancy,
nephropathy, and anemia [5–7].

Diabetes causes damage to all themajor cells of the retina,
vascular cells (endothelial cells and pericytes), and pigment
epithelial cells [8]. The vascular disruptions in DR are char-
acterized by abnormal autoregulation of retinal blood flow
caused by the loss of the pericytes that normally regulate
vessel calibre, breakdown of the inner blood-retinal barrier,
thickening of the capillary basement membrane, and damage
and proliferation of endothelial cells. Characteristic clinical
manifestations are the result of four main processes: the
appearance of microaneurysms, increased vascular perme-
ability, capillary occlusion, and fibrous and neovascular
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proliferation. Fluid leakage can range from microexudates
to the most severe form, namely, macular edema, which
can seriously reduce vision. The leakage of blood cells and
platelets through capillary walls cause, intraretinal haem-
orrhaging. Another lesion characteristic of DR is capillary
occlusion (nonperfusion with retinal ischemia), which may
lead to the proliferation of new vessels (neovascularization),
seeking out new routes to irrigate the ischemic area. These
new vessels are often surrounded by fibrous tissue, and this
fibrovascular complex may adhere to the posterior part of
the vitreous body. Traction on the vitreous which usually
happens with age or with rapid eye movement during sleep
can rupture the fragile structure of the new vessels and
lead to vitreous haemorrhaging or even retinal detachment.
New vessels and fibrous tissue can also close the anterior
chamber angle which leads to neovascular glaucoma with
severe elevations in intraocular pressure (IOP) [8, 9].

The primary goal of DR treatment is to improve or protect
vision by reducing vascular leaking and macular edema
formation, retinal ischemia, and growth of fragile new vessels
and thereby preventing vitreous hemorrhages and tractional
retinal detachment. However, it should be kept in mind that
DR can progress towards advanced stages asymptomatically
before actually affecting visual acuity [3, 8, 9].

The retina is a metabolically active tissue, and there-
fore hyperglycemia in diabetes with associated relative or
absolute insulin deficiency is thought to adversely affect
its normal physiology. Various biochemical, hemorheologi-
cal, and immunological mechanisms have been implicated
to explain the vascular disruption in retinopathy [10–13].
Recently, numerous clinical and laboratory investigations
have identified inflammation as an important factor in the
development of DR [14–17].

2. Inflammation and Diabetic Retinopathy

There is increasing evidence that inflammatory processes
have a considerable role in the pathogenesis of DR with
multiple studies showing an association of various systemic
as well as local (vitreous and aqueous fluid) inflammatory
factors and the progression of DR. Inflammation is present
in the development of both major causes of impaired vision
in diabetes, namely, increased retinal vascular permeability
(diabetic macular edema (DME)) and neovascularisation
(proliferative diabetic retinopathy (PDR)) [17–19].

Extensive research has verified the potential role of
inflammatory mediators in DR. One of these mediators is
tumor necrosis factor-alpha (TNF-𝛼), a proinflammatory
cytokine which is known as an initiator of inflammatory
reactions. High TNF-𝛼 levels have been detected in vitreous,
serum, and ocular fibrovascular membranes in patients
with DR [20–22]. TNF-𝛼 gene polymorphism is associated
with increased susceptibility to the disease [23]. Similarly,
interleukin-1 beta (IL-1𝛽) and its downstream signalling
molecule caspase 1 are found in high concentrations in the vit-
reous and retina of diabetic patients [21, 24, 25]. Interleukin-
6 (IL-6) levels in the vitreous are significantly correlated with
the severity and progress ofDR [26, 27]. In patientswith PDR,
increased vitreous concentrations of the IL-1𝛽, IL-6, soluble

Table 1: Treatment of diabetic retinopathy.

Controlling the
risk factors Local ocular treatment Pharmacologic treatment

Hyperglycemia Laser photocoagulation
of retina Corticosteroids

Hypertension Pars plana vitrectomia Anti-VEGF treatment

Hyperlipidemia Agents involved in
biochemical pathways

VEGF: vascular endothelial growth factor.

IL-2 receptor (sIL-2R), and IL-8 were found [28], whilst the
serum of the same patients contained elevated levels of TNF-
𝛼, IL-6, IL-8, and sIL-2R [12, 28, 29]. The mean serum TNF-
𝛼, IL-8, and sIL-2R levels increased with the stage of diabetic
retinopathy with the highest levels being detected in patients
with the proliferative form [12]. Recently, some studies have
pointed out the role of proinflammatory cytokine IL-12 as a
result of local retinal production in the development of DR
[30, 31]. Chemokines such as CCL2, CCL5, CXCL8, CXCL10,
and CXCL12 are also upregulated in the vitreous samples
of patients with DR [32–34]. In the serum of DR patients,
levels of TNF-𝛼, IL-1𝛽, CCL5, and CXCL12 are also found to
be significantly increased [21, 34], suggesting that systematic
inflammatory reactions are in some respect related to this
disease.

In addition to increases in the above-mentioned inflam-
matory mediators, increases in adhesion molecules such as
intracellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1) as well as activation of
leukocytes have been found to be related to the progression
of DR [34, 35]. Both molecules ICAM-1 and VCAM-1 pro-
mote chemoattraction of leukocytes into the vascular walls
and their migration into retinal tissues [35, 36]. Activated
leukocytes via adhesion molecules attach to the vascular
epithelium causing the release of inflammatory cytokines,
growth cytokines, and vascular permeability factors and
thus altering endothelial junctional proteins and allowing
leukocytic diapedesis into the retina [14, 17]. Besides disrupt-
ing the inner retinal barrier and compromising the blood-
retinal barrier (BRB), leukocytes promote angiogenesis. In all
these activities, leukocytes further additionally contribute by
producing VEGF, an inflammatory mediator that increases
vascular permeability and induces the expression of ICAM-1
and VCAM-1, respectively [35, 36].

3. Treatment of Diabetic Retinopathy

The first step in managing DR is to reduce the risk of its
development and progression by controlling the underlying
risk factors, namely, hyperglycemia, hypertension, andhyper-
lipidemia (Table 1). The Diabetes Control and Complications
Trial (DCCT) and United Kingdom Prospective Diabetes
Study (UKPDS) have shown that intensive glycemic control
is associated with a lower risk of retinopathy compared
to conventional therapy in type 1 and type 2 diabetes
[37, 38]. The UKPDS also determined that intensive blood
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pressure control reduces microvascular complications com-
pared with less intensive control [39]. Lipid-lowering therapy
particularly reducing the levels of serum cholesterol, low-
density lipoprotein (LDL), and triglyceride decrease the
severity of retinal hard exudates as well as the risk of
developing PDR [40, 41]. In addition to controlling these
modifiable risk factors, regular dilated eye examinations
have been shown to reduce the incidence of blindness
due to diabetic retinopathy through early detection and
timely treatment [42]. However, irrespective of all these
efforts not all cases of DR can be prevented which thereby
further highlights the need for effective treatment strate-
gies.

Currently, laser photocoagulation is the primary method
of treatment for patients with diabetic retinopathy who are
at a high risk for vision loss but unfortunately is not always
effective for improving vision. In many cases, when retinal
damage and vision loss have already occurred, laser treatment
can simply maintain vision and avoid further vision loss.
It is established that in about 50% of patients retinopathy
progresses despite laser photocoagulation. The procedure is
uncomfortable, and often repeated treatments are required.
Moreover, laser photocoagulation is an ablative destroying
retinal tissue procedure, where scars always enlarge over
time leading to decrease in night vision, colour vision, and
peripheral vision as well as loss of 1 or 2 lines of visual acuity
in some patients [43, 44]. Pars plana vitrectomy (PPV) is
a microsurgical procedure designed to remove vitreous gel
usually in order to achieve access to a diseased retina. It is the
mainmethod of treating severe complications of PDR such as
severe persistent vitreous hemorrhages and tractional retinal
detachment [45].

4. Pharmacological Treatment of DR

Despite standard intervention, vision loss due to DR still
occurs at a frightening rate. Considering the limitations and
side effects of current treatments of DR, there has been a
continuing attempt to understand themolecularmechanisms
that contribute to the occurrence and changes seen in the
diabetic retinas. Thus, many researchers have directed their
efforts towards better understanding of the microvascular
changes in DR in order to develop more effective phar-
macologic prevention and treatment as well as establishing
new treatment strategies. Currently, the three major classes
of pharmacologic agents being studied are corticosteroids,
vascular endothelial growth factor (VEGF) antagonists, and
agents that are involved in biochemical pathways (polyol
pathways activation, diacylglycerol, protein kinase C (PKC)
pathway activation, stimulation of cellular oxidative stress,
and changes in macromolecule structure and function via
the formation of advanced glycation end-products (AGE))
[46, 47].

Considering the involvement of the inflammatory pro-
cesses of low-grade chronic inflammation in the pathogenesis
of DR, special attention is focused on pharmacological agents
with anti-inflammatory effect. Inhibiting the inflammatory
pathway could be an appealing treatment option for DR in
future practices [16–19, 48].

Table 2: Anti-inflammatory therapy of diabetic retinopathy.

Drug Target Anti-inflammatory
mechanism

Corticosteroids
Triamcinolone
acetonide
Fluocinolone acetonide
Dexamethasone

Glucocorticoide
receptor

Proinflammatory
transcription factors
blockade

VEGF inhibitors
Pegaptanib
Bevacizumab
Ranibizumab

VEGF

Blocking
VEGF-mediated
inflammation, vascular
permeability, and
angiogenesis

NSAID COX

Inhibition of
proinflammatory,
prostaglandins
production

Vitamins C, E Oxidative stress Antioxidative stress
Blocking RAS
Losartan, Candesartan,
and Enalapril

RAS Blocking RAS-mediated
inflammation

Blocking inflammatory
molecules
Etanercept, Infliximab

TNF-𝛼
Blocking
TNF-𝛼-induced
inflammation

VEGF: vascular endothelial growth factor; NSAID: nonsteroidal anti-
inflammatory drug; COX: cyclooxygenase; RAS: renin-angiotensin system;
TNF-𝛼: tumour necrosis factor-alpha.

5. Inflammatory Mediators and
Medical Treatment

Since inflammation is identified as a relevant mechanism for
DR development, significant effort has been directed to the
development of new concepts for the prevention and treat-
ment of DR acting on the inflammatory processes (Table 2).

5.1. Corticosteroids. Corticosteroids have been included in
the treatment of DR andDMEdue to their anti-inflammatory
and antiangiogenic effects. Various inflammatory mediators
that are upregulated in DR and play a significant role in its
pathogenesis including TNF-𝛼, IL-1𝛽, and VEGF are very
well modulated with corticosteroids. They have been shown
to reduce vascular permeability, reduce the breakdown of the
blood retinal barrier, inhibit leukocyte adhesion to vascular
walls, and inhibit VEGF gene transcription and translation.
They rapidly decrease macular edema; however, their short
term and transitory effectiveness limit their application. Fre-
quently, new injections are necessary at different time inter-
vals when the antiedematous effects cease depending on the
half-life of the steroid being used. Systemic corticosteroids
are excluded from DR therapy due to ocular complications
such as cataract formation, IOP, and glaucoma as well as
systematic side effects including exacerbation of diabetes.
These side effects also occur with intraocular formulations
and may additionally limit their application. Currently, sev-
eral different steroids are being used to treat DME, namely,
triamcinolone, fluocinolone, and dexamethasone [49–51].
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Intravitreal injection of triamcinolone acetonide (IVTA)
(Kenalog 40), a slow-releasing steroid, is a promising therapy
treatment for DME that suppresses inflammation, reduces
vascular leakage, and inhibits fibrovascular proliferation [52].
In eyes with DME, it causes a reduction in foveal thickness
and shows improvement in visual acuity in several case
series [53, 54]. Intravitreal administration of TA is also
an effective treatment options for PDR [55]. However, the
treatment effect only lasts approximately 6months; therefore,
repeated treatments may often be required with a risk limit
on the safety due to multiple entries in the vitreous. Possible
complications of using TA include elevation of IOP, cataract,
and endophthalmitis [55]. The most significant complication
of IVTA is elevation of IOP resulting in secondary open-angle
glaucoma, which sometimes may be severe and intractable
[56]. Elevation of IOP up to 24mm Hg may occur in about
40% of patients, usually within 3 months [57]. Furthermore,
cataract formation may become visually significant in about
50% of eyes within 1 year [58]. The rates of injection-
related endophthalmitis following IVTA have been reported
to range between 0.09% and 0.87% per injection [59]. Reti-
nal detachment, lens trauma, and vitreous hemorrhage are
rarely reported complications of IVTA or other intravitreal
injections. The use of peribulbar, rather than intravitreal, TA
offers reduced risks of endophthalmitis and perhaps other
complications; however, this formof administration has some
limitations and is less effective than IVTA [60].

The lack of efficacy for chronic use associated side effects
and the need for reinjections have led to the development of
novel sustained release intravitreal steroid delivery methods.
These slow release formulations avoid the need for repeated
injections, enabling the use of smaller amounts of corticos-
teroids with less secondary side effects [46, 47, 49, 50, 61].

A steroid drug delivery system in development for use
in DME is the TA implant (I-vation), which has already
completed a Phase I trial in the long-term treatment of DME,
and a Phase II clinical trial is being planned. I-vation is com-
posed of biodegradable polymers which slowly degrade over
time, thereby bypassing the risk of secondary surgical com-
plications upon removal as compared to nonbiodegradable
devices. Other corticosteroids which have been incorporated
into these devices include dexamethasone and fluocinolone
[61, 62].

Ozurdex is an extended-release biodegradable dexam-
ethasone intravitreal implant that has been recently approved
by the Food and Drug Administration (FDA) for the treat-
ment of macular edema secondary to retinal vein occlusions
(RVO) and noninfectious uveitis. A Phase III clinical trial of
Ozurdex use in the treatment of DME is currently underway.
A previous study found that 700𝜇g dexamethasone was well
tolerated and produced statistically significant improvements
in BCVA and central retinal thickness at Day 90; however,
at Day 180 no significant difference in visual acuity was
found, and both treatments groups (350 𝜇g and 700𝜇g) had
an increased incidence of elevated IOP [62].

The fluocinolone acetonide intravitreal implant (Retisert)
is FAD-approved for the treatment of chronic, noninfectious
posterior segment uveitis. A Phase III clinical trial conducted
in patients with DME reported large cases of cataract and

glaucoma. [62, 63]. Another potential new steroid delivery
system is the sustained release fluocinolone acetonide non-
biodegradable intravitreal insert (Iluvien) which is designed
to release the drug gradually up to three years. Since the
device is miniature, it can be injected into the back of
the eye with a 25-gauge needle creating a self-sealing hole
with the procedure being similar to an intravitreal injection
[62, 64]. The two ongoing pivotal multicenter trials known
collectively as FAME study have shown improvement in best
corrected visual acuity (BCVA) at low-dose insert (0.19mg
total, approx. 0.23𝜇g/day) out of the two doses being studied
[62, 65].

5.2. Vascular Endothelial Growth Factor (VEGF) Inhibitors.
Vascular endothelial growth factor (VEGF), primarily iso-
form VEGF

164/165
, is a potent vasoactive cytokine and a

key mediator of blood-retina barrier breakdown and angio-
genesis in the ischemic retina. VEGF is produced by the
pigment epithelial cells, citespery, and endothelial cells of
the retina in response to hypoxia from capillary loss and/or
microaneurysm formation [4, 8, 66, 67].

The VEGF levels are significantly elevated in patients
with DME when compared with nondiabetic eye conditions
and its intravitreal concentration increases with the progres-
sion of DR from nonproliferative form to active PDR
[66, 67]. Similarly, successful panretinal photocoagulation
(PRP) reduced intraocular VEGF levels by 75% in patients
treated for ocular neovascularization [67]. These data sug-
gest that specific inhibition of VEGF activity may prevent
retinal neovascularization and associated blood flow abnor-
malities. The role of VEGF in retinal neovascularization
has encouraged the development of drugs that directly
inhibit the VEGF molecule such as the anti-VEGF aptamer,
pegaptanib (Macugen), the monoclonal antibody fragment
Ranibizumab (Lucentis), and the full-length antibody beva-
cizumab (Avastin) [46, 47].

5.2.1. Pegaptanib. Pegaptanib (Macugen) is a selective apta-
mer directed against the VEGF-A 165 isoform. It was the
first United States FDA-approved ophthalmologic anti-VEGF
agent for the treatment of choroidal neovascularization in
age-related macular degeneration (AMD) [68]. In phases 1,
2, and 3 prospective clinical trial, pegaptanib appeared to
improve anatomic and visual outcomes in patients with DME
as well as regressing neovascularisation [69, 70].

5.2.2. Bevacizumab. Bevacizumab (Avastin), a full-length
recombinant humanized antibody, is active against all iso-
forms of VEGF-A. It is FDA-approved as a systemic treatment
for metastatic colorectal cancer [71]. Case reports and small,
nonrandomized pilot studies have documented efficacy of
using off-label intravitreal bevacizumab against exudative
AMD, macular edema from nonischemic central retinal vein
occlusion, iris neovascularization as well as diffuse DME,
and various complications of PDR [72, 73]. The Diabetic
Retinopathy Clinical Research network (DRCR.net) in 2007
completed phase 2 of a prospective randomized multicenter
clinical trial to determine the safety and possible benefits of
this agent [74].
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5.2.3. Ranibizumab. Ranibizumab (Lucentis), a recombinant
humanized antibody fragment, is active against all isoforms
of VEGF-A. Intravitreal ranibizumab is FDA-approved for
the treatment of exudative AMD in 2006 [75]. Two pilot stud-
ies of ranibizumab demonstrated efficacy in the treatment
of DME [76, 77]. The results of phase 3 of two prospective
randomized multicenter comparing clinical trials, one in
patients with DME without PDR and another in patients
with DME and PDR (RISE and RIDE), have been recently
published. The outcome of phase 3 confirmed the results of
phase 2 with the conclusion that ranibizumab rapidly and
sustainably improved the vision, reduced the risk of further
vision loss, and improved macular edema in patients with
DME with low rates of ocular and nonocular impairments
[78].

Notwithstanding all efforts, the results of multiple con-
ducted researches have not yielded promising results for the
use of anti-VEGF treatments in DME such as in PDR or
neovascular glaucoma. This clinical observation therefore
indicates that the pathogenesis of DME is multifactorial, and
many other factors beyond VEGF may play a role in this
process.

5.3. Miscellaneous Anti-Inflammatory Agents

5.3.1. Nonsteroidal Anti-Inflammatory Drug (NSAID).
NSAID are a group of drugs including aspirin and salicylate
that exert anti-inflammatory activity by inhibiting cyclooxy-
genase (COX) enzyme-mediated eicosanoid formation
[79]. The Early Treatment DR Study and the Dipyridamole
Aspirin Microangiopathy of Diabetes Study [80] showed that
although treatment of patients with advanced DR with a low
dose of aspirin does not have any benefits, the development
of retinal microaneurysms is significantly minimised in
patients with early stage of DR when treated with a high
dose of aspirin (900mg/day). Clinical trial of specific COX-2
inhibitors has been discouraged given that systemic COX-2
inhibitors increase incidence of heart attacks and strokes
[79]. However, in preclinical studies topical administration
of COX-2 inhibitor was shown to reduce signs of DR similar
to its systematic application without the side effects [81], and
therefore it would be worthy to investigate its therapeutic
benefits in future clinical trials.

5.3.2. Effect on Oxidative Stress. As a key mediator in inflam-
mation, oxidative stress serves as an important target for
anti-inflammatory therapy. In diabetic rats, supplements
of antioxidants such as vitamins C and E attenuate the
development of acellular capillaries and decrease the number
of pericyte ghosts [82]. In diabetic animals or models of
ischemic retinopathy, blocking increased activity of nicoti-
namide adenine dinucleotide phosphate (NADPH) oxidase
induced by diabetes prevents vascular leakage and patholog-
ical neovascularization, respectively. Moreover, these studies
also reveal that statin treatment effectively blocks upregula-
tion of NADPH oxidase activity in DR, suggesting that the
benefit of statin treatment is at least partly due to its activity
in blocking NADPH oxidase [83].

5.3.3. Blocking RAS (Renin-Angiotensin System). The RAS
could be a promising aim for DR treatment since this sys-
tem is involved in both diabetes and hypertension-induced
retinal inflammation and is a pathway that interrelates with
multiple other pathways including oxidative stress andAGEs.
Specific blockade of the RAS with AT1R blocker (Losartan,
Candesartan) and angiotensin-converting enzyme inhibitor
(Enalapril) has been shown to prevent oxidative stress,
inflammation, and vascular damage in diabetic animal mod-
els [14, 84] as well as reducing the risk and the progression of
retinopathy [14, 85, 86]. However, further trials are necessary
to resolve and to fully evaluate the beneficial effect of RAS
blockade before its clinical usefulness is fully understood.

5.3.4. Blocking InflammatoryMolecules. In addition to block-
ers of general inflammation, studies have been perform-
ed to determine whether targeting specific inflammatory
molecules can be beneficial in DR treatment. As a key
player inmany inflammatory reactions, the proinflammatory
cytokine TNF-𝛼may be a suitable target for many inflamma-
tory diseases.

Etanercept (Enbrel) is a recombinant fusion protein hav-
ing anti-TNF-𝛼 property and is FDA-approved for the
treatment of psoriasis [87]. A small series of patients with
refractory DMEwere treated with intravitreal etanercept, but
no statistically significant improvement was recorded [88].
Infliximab (Remicade) is another TNF-𝛼 antagonist that is
FDA-approved to treat Crohn’s disease. An investigation of
systemic treatment of DMEwith Infliximab has led to a study
of administration through intravitreal injection [89].

6. Conclusion

Diabetic retinopathy is a major cause of blindness in devel-
oped countries and remains one of the most serious com-
plications of diabetes. Thus, recently, many researchers have
directed their efforts towards better understanding of the
pathogenesis of DR in order to develop new and more effec-
tive preventative and treatment strategies with the emphasis
being on pharmacologic therapy. However, at this time, pri-
mary prevention with intensive glycemic control, strict blood
pressure regulation, and lipid-modifying therapy as well
as local ocular treatment (laser photocoagulation and pars
plana vitrectomy) still remain the proved treatment options
addressing diabetic retinopathy. As prospective randomized
clinical trials accumulate data, the role and guidelines of
pharmacologic treatments will become clearer.The discovery
that inflammation plays a critical role in the pathogenesis of
DRopens upnewpathways andmethods for the development
of novel improved treatments and strategies for this devas-
tating disease. Neither the precise mechanism by which the
inflammatory cascade is initiated and involved in DR occur-
rence and development nor the individual roles of particular
inflammatory molecules in the different stages of DR are
currently fully understood. Some inflammatory molecules
have multiple functions and different actions on the various
pathways of inflammatory processes which open up the
challenge of finding an effective drug target. Alternatively,
drugs targeting several mechanisms simultaneously may be
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more efficient, and therefore more studies are necessary to
understand the endogenous anti-inflammation processes in
DR.
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4Department of Endocrinology and Internal Medicine, Medical University of Gdańsk, Poland
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The aim of this study was to evaluate the relationship between serum transforming growth factor 𝛽1 (TGF-𝛽1) concentrations and
the duration of type 1 diabetes mellitus (T1DM) in children and adolescents. One hundred and sixteen patients with T1DM and 19
healthy controls were examined. Serum TGF-𝛽1 concentrations were measured using the cytometric bead array (CBA). A positive
association between the time of diabetes duration and higher serumTGF-𝛽1 concentrations was observed. Similarly, the prevalence
of microvascular complications, such as retinopathy and nephropathy, increased with the duration of diabetes. Logistic regression
analysis showed that serumTGF-𝛽1 concentrations and the duration of the disease are independent risk factors of microangiopathy
development. Higher serum TGF-𝛽1 concentrations were associated with a significant risk of microangiopathy development after
10 years of T1DM duration. In the successive years of the disease, the effect was even stronger. The results of our study indicate
that serum TGF-𝛽1 concentrations are one of the factors that may have an impact on the progression of vascular complications in
children and adolescents with T1DM.

1. Introduction

Along with the increase in the prevalence of type 1 dia-
betes mellitus (T1DM) the number of patients with chronic
vascular complications will rise significantly [1–3]. One of
the most specific chronic diabetic complications is diabetic
microangiopathy [3–6]. Clinically, microangiopathy mani-
fests as retinopathy, nephropathy, and diabetic neuropathy—
somatic as well as autonomic [4–6]. Many trials have also
shown that the main determinants of the vessel damage
in the course of diabetes are hyperglycemia and diabetes
duration [7–9]. Diabetic microangiopathy means worsening

of the quality of life and causing disability in patients with
T1DM [10, 11]. It is particularly harmful when it concerns
the youngest population, which often becomes debilitated
already at the beginning of the adulthood [11]. Moreover,
vascular complications are also seen in children and ado-
lescents with T1DM who suffer for more than 5 years, and
the progression in this group is often more rapid than in
adults [3, 12, 13]. In the Oxford Regional Prospective Study
(ORPS), it has been shown that about 25% of children with
T1DM develop diabetic retinopathy within 5 years of the
disease duration, but already as many as 60% and 80% after
10 years and 15 years, respectively [13]. The results from
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our studies have also shown that after 5 years of diabetes
duration, albuminuria was detected in 29% and nonprolif-
erative retinopathy in 27% of children and adolescents with
T1DM [12, 14]. In the same study we have demonstrated that
apart from the duration of diabetes, main factors influenc-
ing the development and progression of chronic vascular
complications in children and adolescents with T1DM are
growth factors, including vascular endothelial growth factor
(VEGF) and angiogenin [12]. However, TGF-𝛽1 has not yet
been studied in this context. TGF-𝛽1 belongs to a group of
factors responsible for growth, differentiation and migration
of cells, creation and degradation of the extracellular matrix,
and apoptosis [15, 16]. In addition, it stimulates the formation
of blood vessels and participates in wound healing and
repair by increasing the production of extracellular matrix
proteins [17]. However, its adverse activity has been shown
in breast cancer, myocardial infarction, rheumatoid arthritis,
osteoporosis, diabetic nephropathy, and retinopathy [17–19].
This cytokine is present in five different isoforms, three of
which, that is, TGF-𝛽1, TGF-𝛽2, and TGF-𝛽3, are coded
by different genes. Out of these the best known is TGF-
𝛽1, produced by dendritic cells, leukocytes, and NK cells
[15]. Despite extensive research on biology, genetics, and
function of TGF-𝛽1, there are few reports on this cytokine
in children and adolescents with T1DM. Therefore, we have
assumed that it would be worth evaluating serum levels
of TGF-𝛽1 in different groups of children and adolescents,
depending on the duration of T1DM and the presence of
vascular complications. Thus, the aim of our study was to
evaluate the relationship between serum TGF-𝛽1 levels and
T1DM duration in children and adolescents with T1DMwith
and without vascular complications.

2. Subjects and Methods

2.1. Studied Subjects. One hundred and sixteen patients with
T1DM aged 13.3±3.9 years with diabetes duration of 9.7±3.6
years from theDepartment andClinic of Pediatrics, Diabetol-
ogy and Endocrinology, Medical University of Gdańsk, were
enrolled into the study. Diabetes was diagnosed according to
the PolishDiabetesAssociation guidelines, which correspond
with the guidelines of the American Diabetes Association
[20, 21].

The inclusion criteria for children and adolescents into
the group of patients with T1DM were age less then 21 years,
diabetes duration ≥2 years, normal arterial pressure (systolic
and diastolic), and no other chronic diseases. None of the dia-
betic patients were taking medications other than daily doses
of insulin (0.83±0.21 IUof insulin per day/kg of bodyweight).
Blood pressure was measured using a 24 h blood pressure
monitoring (ABPM) method. Various sizes of the cuff were
used according to age, weight, and arm circumference of
the studied subjects. All the ABPM reports which had less
than 80% of technically correct measurements were excluded
from the study. Arterial hypertension was diagnosed when
mean ABPM values were above the 95th centile for the
corresponding age, gender, and height [22]. Ophthalmologic
examination was also performed. This included visual acuity

tests, intraocular pressure and anterior segment estimation
using the slit lamp (Topcon SL-82, Japan). After local admin-
istration of tropicamide (1% solution), the eye fundus was
examined using the +90D lens (Ocular Instruments, USA).
A digital camera (Topcon Imaginet 2000, Japan) was used
for the fluorescein angiography. The stage of retinopathy was
diagnosed according to the guidelines of the International
Diabetic Retinopathy Division [23]. Twenty-four-hour urine
collection was performed three times during the period of 6
months for the evaluation of the daily albumin excretion.The
urinary albumin was measured with immunoturbidimetric
assay using a Tina-quant kit (Boehringer Mannheim GmbH,
Germany). Albuminuria was diagnosed when at least two out
of three urine samples displayed daily albumin excretion of
between 30 and 299mg/24 h, collected within 6months from
patients with well-controlled diabetes with no clinical or lab-
oratory signs of ketoacidosis. Glycated haemoglobin (HbA1c)
wasmeasuredwith an immunoturbidometricmethod using a
Unimate 3 set (Hoffmann-La Roche AG, Basel, Switzerland).
The normal range was 4.0–6.0%.

One hundred and sixteen patients with T1DM were
examined and divided into four groups based on the duration
of diabetes.The control group consisted of 19 healthy children
and adolescents (11 boys and 8 girls, age range 6–18 yrs).
Written informed consent was obtained from all the partic-
ipants in the study, or from their parents or guardians. This
study was approved by the Ethics Committee of The Medical
University of Gdańsk, and the investigationwas carried out in
accordance with the principles of the Declaration of Helsinki
as revised in 1996.

2.2. Serum TGF-𝛽1 Measurements. The serum concentra-
tions of TGF-𝛽1 were measured using the cytometric bead
array (CBA) as instructed by themanufacturer’smanual (Plex
Flex Single Set, Becton Dickinson, USA). The samples were
read in an LSR II flow cytometer using FACS Diva software
(Becton Dickinson, USA). Prior to reading, the cytometer
was calibrated using the calibration beads included in the
test pack (Cytometer Setup Beads). Based on the FSS/SS
images, the beads were gated and fluorescence was read.
The analysis was performed using an FCAP Array software
(Becton Dickinson, USA).

2.3. Statistical Analysis. The data were screened for obvi-
ous data entry errors, missing values, and outliers. Arith-
metical means and standard deviations or 95% CI were
used to describe continuous variables, whereas proportions
were used for categorical variables. A multivariate logistic
regression model was fitted to the data. During the model
building phase first-order interactions between the covariates
were assessed. Only the interaction between serum TGF-
𝛽1 concentrations and the duration of diabetes proved to
be statistically significant and was included into the final
model. We assessed the marginal effects to improve the
interpretation of the interaction of these two continuous
covariates. The level of statistical significance was set at 0.05.
All the statistical analyses were carried out using STATA 11.0
(StataCorp, Texas, USA) statistical package.
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Table 1: Clinical and laboratory characteristics of patients.

Parameter Value Range
Age (y) 13.3 ± 3.9 4–20
Duration of T1DM (y) 9.7 ± 3.6 3–19
Mean arterial blood pressure (mmHg) 86.0 ± 8.0 65–105
Serum HbA1c (%) 8.5 ± 1.9 5.8–14.3
Albumin excretion rate (mg/24 h) 24 ± 19 0.20–120
Data are given as a number of subjects (%) or mean ± SD.

3. Results

3.1. Clinical Characteristics of Subjects with T1DM. A total
of 116 children and adolescents with T1DM were examined.
PatientswithT1DMwere 13.3±3.9 years oldwith the duration
of diabetes of 9.7 ± 3.6 years, mean arterial blood pressure
of 86.0 ± 8.0mmHg, serum levels of HbA1c 8.5 ± 1.9%, and
albumin excretion rate of 24 ± 19mg/24 h. The clinical and
biochemical characteristics of patients with T1DM are shown
in Table 1.

3.2. Serum Levels of TGF-𝛽1 in T1DM Patients and Healthy
Controls. The patients with T1DM and the presence of
microangiopathy (MA+) displayed statistically significant
higher serum levels of TGF-𝛽1 (𝑃 < 0.001) as compared to the
patients with T1DM but without microangiopathy (MA−).
However, the patients with T1DMbut withoutmicroangiopa-
thy had significantly higher serum TGF-𝛽1 concentrations
compared to the control subjects (𝑃 < 0.001) (Figure 1).

In the patients with T1DM the relative frequency of
microangiopathywas 38.8% (45 cases, 95%CI: 29.8%–47.8%).

In order to study the association between the duration
of T1DM and the relevant variables we divided the former
into four consecutive intervals. These intervals and data
related to the frequency of microangiopathy are shown in
Table 2. We found 11 cases of isolated nephropathy, 8 cases
of isolated retinopathy, and 26 cases where both nephro- and
retinopathy were present.

We noted a significant relationship between the dura-
tion of T1DM and the concentrations of the TGF-𝛽1, but
the HbA1c levels did not differ significantly between the
subgroups of diabetes duration (Table 3, Figures 2(a) and
2(b)).

3.3. The Multivariate Logistic Regression Model. An initial
multivariate logistic regression model was fitted to the data
with all the relevant risk factors except for TGF-𝛽1. The log-
likelihood value for this model was recorded. Then, serum
TGF-𝛽1 concentrations were added to the model. First-order
interactions between serum TGF-𝛽1 levels and the other
predictors were assessed.Only the interaction between serum
TGF-𝛽1 concentrations and the duration of diabetes proved
to be statistically significant and was included into the final
model (Table 4). The final model showed to fit the data
significantly better compared to the initial model (𝜒2(2) =
11.5, 𝑃 = 0.003).
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Figure 1: Serum concentrations of TGF-𝛽1 in T1DM patients and
healthy controls.

Table 2: The number of patients with T1DM and microangiopathy
depending on the disease duration.

DM duration Microangiopathy Total
Absent Present N R N + R

3–6 years 26 2 1 1 0 28
7–10 years 31 9 6 2 1 40
11–14 years 12 17 3 1 13 29
15–19 years 2 17 1 4 12 19
Total 71 45 11 8 26 116
Abbreviations: N: isolated nephropathy, R: isolated retinopathy, N + R:
combined nephro- and retinopathy.

Table 3: Means and standard deviations of HbA1c and TGF-𝛽1 over
four consecutive DM duration intervals.

DM duration HbA1c (%) TGF-𝛽1 (pg/mL)
3–6 years 8.5 ± 2.4 718 ± 425
7–10 years 8.0 ± 1.8 841 ± 451
11–14 years 8.6 ± 1.4 1069 ± 566
15–19 years 9.2 ± 1.8 1362 ± 607

In order to estimate how TGF-𝛽1 influenced the occur-
rence of microangiopathy, given the significant interaction
with the duration of DM, we analyzed the marginal effect.
We noted that the increase of TGF-𝛽1 was associated with
a significant increase of the probability of microangiopathy
but after the first 10 years of DM. In the following years of
T1DM duration this effect tended to be stronger (Figure 3).
For example, in the 15th year of DM, a 1 SD increase in TGF-
𝛽1 concentration was associated with a .25 (i.e., 25%) increase
in the probability of microangiopathy when remaining pre-
dictors were held constant.
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Figure 2: Association between duration of T1DM, TGF-𝛽1, and mean HbA1c Whiskers indicates 95% CIs.

Table 4: The final logistic regression model for microangiopathy.

Predictor 𝛽 −95% CI +95% CI P
Female 2.81 0.83 4.78 0.005
MAP 1.65 0.03 0.30 0.015
Age −0.10 −0.34 0.13 0.396
HbA1C 0.30 −0.16 0.77 0.199
TGF-𝛽1 −3.83 −7.44 −0.23 0.037
DOD 0.75 0.35 1.14 0.000
TGF-𝛽1 × DOD 0.49 0.10 0.88 0.013
Intercept −10.9 −16.0 −5.7 0.000
Abbreviations: 𝛽: unstandardized regression coefficient, MAP: mean arterial
pressure, DOD: duration of T1DM, TGF-𝛽1 × DOD: interaction between
TGF-𝛽1 and DOD.

4. Discussion

Previous studies have shown that the development of vascular
changes in the eyes and kidneys of patients with T1DM
result frommany interrelated factors. Apart fromwell-known
biochemical and hemodynamic factors, particular attention
has been drawn in T1DM patients to the involvement of
inflammatory factors through the production of cytokines,
chemokines, and growth factors [4, 7, 24–27]. Despite the
engagement of many research centers, the mechanisms
leading to the development of diabetic microangiopathy in
children and adolescents with T1DM still have not been fully
elucidated.That is why further research is needed to solve the
pending problem of chronic vascular complications in T1DM
patients.

In the present study we have tried to evaluate the
relationship between serum TGF-𝛽1 levels and the duration
of T1DM in children and adolescents. We have found signif-
icantly higher serum TGF-𝛽1 concentrations in children and
adolescents with T1DM and microangiopathy as compared
with patients with T1DM but no signs and symptoms of dia-
betic microangiopathy. However, we have found significantly
higher serum TGF-𝛽1 in a group of patients with T1DM
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Figure 3: The effect of TGF-𝛽1 on probability of microangiopathy
depending on the duration of T1DM. The dashed lines indicate the
95% confidence interval for the effect.

but without microangiopathy as compared with the healthy
control subjects. Already at this stage of the study it was found
that there is an increase of serum TGF-𝛽1 concentrations
depending on the severity of microvascular complications
in children and adolescents with T1DM. In addition, we
detected that the longer the duration of diabetes, the higher
the concentration of TGF-𝛽1 in children and adolescents with
T1DM. Similarly, the incidence of vascular complications
was increasing over time.Themultivariate logistic regression
model and the assessment of the marginal effect allowed
to establish a relationship between various factors and the
probability of microangiopathy. The interaction between
serum TGF-𝛽1 concentrations and the duration of diabetes
proved to be statistically significant and was included into
the final model. We have shown that the increase of TGF-
𝛽1 concentrations was an independent factor aggravating
the likelihood of microvascular complications in our study
group of children and adolescents with T1DM. This effect
was statistically significant in the patients with diabetes of
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at least 10 years duration. In the successive years of the
disease, a further and even stronger effect of TGF-𝛽1 on the
development and progression of diabetic microangiopathy
was observed. For example, in the fifteenth year of diabetes
duration, an increase in the serum TGF-𝛽1 concentrations by
1 SD was associated with a 25% increase in the probability of
microangiopathy when the remaining predictors were held
constant.What ismore, in our recent studywe established the
limit for TGF-𝛽1 concentrations on the presence of diabetic
retinopathy in children and adolescents with T1DM [28].
We suggest that in patients with T1DM, TGF-𝛽1 levels may
correlate with the degree of eye and kidney damage. Similar
results were obtained in the patients with T1DM of over 10-
year duration [29]. A statistical correlation between diabetes
duration and the severity ofmorphological changes in kidney
biopsy has been shown. Other researchers have shown higher
intravitreal TGF-𝛽1 concentrations in adult T1DM patients
with PDR, which in turn may be associated with retinal
angiogenesis and tissue fibrosis at the vitreoretinal interface
[30]. In summary, the results of our study indicate that serum
TGF-𝛽1 levels are one of the factors that may have an impact
on the progression of vascular complications in children and
adolescents with T1DM.
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Objectives. The complement system is a key component of innate immunity and has been implicated in the pathogenesis of
diabetic retinopathy (DR). This study aimed at investigating whether polymorphisms of two genes in the complement pathway,
complement factor H (CFH) and complement factor B (CFB), are associated with DR.Methods. 552 well-defined subjects with type
2 diabetes, consisting of 277 DR patients and 275 diabetic controls, were recruited. Four Tag-SNPs rs1048709, rs537160, rs4151657,
and rs2072633 inCFB and rs800292 (I62V) inCFHwere examinedusingTaqManGenotypingAssays.Results.Therewere significant
increases in the frequencies ofA allele andAAgenotype for rs1048709 inDRpatients comparedwith diabetic controls (𝑃corr = 0.035,
OR = 1.42; 𝑃corr = 0.02, OR = 2.27, resp.): meanwhile, significant decreases in the frequencies of A allele and AA genotype for
rs800292 were observed in DR patients compared with diabetic controls (𝑃corr = 0.04, OR = 0.72; 𝑃corr = 0.015, OR = 0.51, resp.).
Joint effect of these two loci was also identified. Moreover, rs800292/AA genotype was found to be related with delayed progression
to DR. Conclusions. CFH-rs800292 and CFB-rs1048709 are associated with the presence of DR, which strengthens the concept that
complement system plays an important role in the pathogenesis of DR.

1. Introduction

The prevalence of diabetes has been reaching epidemic pro-
portions at an alarming rate currently. Diabetic retinopathy
(DR) is the most common microvascular complication of
diabetes and is a leading cause of blindness worldwide, char-
acterized by increased vascular permeability, tissue ischemia,
and neovascularization [1, 2]. To date, many environmental
and clinical factors have been proposed to affect the develop-
ment of DR, such as alteration of glucose metabolism, poor
glycemic control, and prolonged duration of diabetes [3, 4].
In addition, an important conceptual consideration is that
DR can manifest in individuals with genetic predisposition
through the existence of familial aggregation of severe DR
among the siblings and family member of diabetic patients
[5–7]. The pathogenesis of DR is complex and has multifac-
torial causes. Several molecules and metabolic pathways like
oxidative stress, upregulation of growth factors, activation
of protein kinase C (PKC) pathway, and so forth have been

implicated in the pathogenesis of DR [8–10]. Recent research
insights describing DR as a retinal disease associated with
inflammation have drawn special attention and garnered
great research interests, and the evidence comes from the
observation of typical features such as tissue edema, increased
leukostasis, upregulation of inflammatory mediators, and
complement activation [11–13]. In view of such inferences,
many inflammatory molecules are being investigated as a
target for a possible remedy in DR.

The complement system is a key component of innate
immunity, which can be divided into the classic, lectin, and
alternative pathways and is involved in modulating various
immune and inflammatory responses [14, 15]. Under normal
conditions, the complement system is continuously active at
a low level and is tightly regulated by complement regulators.
Disruption in the balance of complement activation and
regulation will result in harmful effects and can contribute
to various inflammatory diseases, such as age-related mac-
ular degeneration (AMD), systemic lupus erythematosus
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(SLE), rheumatoid arthritis (RA), and Alzheimer’s disease
[16–20]. Increasing evidence from in vitro and in vivo studies
suggests a pathogenetic role of the complement system in
the development of diabetic angiopathy. In these studies,
increased expression of several complement factors, namely,
complement factor H (CFH), complement factor B (CFB),
component 3 (C3), and component 5 (C5), has been observed
in the vitreous of DR patients [21–23]. In addition, genetic
variants in the CFH and CFB genes have been also shown
to be associated with a range of inflammatory diseases [24–
27]. Among the various polymorphisms in the CFH gene,
I62V (rs800292) was actively investigated and showed strong
association with AMD, a disorder shares many pathophys-
iological features in common with DR, and both appear
to involve the inflammation and complement activation.
Moreover, functional analyses revealed that rs800292 was
associated with levels of complement proteins in serum,
and this functional variant was also found to affect the
protein-binding affinity with C3b and subsequently reduced
the activation of complement alternative pathway. CFB, an
opponent of CFH, involved in the alternative pathway with
the same binding site of C3b, also contributes to regulate the
activation of complement cascade, and the genetic impact of
CFB on DR is of interest [28].

Therefore, the purpose of the present study was to test
a possible association of CFH variant, rs800292 (I62V), and
four common variants of CFB gene by tag SNP selection with
susceptibility to DR. Moreover, since the clinical features and
causes of DR are variable, we also evaluated the genotype-
phenotype correlations to identify factors associated with
prognosis and risk stratification.

2. Methods

2.1. Study Design and Subjects. The study involved 552 unre-
lated individuals with type 2 diabetes mellitus (DM) with
a defined ophthalmologic status, who were recruited from
the First Affiliated Hospital of Harbin Medical University,
Harbin, China. Diagnosis of type 2 diabetes was based on
World Health Organization criteria [29]. The study was
approved by the Bioethics Committee of the Harbin Medical
University. All the procedures were conducted according to
the tenets of the Declaration of Helsinki. Informed consent
was obtained from all study subjects after explanation of the
nature of the study.

Ocular examination was performed by independent
ophthalmologist using fundus ophthalmoscopy after pupil
dilatation. The stage of DR was determined according to
the Early Treatment Diabetic Retinopathy Study (ETDRS)
criteria [30]. Of this group, 277 patients with type 2 diabetes
were diagnosed with DR: 171 (61.7%) with nonproliferative
DR (NPDR) and 106 (38.3%) with proliferative DR (PDR).
The control group consisted of 275 subjects without DR but
with type 2 diabetes duration of more than 10 years. All sub-
jects underwent a detailed ophthalmologic examination and
clinical information collection, including corrected visual
acuity, fundoscopic examination, age, gender, duration of
diabetes andDR, bodymass index (BMI),HbA1c level, smok-
ing status, presence of hypertension and hyperlipidemia, and

treatment details. People with any of the following situations
were excluded from the study: peripheral vascular diseases,
acute infection, systemic inflammation diseases, or any other
ocular disorders such as AMD, glaucoma, or branch retinal
venous occlusion. Overt diabetic nephropathy patients were
excluded, the exclusion criteria were as follows: microalbu-
min creatinine ratio >30mg/g and urinary microalbumin
level >300mg/d [31].

2.2. DNA Extraction and Genotyping. Genomic DNA was
extracted from peripheral blood with the QIAamp Blood
kit (Qiagen, Hilden, Germany) according to the supplier’s
instructions. One CFH variant, rs800292 (I62V), and four
tagging-SNPs (rs1048709, rs537160, rs4151657 and rs2072633)
captured 100% of alleles in the CFB locus with MAF larger
than 0.1, and a mean 𝑟2 of 1.0 were selected. All the SNPs
were genotyped byTaqManSNPGenotypingAssays (Applied
Biosystems Inc., Foster City, CA, USA) in the Light Cycler
480 Genotyping Master (Roche Diagnostics Inc., Mannhein,
Germany) according to manufacturers’ protocols. The PCR
amplifications were performed with the thermal cycling
conditions of 94∘C for 10min, followed by 40 cycles of 94∘C
for 15 s, and 60∘C for 1.5min. The genotypes were read by
Prism 7000 SDS software (version 1.1; ABI).

2.3. Statistical Analysis. Hardy-Weinberg equilibrium
(HWE) for genotype frequencies of the SNPs was tested
by 𝜒2 test. Allelic and genotypic frequencies between
DR and DM were compared by 𝜒2 test or Fisher exact
test. Dominant and recessive models were also applied to
investigate the disease association with regard to the minor
allele (rs800292[A], rs1048709[A], rs537160[A], rs4151657[C]
and, rs2072633[G]). Stratified analysis based on DR severity
(NPDR and PDR) was also performed. Logistic regression
analysis was applied to adjust the association of these SNPs
with age and gender. The Student 𝑡 test and 𝜒2 test were
used to compare continuous clinical data and categorical
variables, respectively. Pairwise linkage disequilibrium (LD,
𝐷) between polymorphisms and EM-based haplotype
association analysis was performed by Haploview (ver. 4.2).
Odds ratios (OR) and 95% confidence intervals (CI) were
also calculated. 𝑃 < 0.05 was considered as statistically
significant. P values were corrected by Bonferroni test for
multiple comparisons (𝑛 = total number of SNPs). The
correction for multiple testing in the haplotype analysis was
performed by permutation testing.

3. Results

3.1. Study Group Comparison. The demographic and clinical
characterization of the study subjects is presented in Table 1.
DM control group had a longer duration of type 2 diabetes
compared to DR group (𝑃 < 0.001). Additionally, DR
group had a higher proportion of hyperlipidemia and higher
prevalence of insulin therapy than the DM controls (𝑃 < 0.01
and 𝑃 < 0.001, resp.). There was no significant difference in
age, gender, HbA1c level, BMI, proportion of hypertension,
smoking status, and family history of diabetes.
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Table 1: Demographic and clinical characteristics of the study subjects.

Characteristic DR (𝑛 = 277) DM (𝑛 = 275) 𝑃 value
Age (years) 55.5 ± 14.0 56.3 ± 7.6 0.44
Gender (F/M) 144/133 153/122 0.39
Duration of diabetes (years) 13.6 ± 7.1 18.1 ± 6.7 <0.001
Duration of DR (years) 5.0 ± 4.2 none
Gaps between diabetes and DR onset (years) 8.3 ± 6.7 none
HbA1C (%) 8.2 ± 1.7 7.9 ± 1.9 0.09
BMI (kg/m2) 23.7 ± 4.6 24.1 ± 4.4 0.46
Hypertension (%) 71.8 66.9 0.21
Hyperlipidemia (%) 32.1 23.3 <0.01
Smoking (%) 13.4 16.0 0.38
Insulin therapy (%) 45.1 26.2 <0.001
Family history of diabetes (%) 25.6 21.5 0.25
All 𝑃 values were compared by 𝜒2 or student 𝑡-test, 𝑃 < 0.05 as statistically significant.
DR: diabetic retinopathy; DM: diabetes mellitus; HbA1c: glycosylated hemoglobin; BMI: body mass index.

3.2. Association Analysis. All genotype frequencies of the five
selected SNPs followed the Hardy-Weinberg equilibrium in
all subjects. Regarding CFH rs800292, there was a significant
decrease in the frequencies of A allele and AA homozygosity
in DR patients compared with DM controls (𝑃corr = 0.04, OR
= 0.72, 95% CI = 0.57–0.92; 𝑃corr = 0.015, OR = 0.51, 95% CI
= 0.33–0.80 resp.), indicating a protective effect. Meanwhile,
significant association was also detected at CFB rs1048709,
where there was a significant increase in the frequencies of
A allele and AA homozygosity in DR patients compared
with DM controls (𝑃corr = 0.035, OR = 1.42, 95% CI =
1.10–1.83; 𝑃corr = 0.02, OR = 2.27, 95% CI = 1.28–4.04
resp.). No significant differences in the genotypic or allelic
frequencies were observed for other three SNPs between
DR and DM after multiple testing correction (Table 2). In
addition, logistic regression analysis was used to assess the
role of gene polymorphisms in DR after adjustment for age,
gender, duration of diabetes, hyperlipidemia, and insulin
therapy, the results showed that the association did not alter
betweenDR and all the 5 SNPs after adjusting for these factors
(data not shown).

3.3. Linkage Disequilibrium andHaplotype Association Analy-
sis. Pairwise LD analysis was performed across theCFB locus
by using these 4 SNPs, and one haplotype block was detected
including 3 SNPs in CFB (rs537160, rs4151657, and rs2072633;
Figure 1). A protective haplotype, GTG, defined by these 3
SNPs was identified, and conferred a 1.45-fold significantly
decreased risk ofDR, but the statistical significancewould not
remain after correction for (𝑃 = 0.028, permutation𝑃 = 0.11;
Table 3).

3.4. Genotype-Phenotype Correlation Analysis. Among the
277DRpatients, 171 (61.7%)wereNPDRand 106 (38.3%)were
PDR. Further stratification comparison was also performed
on the clinical severity in terms of DR scale. Between NPDR
and PDR groups, no significant differences were detected in
the allelic and genotypic frequencies of all 5 SNPs (data not
shown). Given the significance of CFH rs800292 and CFB

CFB: complement factor B preproprotein
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Figure 1: Pairwise LD among three SNPs in CFB gene. Linkage
disequilibrium was measured by the 𝐷 statistic using the data
from all subjects. A 𝐷 value of 100 indicates a complete LD
between 2 markers, and a𝐷 value of 0 indicates a complete linkage
equilibrium. Haplotype version 4.2 software was used.

rs1048709, in this study, as well as the observation of recessive
effect, correlations of their genotype group (homozygous
minor allele versusmajor allele carriers) with clinical features
were evaluated. The results demonstrated that DR patients
carrying protective rs800292/AA genotype would present a
longer gap (years) between diabetes and DR onset compared
with that in patients carrying AG + GG (11.9 ± 5.2 versus
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Table 2: Genotype and allele frequencies of CFH and CFB polymorphisms in DR patients and DM controls.

SNP ID Designation Allele distribution (%) 𝑃 value Odds ratio Genotype distribution (%) 𝑃 value Odds ratio
DR (𝑛 = 554) DM (𝑛 = 550) (𝑃corr) (95% CI) DR (𝑛 = 277) DM (𝑛 = 275) (𝑃corr) (95% CI)

CFH

rs800292 G > A A 208 (37.5) 250 (45.5) 0.008 (0.04) 0.72
(0.57–0.92) AA 38 (13.7) 65 (23.6) 0.15∗ 0.77

(0.55–1.10)

Exon2 (I62V) G 346 (62.5) 300 (54.4) AG 132 (47.7) 120 (43.6) 0.003† (0.015) 0.51
(0.33–0.80)

GG 107 (38.6) 90 (32.7)
CFB

rs1048709 G > A A 197 (35.6) 154 (28.0) 0.007 (0.035) 1.42
(1.10–1.83) AA 40 (14.4) 19 (6.9) 0.07∗ 1.36

(0.97–1.90)

Exon3 (R150R) G 357 (64.4) 396 (72.0) AG 117 (42.2) 116 (42.2) 0.004† (0.02) 2.27
(1.28–4.04)

GG 120 (43.3) 140 (50.9)

rs537160 G > A A 268 (48.4) 266 (48.4) 1.0 1.0
(0.79–1.27) AA 62 (22.4) 60 (21.8) 0.88∗ 0.97

(0.66–1.43)

IVS7 G 286 (51.6) 284 (51.6) AG 144 (52.0) 146 (53.1) 0.87† 1.03
(0.69–1.55)

GG 71 (25.6) 69 (25.1)

rs4151657 T > C C 149 (26.9) 138 (25.1) 0.49 1.10
(0.84–1.44) CC 21 (7.6) 14 (5.1) 0.79∗ 1.05

(0.75–1.46)

IVS10 T 405 (73.1) 412 (74.9) CT 107 (38.6) 110 (40.0) 0.23† 1.53
(0.76–3.07)

TT 149 (53.8) 151 (54.9)

rs2072633 A > G G 330 (59.6) 311 (56.5) 0.31 1.13
(0.89–1.44) GG 93 (33.6) 86 (31.3) 0.23∗ 1.32

(0.84–2.07)

IVS17 A 224 (40.4) 239 (43.5) AG 144 (52.0) 139 (50.5) 0.56† 1.11
(0.78–1.59)

AA 40 (14.4) 50 (18.2)
Data analysis was performed by 𝜒2 test.
∗
𝑃 value for dominant model.
†
𝑃 value for recessive model.

Table 3: Haplotype analysis of CFB Polymorphisms between DR and DM.

Haplotype Frequency Frequency
𝑃 𝑃corr Odds ratio 95% CI

DR DM
ATA 0.482 0.482 0.482 0.99 NS —
GCG 0.260 0.269 0.251 0.49 NS —
GTG 0.157 0.133 0.182 0.028 NS 0.69 (0.50–0.96)
GTA 0.099 0.114 0.084 0.095 NS —
𝑃corr association analysis results from permutation test (iterations, 10,000).

8.0 ± 4.4, 𝑃 < 0.001; Figure 2), and such difference was
not observed for CFB rs1048709 (9.6 ± 5.6 versus 8.3 ± 4.5,
𝑃 = 0.11). No significant difference was detected in other
clinical features between different genotype groups (data not
shown).

3.5. Joint-Effect Analysis. Considering the biological rele-
vance of CFH and CFB, combined effects of rs800292 and
rs1048709 were assessed, and the corresponding ORs of DR
for each possible combination of the genotypes of the two
loci were estimated (Tables 4(a) and 4(b)). The ORs were

compared with the baseline genotype of the two genes. The
frequency of the homozygous risk genotypes at both loci was
3.3-fold higher in DR (6.1%) than in DM controls (1.8%) (𝑃 =
0.002; Table 4(a)). A joint OR of 5.67 in individuals with both
homozygous risk alleles was observed (Figure 3).

4. Discussion

In this study, we investigated the association of complement
genes in type 2 diabetes patients with DR. Our results
demonstrated that CFH rs800292 (I62V) and CFB rs1048709
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Table 4: Interaction snalysis between CFH-rs800292 and CFB-rs1048709.

(a)

Genotype distribution CFH rs800292

CFB rs1048709 DM (𝑛 = 275) DR (𝑛 = 277)
AA AG GG AA AG GG

GG 35 (12.7) 53 (19.3) 52 (18.9) 21 (7.6) 57 (20.6) 42 (15.2)
AG 27 (9.8) 56 (20.4) 33 (12.0) 13 (4.7) 56 (20.2) 48 (17.3)
AA 3 (1.1) 11 (4.0) 5 (1.8) 4 (1.4) 19 (6.9) 17 (6.1)

(b)

Joint odds ratios and 95% confidence CFH rs800292
CFB rs1048709 AA AG GG
GG 1.00 (Ref) 1.79 (0.93–3.46) 1.35 (0.68–2.65)
AG 0.80 (0.34–1.89) 1.67 (0.87–3.21) 2.42 (1.20–4.88)
AA 2.22 (0.45–10.92) 2.88 (1.65–7.22) 5.67 (1.82–17.62)
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Figure 2: Comparison of gaps between diabetes and DR onset
(years) in two genotype groups for CFH rs800292 in DR patients
(𝑃 < 0.001).

(R150R) were significantly associated with the susceptibility
of developing DR. Moreover, since significant differences
have been observed between DM and DR group (dura-
tion of diabetes, level of hyperlipidemia, and percentage of
insulin therapy), multivariate logistic regression analysis was
performed to assess the genetic role of DR by considering
these factors, which showed that I62V and R150R remain
significant when adjusted for all these factors, implying
that CFH and CFB polymorphisms are independent genetic
factors for susceptibility to DR. Over recent years, great
advances have been made in understanding the genetic
background of the disease; more than 30 candidate genes
involved in different metabolic mechanisms and functional
pathways have been reported, while, few of them were found
to have a strong association [32, 33]. Our findings provide
additional and convinced evidence for the involvement of
complement system in relation to DR. To our knowledge, the
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Figure 3: Two loci of CFH and CFB genotype-specific DR risk.

genetic associations of variants inCFH andCFBwithDRhave
not been described previously.

Activated complement is a “double-edged sword” which
might cause self-tissue damage especially for sensitive organs
like the eyes. The CFH gene is located in chromosome 1
(1q32), which is a major soluble inhibitor of the alternative
pathway for controlling complement activation [34]. CFH
rs800292 has been found to be associated with many inflam-
matory and neovascular diseases, and the change of rs800292
G >A nucleotide results in the synthesis of Isoleucine instead
of Valine. This might leads to structural changes affecting
the ability of C3b binding and reducing the activation of
the alternative pathway. This subsequently causes excessive
activation of the complement system to induce inflammatory
disorders [28]. CFB gene is located tandemly in the major
histocompatibility complex (MHC) class III region, a cluster
on chromosome 6p21 with respect to inflammation [35]. As
mentioned above, CFB is a competitor of CFH, both involved
in the complement alternative pathway. Conceivably, much
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like impaired CFH-mediated complement inhibition confers
DR risk, decreased complement activation by CFBmight also
serve to affect DR. Not surprisingly, a joint effect of CFH and
CFB risk homozygosity with an OR of 5.67 was identified in
this study. In addition, CFB polymorphisms were also found
to be associated with other inflammatory diseases, such
as AMD, lupus, and atypical Hemolytic-uremic syndrome
(aHUS) [26, 27, 36]. Furthermore, in vivo study has revealed
that human RPE cells can synthesize and express CFB and
CFH, and the level of CFB was increased in the vitreous of
PDR patients [37, 38]. These findings further strengthen the
concept that complement system, especially the alternative
pathway, plays an important role in the pathogenesis of
DR. Unfortunately, the exactly pathogenic significance of
the association of CFH and CFB polymorphisms with DR
remains unclear; in this study, these variants in CFB repre-
sent either synonymous substitutions (rs1048709 R150R) or
intronic SNPs, and there is no information on its biological
functions currently. One possible explanation is that these
polymorphisms may be linked with an undiscovered but
biologically relevant structural variant in this region; alterna-
tively, synonymous or intronic regulation could be involved
in gene transcription or tissue specificity of gene expression.
Further investigations of this region by extensive sequencing
to uncover unknown variation are therefore requested.

In the genotype-phenotype analysis, our findings demon-
strated a significant relationship between CFH rs800292 and
duration (in years) between DM and DR onset the protective
AA genotype showed association with delayed progression of
DR; however, it needs further corroboration by considering
factors such as duration of diabetes and glycemic control.
Nevertheless, the results not only extend the genetic spectrum
of DR, but also provide novel understanding for the genetic
impact on disease prognosis. Stratification analysis by DR
scale showed that there were no significant differences in the
allelic and genotypic frequencies for all 5 SNPs between PDR
and NPDR groups, implying that genetic variations of CFH
and CFBmight not be associated with DR severity.

The strength of our study is that all patients and controls
are of the same ethnic origin. All subjects were examined in
a predetermined standardized order, with strict diagnostic
criteria. Moreover, to our best knowledge, this is the first
genetic study to investigate the associations of complement
factor genes in DR patients. However, there are certain
limitations of this study which includes the relatively small
sample size, thus, nonsignificant SNPs in the CFBmight lack
adequate power. Secondly, it is a retrospective case-control
study that thus lacked the details of follow-up information.
Finally, the SNPs selected in our study might not fully reflect
the disease risk of unexamined variants in the genes. Further
evaluation of these genes by direct sequencing to uncover
more variants will be beneficial to identify variants with
relevant function in DR.

In summary, this study first revealed that CFH and CFB
polymorphisms are associated with the development of DR,
as well as with delayed progression to DR in type 2 diabetes.
A joint effect between CFH rs800292 and CFB rs1048709
conferring a significantly increased risk for DR was also
identified. Further studies to replicate these candidate SNPs

in others ethnic groups and determine the biological roles of
these polymorphisms in DR are worthwhile.
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To test the hypothesis that brain-derived neurotrophic factor-(BDNF-) mediated neuroprotection is reduced by high-mobility
group box-1 (HMGB1) in diabetic retina, paired vitreous and serum samples from 46 proliferative diabetic retinopathy and 34
nondiabetic patients were assayed for BDNF, HMGB1, soluble receptor for advanced glycation end products (sRAGE), soluble
intercellular adhesionmolecule-1 (sICAM-1),monocyte chemoattractant protein-1 (MCP-1), and TBARS.We also examined retinas
of diabetic and HMGB1 intravitreally injected rats. The effect of the HMGB1 inhibitor glycyrrhizin on diabetes-induced changes in
retinal BDNF expressions was studied. Western blot, ELISA, and TBARS assays were used. BDNF was not detected in vitreous
samples. BDNF levels were significantly lower in serum samples from diabetic patients compared with nondiabetics, whereas
HMGB1, sRAGE, sICAM-1, and TBARS levels were significantly higher in diabetic serum samples. MCP-1 levels did not differ
significantly. There was significant inverse correlation between serum levels of BDNF and HMGB1. Diabetes and intravitreal
administration of HMGB1 induced significant upregulation of the expression of HMGB1, TBARS, and cleaved caspase-3, whereas
the expression of BDNF and synaptophysin was significantly downregulated in rat retinas. Glycyrrhizin significantly attenuated
diabetes-induced downregulation of BDNF. Our results suggest that HMGB1-induced downregulation of BDNFmight be involved
in pathogenesis of diabetic retinal neurodegeneration.

1. Introduction

Diabetic retinopathy, a vision-threatening disease, is classi-
cally regarded as microvasculopathy. However, recent evi-
dence suggests that diabetic retinopathy is a progressive
neurodegenerative disease in which visual dysfunction is
initiated early after the onset of diabetes and progresses
independently of the vascular lesions [1–4]. However, the
molecularmechanisms underlying the diabetes-induced reti-
nal neurodegeneration and dysfunction are still not well
understood. Recent studies revealed that diabetic retinal neu-
rodegeneration is associated with oxidative stress resulting
from excess generation of reactive oxygen species as well as
inflammation [3, 5].

Brain-derived neurotrophic factor (BDNF), a protein
belonging to the neurotrophin family, is expressed in retinal

ganglion cells and Müller cells [6] and is important for the
survival of retinal ganglion cells [7]. BDNF is important
in neural development and cell survival and is essential
to molecular mechanisms of synaptic activity [8]. Recent
studies suggested that the early retinal neuropathy of dia-
betes involves the reduced expression of BDNF and can be
ameliorated by an exogenous supply of this neurotrophin
[1, 3]. It was also demonstrated that the reduction of BDNF in
the diabetic retina was attenuated by the antioxidant lutein,
indicating that this change was partly caused by excessive
oxidative stress [3].

High-mobility group box-1 (HMGB1) is a nonhistone
DNA-binding nuclear protein that is highly conserved during
evolution. It stabilizes nucleosome formation and facili-
tates gene transcription. Necrotic cell death can result in
passive leakage of HMGB1 from the cell as the protein
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is then no longer bound to DNA. In addition, HMGB1
can be actively secreted by different cell types, including
activated monocytes and macrophages, mature dendritic
cells, natural killer cells, and endothelial cells. Extracellu-
lar HMGB1 functions as a proinflammatory cytokine [9–
12]. Released HMGB1 signals through the receptor for
advanced glycation end products (RAGE), a member of
the immunoglobulin superfamily of receptors, leading to
activation of the transcription factor nuclear factor kappa
B (NF-𝜅B), which may alter gene transcription and lead to
the upregulation of proinflammatory cytokines, chemokines,
and adhesion molecules and intensifies cellular oxidative
stress [9–13], processes that may play a role in the patho-
genesis of diabetic retinal neurodegeneration and dysfunc-
tion. Therefore, recently, RAGE has been implicated in the
pathogenesis of various diabetic complications, via oxida-
tive stress [13, 14]. The causal relationship between per-
sistent neuroinflammation and neurodegenerative process
is becoming increasingly recognized [15]. Strong evidence
indicates that chronic, low-grade inflammation is implicated
in the pathogenesis of diabetic retinopathy [16, 17]. It was
also demonstrated that HMGB1 provides the link between
chronic neuroinflammation and progressive neurodegen-
eration in neurodegenerative diseases, such as Parkinson’s
disease [15]. In addition, it was reported that extracellularly
released HMGB1 protein mediates postischemic damage of
the brain and retina and that inhibiting or knockdown of
HMGB1 attenuated postischemic neurodegeneration [18–
21].

In previous studies, we demonstrated that HMGB1 was
upregulated in the vitreous fluid and epiretinal membranes
from patients with proliferative diabetic retinopathy (PDR)
as well as in the retinas of diabetic mice. In addition, we
demonstrated significant positive correlations between levels
of HMGB1 and levels of inflammatory biomarkers such as
monocyte chemoattractant protein-1 (MCP-1) and soluble
intercellular adhesion molecule-1 (sICAM-1) in vitreous
fluid from patients with PDR [22–24]. Glycyrrhizin (GA),
an ingredient of the licorice roots, has long been known
to exhibit glucocorticoid-like anti-inflammatory actions by
inhibiting 11𝛽-hydroxysteroid dehydrogenase. More recently,
GA has also been shown to bind to and inhibit cytokine-like
activities of HMGB1 [25].

In this study, we explored the hypothesis that BDNF-
mediated neuroprotection is reduced by HMGB1 in the
diabetic retina. To test this hypothesis, wemeasured the levels
of BDNF, HMGB1, soluble RAGE (sRAGE), biomarkers of
inflammation and endothelial dysfunction including MCP-1,
and sICAM-1 and the oxidative stress and lipid peroxidation
marker thiobarbituric acid reactive substances (TBARS) in
the vitreous fluid and serum from a series of patients with
PDR. In addition, we investigated the expression of BDNF,
HMGB1, the synaptic vesicles protein synaptophysin, TBARS,
and the apoptosis executer enzyme cleaved caspase-3 in
the retinas of diabetic rats. We also examined the effect
of intravitreal administration of HMGB1 on the retinas of
normal rats and whether constant GA intake suppresses
diabetes-induced changes in BDNF expression.

2. Materials and Methods

2.1. Vitreous and Paired Serum Samples Collection and Prepa-
ration. Undiluted vitreous fluid samples (0.3–0.6mL) and
paired serum samples were obtained from 46 patients with
PDR during pars plana vitrectomy. The indications for vit-
rectomywere traction retinal detachment and/or nonclearing
vitreous hemorrhage.The diabetic patients were 35males and
11 females, whose ages ranged from 22 to 80 years with a
mean of 53.9 ± 12.8 years. The duration of diabetes ranged
from 7 to 32 years with a mean of 16.4 ± 5.6 years. Twenty-
four patients had insulin-dependent diabetes mellitus, and
22 patients had noninsulin-dependent diabetes mellitus. At
presentation, the fasting blood glucose was uncontrolled in
15 patients and controlled in 40 patients. Twenty-six patients
were receiving treatment for hypertension.The control group
consisted of 34 patients who had undergone vitrectomy for
the treatment of rhegmatogenous retinal detachment (RD)
with no proliferative vitreoretinopathy. Controls were free
from systemic disease and were 23 males and 11 females
whose ages ranged from 12 to 82 years with a mean of
47.8 ± 16.8 years. Vitreous samples were collected undiluted
by manual suction into a syringe through the aspiration
line of vitrectomy, before opening the infusion line. The
samples were centrifuged (5000 rpm for 10min, 4∘C) and the
supernatants were aliquoted and frozen at −80∘C until assay.
Blood was collected after an overnight fast, and serum was
obtained by centrifugation and stored at −70∘C. The study
was conducted according to the tenets of the Declaration
of Helsinki, and informed consent was obtained from all
patients. The study was approved by the Research Centre,
College of Medicine, King Saud University.

2.2. Animals. All procedures with animals were performed
in accordance with the ARVO statement for use of animals
in ophthalmic and vision research and were approved by the
institutional animal care and use committee of the College of
Pharmacy, King SaudUniversity. Adult male Sprague Dawley
rats, 8-9 weeks of age weighting in the range of 210–230 g,
were overnight fasted and streptozotocin (STZ; 65mg/kg in
10mM sodium citrate buffer, pH 4.5; Sigma, St. Louis, MO,
USA) was injected intraperitoneally. Equal volumes of citrate
buffer were injected in nondiabetic animals. Measuring of
blood glucose concentrations and body weight was started
after 3 days of STZ injection. Diabetes was confirmed by
assaying glucose concentration in the blood taken from tail
vein. Rats with glucose levels >250mg/dL were considered to
have diabetes. After 4 weeks of diabetes, animals were anes-
thetized by intraperitoneal injection of an overdose of chloral
hydrate and sacrificed by decapitation. Retinas were dissected
out, snap frozen, and stored at −80∘C until use. Similarly,
retinas were obtained from age-matched nondiabetic control
rats.

2.3. Intravitreal Injection of HMGB1. Sprague Dawley rats
(220–230 g) were kept under deep anesthesia, and sterilized
solution of recombinant HMGB1 (5 ng/5𝜇L; R&D Systems,
Minneapolis, MN, USA) was injected into the vitreous of the
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right eye. For the control, the left eye received 5 𝜇L of sterile
phosphate buffer saline (PBS). The animals were sacrificed
4 days after intravitreal administration, and the retinas were
carefully dissected, snap frozen in liquid nitrogen, and stored
at −80∘C until analyzed.

2.4. Glycyrrhizin Treatment. Sprague Dawley rats were made
diabetic as previously described. Diabetic rats were divided
into 2 groups: the rats in group I received normal drink-
ing water without any supplementation, and group II
received drinking water supplemented with glycyrrhizic acid
(150mg/kg/day, Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA) immediately after establishment of diabetes. Each
group consisted of 8–12 rats. After 4 weeks of diabetes, the
rats were sacrificed, the eyes were removed, and retinas were
isolated and frozen immediately in liquid nitrogen and stored
at −80∘C until analyzed.

2.5. Enzyme-Linked Immunosorbent Assay (ELISA) Kits.
ELISA kits for human BDNF (Quantikine Brain-Derived
Neurotrophic factors Factor, Cat. no. DBD00), humanMCP-1
(Quantikine Human Monocytes Chemotactic Protein-1, Cat.
no. DCP00), human sRAGE (Quantikine Human Receptor
for Advance glycation End products, Cat. no. DRG00) and
human sICAM-1 (Quantikine Human Soluble Intercellular
Adhesion Molecules-1, Cat. no. DCD540) were purchased
from R&D Systems. An ELISA kit for HMGB1 (human
high-mobility group box-1, Cat. no. ST51011) was purchased
from IBL International GMBH (Hamburg, Germany). The
detection limits for BDNF, MCP-1, sRAGE, sICAM, and
HMGB1 were 20, 5, 4.12, 96, and 200 picograms/mL (pg/mL),
respectively. The ELISA plate readings were done using
FLUOstar Omega-Microplate reader from BMG Labtech,
Offenburg, Germany.

2.6. Oxidative Stress Marker Assay Kit. The assay kit for
the oxidative stress and lipid peroxidation marker TBARS
(Cat. no. 10009055) was purchased from Cayman Chemical
Company, Ann Arbor, MI, USA.

2.7. Measurement of BDNF, MCP-1, sRAGE, sICAM, and
HMGB1 in Human Vitreous and Serum and BDNF in Rat
Retinas. The quantifications of the level of BDNF, MCP-1,
sRAGE, sICAM, and HMGB1 in the vitreous and serum
and in the rat retinas were determined using specific ELISA
kits according to the manufacturer’s instruction. For each
ELISA kit, the undiluted standard served as the highest
concentration and calibrator diluents served as the blank.
Depending upon the detection range of the ELISA kit and
the expression level of the particular molecule, vitreous and
serum samples were either directly used or diluted with
calibrator diluent supplied with ELISA kit.

For measurement of BDNF in the vitreous, 50 𝜇L of
undiluted samples was added to ELISA plates for analysis. For
serum, samples were diluted 25-fold, 5-fold, 2-fold, and 20-
fold for BDNF,MCP-1, sRAGE, and sICAM-1 measurements,
respectively. 100 𝜇L, 200𝜇L, 50 𝜇L, and 100 𝜇L of diluted sam-
ple for BDNF, MCP-1, sRAGE and sICAM were added into

each of the ELISA plates for the analysis. For measurement
of BDNF in rat retinas, 200𝜇g of rat retinal homogenate was
used and added into each of the ELISA plates for the analysis.
For the quantification of HMGB1 within the high sensitivity
range, 50𝜇L of diluents buffer (Dilbuf, IBL International) was
added to each well of the plate followed by the addition of
50𝜇L of 2-fold diluted sample. Following sample incubation
into the wells of ELISA plates, secondary antibodies against
BDNF, MCP-1, sRAGE, sICAM and HMGB1 conjugated
to horseradish peroxidase were added to each well of the
ELISA plate. After incubation, substrate mix solution was
added for color development. The reaction was stopped by
the addition of 2N sulfuric acid and optical density (OD)
was read at 450 nm in microplate reader. Each assay was
performed in duplicate. Using the 4-parameter fit logistic (4-
PL) curve equation, the actual concentration for each sample
was calculated. For the samples that have been diluted, the
correction read from the standard curve obtained using 4-PL
wasmultiplied by the dilution factors to get the actual reading
for each sample.

2.8. Measurement of TBARS in Human Serum and Rat
Retinas. The steps for the measurement of TBARS in serum
and in rat retinal homogenate were followed as per the
manufacturer instructions that use the principle of formation
of adduct between malondialdehyde (MDA) and thiobarbi-
turic acid (TBA) under high temperature (95∘C) and acidic
condition and color developed is measured colorimetrically.
Color reagent to be used was prepared by mixing TBA with
TBA acetic acid and TBA sodium hydroxide (supplied with
the kit). In a 10mL tube, 100 𝜇L undiluted serum and retinal
homogenate were mixed with 100 𝜇L of sodium dodecyl
sulphate (SDS). The color reagent (4mL) was added in each
respective tube and was boiled for 1 hour. Tubes were cooled
immediately on ice for 10 minutes and were centrifuged for
10 minutes at 1600×g at 4∘C. The upper clear solution was
loaded on 96-well clear plates and the color was measured
at 530 nm using FLUOstar Omega-Microplate reader (BMG
Labtech).

2.9. Western Blot Analysis. Retinas were homogenized in a
Western lysis buffer (30mM Tris-HCL; pH 7.5, 5mM EDTA,
1% Triton X-100, 250mM sucrose, 1mM sodium vanadate,
and protease inhibitor cocktail). The protease inhibitor used
was “Complete without EDTA” (Roche, Mannheim, Ger-
many). The lysate was centrifuged at 14,000×g for 10min
at 4∘C, and the supernatant was collected. Protein content
was assayed by DC protein assay (Bio-Rad Laboratories,
Hercules, CA, USA). The tissue lysateS containing 50 𝜇g
protein were separated on 10–15% SDS-polyacrylamide gels
and were transferred onto polyvinylidene difluoride (PVDF)
membranes.The blots were blocked with TBST (20mMTris-
HCl; pH 7.6, 136mM NaCl, and 0.1% Tween-20) containing
5% nonfat milk.

For detection of BDNF, synaptophysin, cleaved caspase-
3, and HMGB1, the membrane was incubated overnight
at 4∘C with BDNF mouse monoclonal anti-BDNF (1 : 500,
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Table 1: Comparisons of mean levels for brain-derived neurotrophic factor (BDNF), high-mobility group box-1 (HMGB1), monocyte
chemoattractant protein-1 (MCP-1), soluble intercellular adhesion molecule-1 (sICAM-1), soluble receptor for advanced glycation end
products (sRAGE), and thiobarbituric acid reactive substance (TBARS) in serum samples.

Disease group
BDNF
(ng/mL)

(mean ± s.d)

HMGB1
(ng/mL)

(mean ± s.d)

MCP-1
(pg/mL)

(mean ± s.d)

sICAM
(ng/mL)

(mean ± s.d)

sRAGE
(pg/mL)

(mean ± s.d)

TBARS
(𝜇M)

(mean ± s.d)
PDR 10.2 ± 7.7 4.4 ± 2.1 267.34 ± 174.0 205.2 ± 99.1 898.1 ± 536.9 29.0 ± 20.7
RD 16.7 ± 10.3 2.2 ± 1.4 267.29 ± 187.7 157.0 ± 45.7 589.7 ± 320.9 17.2 ± 6.1
Mean comparison
𝑃-value 0.015∗ <0.001∗ 0.836 0.019∗ 0.008∗ 0.011∗

∗Statistically significant at 5% level of significance.
PDR: proliferative diabetic retinopathy; RD: rhegmatogenous retinal detachment.

Cat no. SC-65513, Santa Cruz), goat polyclonal antisynap-
tophysin (1 𝜇g/mL, Cat. no. AF-5555, R&D Systems), rabbit
monoclonal anticleaved caspase-3 (1 : 300, Cat. no. MAB835,
R&D Systems) and rabbit polyclonal anti-HMGB1 (1 : 1000,
Cat. no. ab18256, Abcam). After overnight incubation with
primary antibodies, the membranes were washed four
times with TBS-T (5min each). For BDNF, the membrane
was incubated at room temperature for 1.5 h with anti-
mouse secondary horseradish peroxidase-conjugated anti-
body (1 : 2000, SC-2005, Santa Cruz), for synaptophysin with
anti-goat secondary horseradish peroxidase-conjugated anti-
body (1 : 2000, SC-2768, Santa Cruz), and for cleaved caspase-
3 and HMGB1 with anti-rabbit secondary horseradish
peroxidase-conjugated antibody (1 : 2000, SC-2004, Santa
Cruz). After incubations with secondary antibodies, mem-
branes were washed four times with TBS-T (5min each) and
the immunoreactivity of bands was visualized on a high-
performance chemiluminescence machine (G: Box Chemi-
XX8 from Syngene, Synoptic Ltd. Cambridge, UK) by using
enhanced chemiluminescence plus Luminol (sc-2048, Santa
Cruz) and quantified by densitometric analysis using image
processing and analysis in GeneTools (Syngene by Synoptic
Ltd. Cambridge, UK). For loading control, membranes were
stripped and incubated with a mouse monoclonal anti-𝛽-
actin antibody (1 : 2000, SC-2048, Santa Cruz) and all the
remaining steps were followed as detailed above. All data
from the three independent experiments were expressed as
a ratio to mean intensity.

2.10. Statistical Analysis. The nonparametric Mann-Whitney
𝑈 test was used to compare means from two independent
study groups. Pearson correlation coefficients were computed
to investigate correlations between continuous variables. A
𝑃 value less than 0.05 indicated statistical significance. SPSS
version 15.0 program was used for the statistical analysis.

3. Results

3.1. Levels of BDNF, HMGB1, sRAGE, sICAM-1, MCP-1,
and TBARS in Patients with PDR and Nondiabetic Con-
trol Subjects. BDNF was not detected in vitreous samples
from patients with PDR and nondiabetic control patients.
BDNF, HMGB1, sRAGE, sICAM-1, MCP-1, and TBARS were
detected in all serum samples from patients with PDR and

nondiabetic controls. Mean levels of BDNF in serum samples
from patients with PDR were significantly lower than those
in nondiabetic control patients (𝑃 = 0.015). On the other
hand, mean levels of HMGB1, sRAGE, sICAM-1, and TBARS
were significantly higher in serum samples frompatients with
PDR than those in nondiabetic controls (𝑃 < 0.001; 𝑃 =
0.008; 𝑃 = 0.019; 𝑃 = 0.011, resp.). Mean levels of MCP-
1 did not differ significantly between patients with PDR and
nondiabetic control patients (𝑃 = 0.836) (Table 1).

3.2. Correlations. There was a significant inverse correlation
between serum levels of BDNF andHMGB1 (𝑟 = −0.324; 𝑃 =
0.049) (Figure 1). There were significant positive correlations
between serum levels of TBARS and sRAGE (𝑟 = 0.335; 𝑃 =
0.018), sICAM-1 (𝑟 = 0.303; 𝑃 = 0.032), and MCP-1 (𝑟 =
0.344; 𝑃 = 0.012).There was a significant positive correlation
between serum levels of sRAGE and sICAM-1 (𝑟 = 0.431;
𝑃 < 0.001) (Table 2).

3.3. Relationships between Serum BDNF, HMGB1, sRAGE,
sICAM-1, MCP-1, and TBARS Levels and Clinical Variables
at Presentation in Patients with PDR. We examined the cor-
relations between serum BDNF, HMGB1, sRAGE, sICAM-
1, MCP-1, and TBARS levels and clinical parameters at
presentation including fasting blood sugar, triglycerides, total
cholesterol, HDL-cholesterol, LDL-cholesterol, and creati-
nine. There were significant positive correlations between
serum levels of MCP-1, and triglycerides (𝑟 = 0.402; 𝑃 =
0.0231) and total cholesterol (𝑟 = 0.519; 𝑃 = 0.003). No other
significant correlations were detected.

There were no significant relationships between serum
levels of BDNF, HMGB1, sRAGE, sICAM-1, MCP-1 and
TBARS and type of diabetes treatment (Table 3). The mean
serum levels of sRAGE in patients receiving antihypertensive
agents were significantly higher than those in other patients
(Table 4).

3.4. Severity of Hyperglycemia in Rats. The body weights of
the rats with diabetes were lower and their blood glucose
levels were more than fourfold higher compared with age-
matched normal control rats (180 ± 22 versus 250 ± 28 g
and 453 ± 32 versus 111 ± 12mg/dL, resp.). Treatment of the
diabetic rats with GA for one month did not change these
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Table 2: Pearson correlation coefficients between serum levels of the studied factors.

BNDF HMGB1 MCP-1 TBARS sICAM-1

HMGB1 𝑟 = −0.324

𝑃 = 0.049∗

MCP-1 𝑟 = 0.089 −0.156

𝑃 = 0.519 0.250

TBARS 𝑟 = −0.115 0.121 0.344

𝑃 = 0.413 0.382 0.012∗

sICAM 𝑟 = −0.103 −0.016 0.168 0.303

𝑃 = 0.450 0.907 0.219 0.032∗

sRAGE 𝑟 = −0.253 0.252 0.241 0.335 0.431
𝑃 = 0.070 0.068 0.085 0.018∗ <0.001∗

∗Statistically significant at 5% level of significance.
Where the row and column meet is the correlation coefficient and the 𝑃 value for the two variables.
BDNF: brain-derived neurotrophic factor; HMGB1: high-mobility group box-1; MCP-1: monocyte chemoattractant protein-1; TBARS: thiobarbituric acid
reactive substance; sICAM-1: soluble intercellular adhesion molecule-1; sRAGE: soluble receptor for advanced glycation end products.

𝑟 = −0.342
𝑃 = 0.049
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Figure 1: Correlation between serum levels of high-mobility group
box-1 (HMGB1) and brain-derived neurotrophic factor (BDNF).
There is a significant inverse correlation between serum levels of
HMGB1 and BDNF.

metabolic variables in diabetic rats (167±25 versus 178±22 g
and 449 ± 36 versus 475 ± 32mg/dL, resp.).

3.5. Effect of Hyperglycemia on the Expression of BDNF,
HMGB1, TBARS, Synaptophysin, and Cleaved Caspase-3 in
Rat Retinas. Quantification of BDNF levels in nondiabetic
controls and the retinas of rats with diabetes was done
with the use of ELISA. BDNF protein levels in the retinas
of animals with diabetes (0.03 ± 0.01 pg/𝜇g protein) were
significantly lower than those in nondiabetic controls (0.06 ±
0.02 pg/𝜇g protein) (𝑃 = 0.014; Mann-Whitney 𝑈 test) (Fig-
ure 2). The generation of TBARS in diabetic retinas (11.88 ±
8.2 𝜇mole/𝜇g protein) significantly increased compared with
nondiabetic controls (5.27 ± 1.8 𝜇mole/𝜇g protein) (𝑃 =
0.005) (Figure 3). We quantified the expression of HMGB1,
BDNF, synaptophysin, and cleaved caspase-3 by Western
blot analysis. Densitometric analysis of the bands revealed
a significant increase in HMGB1 (𝑃 = 0.01) and cleaved
caspase-3 (𝑃 = 0.004) and a significant decrease in BDNF

Table 3: Relationship between serum levels of the studied factors
and type of diabetes treatment in patients with proliferative diabetic
retinopathy.

Use of insulin
𝑃 value

Yes
(mean ± s.d)

No
(mean ± s.d)

BDNF (ng/mL) 10.1 ± 8.4 10.3 ± 7.2 0.749
HMGB1
(ng/mL) 4.7 ± 2.4 4.2 ± 1.9 0.546

MCP-1 (pg/mL) 271.8 ± 198.7 263.4 ± 155.2 0.835
TBARS (𝜇M) 31.6 ± 25.0 26.9 ± 16.9 0.842
sICAM-1
(ng/mL) 196.0 ± 83.9 214.5 ± 113.4 0.673

sRAGE (pg/mL) 1013.6 ± 565.3 787.9 ± 496.1 0.206
∗Statistically significant at 5% level of significance.
BDNF: brain-derived neurotrophic factor; HMGB1: high-mobility group
box-1; MCP-1: monocyte chemoattractant protein-1; TBARS: thiobarbituric
acid reactive substance; sICAM-1: soluble intercellular adhesion molecule-1;
sRAGE: soluble receptor for advanced glycation end products.

(𝑃 = 0.046) and synaptophysin (𝑃 = 0.003) in diabetic retinas
compared with nondiabetic controls (Figure 4).

3.6. Effect of Intravitreal Administration of HMGB1 on the
Expression of BDNF, HMGB1, TBARS, Synaptophysin, and
Cleaved Caspase-3 in Rat Retinas. ELISA demonstrated that
intravitreal administration ofHMGB1 in normal rats induced
significant downregulation of the expression of BDNF in the
retinas (0.038 ± 0.01 pg/𝜇g protein) compared with controls
(0.05 ± 0.01 pg/𝜇g protein) (𝑃 = 0.01) (Figure 2). HMGB1
injection induced significant upregulation of the generation
of TBARS in the retinas (8.24 ± 1.5 𝜇mole/𝜇g protein)
compared with controls (5.51 ± 1.9 𝜇mole/𝜇g protein) (𝑃 =
0.045) (Figure 3). Western blot analysis for HMGB1, BDNF,
synaptophysin, and cleaved caspase-3 showed that intravit-
real administration of HMGB1 in normal rats significantly
increased the expression of HMGB1 (𝑃 = 0.001) and
cleaved caspase-3 (𝑃 = 0.004) and significantly decreased
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Table 4: Relationship between the serum levels of the studied
factors and presence or absence of hypertension in patients with
proliferative diabetic retinopathy.

Presence of hypertension
𝑃 value

Yes
(mean ± s.d)

No
(mean ± s.d)

BDNF (ng/mL) 10.1 ± 7.7 10.3 ± 8.0 0.907
HMGB1
(ng/mL) 4.4 ± 2.3 4.5 ± 1.8 0.565

MCP-1 (pg/mL) 244.9 ± 156.0 300.2 ± 199.4 0.489
TBARS (𝜇M) 24.2 ± 11.2 35.7 ± 28.5 0.356
sICAM-1
(ng/mL) 213.0 ± 118.9 194.1 ± 61.8 0.756

sRAGE (pg/mL) 1050.5 ±
536.2

686.5 ±
474.2 0.017∗

∗Statistically significant at 5% level of significance.
BDNF: brain-derived neurotrophic factor; HMGB1: high-mobility group
box-1; MCP-1: monocyte chemoattractant protein-1; TBARS: thiobarbituric
acid reactive substance; sICAM-1: soluble intercellular adhesion molecule-1;
sRAGE: soluble receptor for advanced glycation end products.
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Figure 2: Enzyme-linked immunosorbent assay for brain-derived
neurotrophic factor (BDNF) in rat retinas. There is a significant
decrease in the expression of BDNF in the retinas of diabetic rats
(D) compared with the nondiabetic control rats (N). Intravitreal
administration of high-mobility group box-1 (HMGB1) induced a
significant downregulation of the expression of BDNF compared
with intravitreal administration of phosphate buffer saline (PBS).
Each experiment was repeated 2 to 3 times with fresh samples (𝑛 =
6).

the expression of BDNF (𝑃 = 0.001) and synaptophysin
(𝑃 = 0.001) compared with controls (Figure 5).

3.7. HMGB1 Inhibitor Glycyrrhizin Attenuates the Effect of
Diabetes. Western blot analysis was used to assess the effect
of GA on diabetes-induced alterations of BDNF in the retinas
of rats. Constant GA intake from the onset of diabetes
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Figure 3: Levels of thiobarbituric acid reactive substances (TBARS)
are significantly higher in the retinas of diabetic rats (D) compared
with the nondiabetic control rats (N). Intravitreal administration
of high-mobility group box-1 (HMGB1) induced a significant
upregulation of the levels of TBARS compared with intravitreal
administration of phosphate buffer saline (PBS). Each experiment
was repeated 2 to 3 times with fresh samples (𝑛 = 6).

significantly attenuated diabetes-induced downregulation of
BDNF (𝑃 = 0.048) (Figure 6). In a previous study, we
demonstrated that constant GA intake from the onset of dia-
betes significantly attenuated diabetes-induced upregulation
of HMGB1 in the retinas of rats [26].

4. Discussion

In the present study, we investigated the correlations between
the levels of BDNF and the levels of HMGB1 in the vitreous
fluid and serum from patients with PDR and in the retinas
of rats with diabetes. We also investigated the effect of
intravitreal administration of HMGB1 on the retinas of
rats. We demonstrated that BDNF levels were below the
detection limit of our test system in the vitreous fluid. BDNF
was significantly downregulated in the serum from patients
with PDR and in the retinas of rats with diabetes, whereas
HMGB1 was significantly upregulated. We also found a
significant inverse correlation between the levels of BDNF
and HMGB1 in the serum. Intravitreal administration of
HMGB1 to normal rats induced a significant downregulation
of BDNF. Our results are consistent with previous reports
that demonstrated reduced levels of the protein and mRNA
of BDNF in streptozotocin-induced diabetic rat retinas [1,
3]. Sasaki et al. [3] reported that excessive oxidative stress
is responsible for the reduced BDNF levels in the retinas
from rats with diabetes. The antioxidant lutein prevented
reactive oxygen species generation, visual impairment, BDNF
depletion, and neuronal cell apoptosis in the diabetic retina.
Furthermore, intraocular administration of BDNF rescued
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Figure 4: Western blot analysis of high-mobility group box-1 (HMGB1), brain-derived neurotrophic factor (BDNF), synaptophysin, and
cleaved caspase-3 in rat retinas.There is a significant increase in the expression of HMGB1 and cleaved caspase-3 and a significant decrease in
the expression of BDNF and synaptophysin in the retinas of diabetic rats (D) comparedwith the nondiabetic control rats (N). Each experiment
was repeated 2 to 3 times with fresh samples (𝑛 = 6).
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Figure 5: Western blot analysis of rat retinas. Intravitreal administration of high-mobility group box-1 (HMGB1) induced a significant
upregulation of the expression of HMGB1 and cleaved caspase-3 and a significant downregulation of the expression of brain-derived
neurotrophic factor (BDNF) and synaptophysin comparedwith intravitreal administration of phosphate buffer saline (PBS). Each experiment
was repeated 2 to 3 times with fresh samples (𝑛 = 6).

retinal dopaminergic amacrine cells from neurodegeneration
in rats with diabetes [1]. The findings suggest that the
early retinal neuropathy of diabetes involves the reduced
expression of BDNF, whose deficiency is associated with a
number of neurodegenerative disorders [27].We showed that
the protein level of BDNF was also reduced in the retinas
by intravitreal injection of HMGB1, whose levels are elevated
in the vitreous fluid and epiretinal membranes from patients
with PDR as well as in the retinas of diabetic animals [22–24].

In addition, the HMGB1 inhibitor GA attenuated diabetes-
induced upregulation of HMGB1 and downregulation of
BDNF in the retinas of rats. Our findings suggest that
diabetes-induced decrease of BDNF in the retina seems to be
mediated by HMGB1.

BDNF, in addition to its role in neuronal health, plays
a systemic role in glucose metabolism. In animals, BDNF
is involved in insulin resistance, reduces food intake, and
lowers blood glucose levels in obese diabetic mice [28]. It was
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Figure 6: Diabetes-induced downregulation of brain-derived neu-
rotrophic factor (BDNF) is prevented by constant intake of gly-
cyrrhizic acid (GA) as shown by Western blot analysis. Each
experiment was repeated 2 to 3 times with fresh samples (𝑛 = 6).

also demonstrated that, compared with thiazolidinediones,
BDNF potently ameliorates pancreatic dysfunction, fatty
liver, and energy expenditure, thereby exerting favourable
antidiabetic effects in type 2 diabetic mice [29]. It was also
reported that high levels of glucose, but not insulin, inhibit
the output of BDNF from the human brain [30]. These
findings suggest that BDNF may have a potential as a unique
hypoglycemic agent for the treatment of diabetes. In line with
earlier reports [30, 31], serum levels of BDNF in patients
with PDR were significantly reduced compared to control
nondiabetic patients. In contrast to BDNF, we demonstrated
elevated levels of HMGB1 in the serum from patients with
PDR. Our results are consistent with previous reports that
demonstrated elevated levels of HMGB1 in the serum from
patients with type 1 and type 2 diabetes [32, 33] and that
higher serum HMGB1 levels were associated with greater
prevalence and severity of albuminuria. In addition, HMGB1
levels were positively associated with markers of low-grade
inflammation and endothelial dysfunction [33].

Synaptophysin is an integral membrane protein of the
synaptic vesicles. It possibly serves multiple functions in
synaptic vesicle formation and exocytosis, playing an impor-
tant role in neurotransmitter delivery. It is widely used as
one of the synaptic function markers and is also thought to
be closely related to synaptogenesis and synaptic plasticity
during neural tissue development. Synaptophysin knockout
mice exhibited a significant decrease in synaptic vesicles in

retinal rod photoreceptors, which disturbs neurotransmitter
release and synaptic network activity [34]. Previous studies
demonstrated that 1 month of diabetes decreases the reti-
nal expression of synaptophysin [3, 35, 36] and that the
antioxidant lutein prevented synaptophysin reduction and
avoided increase in cleaved caspase-3 in the diabetic retina [3]
suggesting that local oxidative stress has a neurodegenerative
influence in diabetic retina. In the present study, we demon-
strated that, similar to diabetes, HMGB1 caused a significant
decrease in the synaptic vesicle protein synaptophysin and a
significant increase in the activated cleaved caspase-3 in the
retina of normal rats.

Activation of HMGB1/RAGE signaling axis is important
in promoting proinflammatory pathways considered to play
an important role in diabetes-induced retinal neuroinflam-
mation [9–12, 16, 17]. Interaction of HMGB1 with RAGE
results in activation of NF-𝜅B, release of cytokines and
chemokines, expression of adhesion molecules, and induc-
tion of oxidative stress [9–14]. In our laboratory, we recently
demonstrated that diabetes induced significant upregulation
of the expression of HMGB1, RAGE, activated NF-𝜅B, and
intercellular adhesion molecule-1 (ICAM-1) in the retinas
of rats and that intravitreal administration of HMGB1 in
normal rats mimics the effect of diabetes. In addition, coim-
munoprecipitation studies showed that diabetes increases the
interaction between HMGB1 and RAGE [26]. These findings
suggest a pathogenic role of HMGB1 in the development of
diabetic retinopathy through RAGE and activation of NF-
𝜅B. Recently, it was reported that chronic neuroinflammation
may be a driving force of progressive neurodegeneration and
that HMGB1 provides the link between chronic neuroinflam-
mation and progressive neurodegeneration in neurodegener-
ative diseases, such as Parkinson’s disease [15].

In the present study, we report that sRAGE and sICAM-
1 levels were significantly upregulated in the serum from
patients with PDR and that MCP-1 levels did not differ
between patients with PDR and nondiabetic control sub-
jects. Our results are consistent with previous reports that
demonstrated increased circulating levels of sRAGE [32, 37,
38] and sICAM-1 [32, 39–41] in both patients with type
1 and type 2 diabetes mellitus compared to nondiabetic
controls. Pham et al. [41] demonstrated increased serum
concentration of sICAM-1 in patients with type 2 diabetes
mellitus compared with healthy subjects, whereas serum
concentrations of the chemokine MCP-1 were not increased.
It has been suggested that human sRAGE production might
be derived from alternative RNA splicing as well as by release
from the full-length RAGE receptor by proteinases [42]. It
was also demonstrated that the engagement of HMGB1 with
RAGE promotes the shedding of the receptor and that high
levels of soluble forms of RAGE correlate with high levels of
chronic ongoing inflammation [42]. Furthermore, circulating
sRAGE levels may reflect enhanced tissue RAGE expression
in diabetic vasculature [43]. In the present study, we iden-
tified a significant positive correlation between the serum
levels of sRAGE and the biomarker of endothelial activation
and dysfunction sICAM-1 consistent with a previous study
[32]. These findings suggest that RAGE signaling pathway
is involved in the pathogenesis of endothelial activation
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and dysfunction in diabetes and that these factors may be
coregulated in diabetic retinopathy.

sRAGE, a truncated form of the receptor, binds ligands
with affinity equal to that of cellular RAGE. It, therefore, has
the ability to prevent RAGE signaling acting as a “decoy”
by binding ligands and preventing them from reaching the
cell surface RAGE. In vitro, sRAGE added to cultured cells
blocked the effects of RAGE ligands on expression of inflam-
matory markers, cellular migration and proliferation, and
cytotoxicity [44]. sRAGE has successfully been used in a vari-
ety of animal disease models to antagonize RAGE-mediated
pathologic processes [44, 45]. Several studies showed that
sRAGEmight beneficially impact early vascular and neuronal
dysfunction in the diabetic retina. Systemic administration of
sRAGE inhibits blood-retinal barrier breakdown, leukostasis,
and expression of ICAM-1 in the retina of diabetic animals
[46]. In addition, attenuation of the RAGE axis with sRAGE
ameliorated retinal neuronal dysfunction and reduced the
development of capillary lesions in a murine model of non-
proliferative diabetic retinopathy [47]. Our results suggest
that elevated levels of sRAGE in the serum from patients
with PDR potentially negatively regulate inflammation and
that sRAGE is secreted extracellularly as a negative feedback
mechanism to limit diabetes-induced retinal vascular and
neuronal dysfunction.

Lipid peroxidation is considered a hallmark of oxidative
stress. In our study, there was a significant increase in lipid
peroxidation in the serum from patients with PDR and in
the retinas of diabetic rats as measured by TBARS formation.
In addition, intravitreal administration of HMGB1 to normal
rats induced significant upregulation of TBARS in the retina.
These results are in agreement with several studies that
reported elevated levels of circulating TBARS in diabetic sub-
jects [48–50] and that the expression of TBARS is increased
in the retinas of diabetic rats [51]. Our analysis showed
significant positive correlations between the serum levels of
TBARS and sRAGE, sICAM-1, and MCP-1. Our results are
consistent with a previous report that demonstrated a signifi-
cant positive correlation between plasma levels of TBARS and
sICAM-1 in patientswith type 1 diabetesmellitus [52] and that
hyperglycemia-induced oxidative stress induces an increase
of circulating ICAM-1 levels [53] and the expression of RAGE
in human endothelial cells [54]. On the basis of our findings,
we propose a causal relationship linking hyperglycemia, acti-
vation of HMGB1/RAGE signaling axis, neuroinflammation,
oxidative stress, and diabetic retinal neurodegeneration.

In conclusion, these data suggest that diabetes-induced
increased oxidative stress, downregulation of BDNF and
synaptophysin, and upregulation of cleaved caspase-3 were
also induced by HMGB1. The HMGB1 inhibitor GA attenu-
ated diabetes-induced downregulation of BDNF in the reti-
nas of rats. Collectively, our present data suggest that blocking
HMGB1 signaling pathways might be a novel therapeutic
strategy for neuronal dysfunction in vision-threatening dia-
betic retinopathy.
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