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ABSTRACT.

Purpose: Retinal glia cells (RGC) activation and release of inflammatory

cytokines have been associated with development of diabetic retinopathy (DR).

In this study, we evaluated by protein array the presence of aqueous humour

(AH) cytokines secreted by RGC in patients with diabetes without DR and with

mild DR.

Methods: This is a cross-sectional, case–control study. Thirty-five subjects

(diabetics and controls) underwent full ophthalmic examination and AH samples

collection before cataract surgery at the Department of Ophthalmology

University of Padova. AH samples were analysed for total protein concentration

(Bradford method) and RGC-related inflammatory cytokines using glass chip

protein arrays.

Results: Twelve diabetic patients without DR, 11 diabetic patients with mild DR

and 12 non-diabetic controls were included. There was no significant difference in

total protein concentration among the 3 groups. Interleukin IL-1b, IL-3,

interferon gamma (IFN-ɣ), (IFN-ɣ)-induced protein (IP)-10 and monocyte

chemotactic protein (MCP)-2 were significantly increased in diabetics versus

controls. IFN-ɣ, IL-1a, IL-3 and MCP-2 were significantly increased in

diabetics without DR versus controls, whereas granulocyte–macrophage colony-

stimulating factor (GM-CSF), IFN-ɣ, IL-10, IP-10, regulated and normal T cell

expressed and secreted (RANTES), and soluble tumour necrosis factor receptor

(sTNF-R)II were significantly increased in diabetics with mild DR versus

controls. Macrophage inflammatory protein (MIP-1b), GMCSF, RANTES and

sTNF-RII were significantly increased in diabetics with mild DR versus diabetics

without DR (p < 0.05 at least for all).

Conclusions: Differences in expression profile of AH cytokines between

diabetics, without and with mild DR, and controls have been documented.

Retinal neuroinflammatory biomarkers of RGC activation evaluated in AH by

protein array analysis could guide in detecting specific phenotypes with potential

for personalized management.
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Introduction

Diabetic retinopathy (DR) is a frequent
complication of diabetes mellitus (DM).
Persistent hyperglycaemia leads to the
activation of multiple cellular pathways
involved in the pathogenesis of DR,
resulting in the increase in inflamma-
tion, oxidative stress and vascular dys-
function. (Kern 2007; Tang & Kern
2011; Zong et al. 2011; El-Asrar 2012;
Rangasamy et al. 2012) DR has been
considered a ‘chronic, low-grade inflam-
matory disease of the retina’. (Yang
et al. 2009) One of the first signs of
inflammation in DM is the activation of
retinal glial cells (RGC). (Bringmann
et al. 2009; Grigsby et al. 2014) RGC
include microglia and macroglial cells
(M€uller cells and astrocytes). Activated
RGC release cytotoxic substances
responsible for recruitment of leuco-
cytes, blood-retinal barriers break-
down, direct glial dysfunction and
neuronal cell death. (Bringmann et al.
2009; Yang et al. 2009; Bringmann &
Wiedemann 2012) An increasing body
of scientific evidence documented that
cytokines and chemokines (chemotactic
cytokines) released by activated RGC
include colony-stimulating factors:
macrophage colony-stimulating factor
(M-CSF) and granulocyte–macrophage
colony-stimulating factor (GM-CSF),
interleukin (IL)-1 a/b, IL-3, IL-6, IL-8,
IL-10, IL-12, IL-15, IL-18, tumour
necrosis factor (TNF-a), interferon
gamma (IFN-ɣ), interferon gamma
(IFN-ɣ)-induced protein (IP)-10,
transforming growth factor-b (TGF-b),
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vascular endothelial growth factor
(VEGF), lymphotoxin, macrophage
inflammatory protein 1 (MIP-1), MIP-
2,MIP-3, monocyte chemotactic protein
(MCP)-1, regulated and normal T cell
expressed and secreted (RANTES),
matrix metalloproteinases (MMPs) and
other reactive oxygen species (glutamate,
proteases, leukotrienes). (Martinez-Moc-
zygemba&Huston 2003;Kremlev et al.
2004; Maurer & von Stebut 2004; Lang-
mann 2007; Hanisch & Kettenmann
2007; Bringmann & Wiedemann 2012;
Grigsby et al. 2014; Karlstetter et al.
2015).

Different studies have evaluated
changes in concentrations of inflamma-
tory and angiogenic cytokines in the
aqueous humour (AH) or vitreous of
patients with diabetes, focusing mostly
on diabetic macular oedema or prolifer-
ative DR. (Funatsu et al. 2002, 2005a;
Demircan et al. 2006; Funatsu et al.
2009; Adamiec-Mroczek et al. 2010;
El-Asrar et al. 2011; Sohn et al. 2011)
Changes in cytokine profile in theAHof
diabetic patients with DR and/or macu-
laroedemaincludeproteins suchas IL-6,
VEGF, IL-12, IL-8, IP-10, MCP-1,
platelet-derived growth factor (PDGF)
and intracellular adhesionmolecule type
1(ICAM-1) (Funatsu et al. 2002, 2005b;
Oh et al. 2010; Sohn et al. 2011; Cheung
et al. 2012; Chiang et al 2012; Gverovic
et al. 2012; Jonas et al. 2012), while the
profileof vitreous samples includes IL-6,
TNF-a, IL-1b, VEGF, ICAM-1 and
MCP-1. (Funatsu et al. 2005a; Demir-
can et al. 2006; Funatsu et al. 2009;
Adamiec-Mroczek et al. 2010; El-Asrar
et al. 2011) Methods used for the deter-
minationof inflammatorymarkers ineye
fluids include classical techniques (en-
zyme-linked immunosorbent assay:
ELISA and Western blotting) (Rung-
ger-Brandle et al. 2000; Funatsu et al.
2002, 2005a;Demircan et al. 2006;Mur-
ugeswari et al. 2008; Patel et al. 2008;
Funatsu et al. 2009; Noma et al. 2009;
Yang et al. 2009; Oh et al. 2010; El-
Asrar et al. 2011; Ibrahim et al. 2011;
Gverovic et al. 2012; Zhou et al. 2012)
and newer, larger-scale methods such as
multiplex bead assays and proteomic
approaches using protein array chips.
(Funatsu et al. 2005a; Grus et al. 2007;
Sharma et al. 2009; Forooghian et al.
2010; Sohn et al. 2011) Reported herein
aretheresultsofaproteomicapproachto
analyse the specific cytokine profile of
aqueous humour samples collected from
diabetic patients without or with early

DR and compared to non-diabetic sub-
jects in order to evaluate early intraocu-
lar inflammatory biomarkers related to
RGC activation.

Materials and Methods

Patients

Patients presenting for cataract surgery
at the Department of Ophthalmology,
University of Padova (from January to
September 2012), were prospectively
recruited in this study. The enrolled
study population consisted of three
groups: a control group of subjects
without DM, and study groups of
patients with type 2 diabetes mellitus
(DM) with mild non-proliferative DR
or without DR.

The major inclusion criterion was
the indication for cataract surgery,
and, in diabetic groups, a diagnosis of
type 2 DM (according to the World
Health Organization criteria: glycated
haemoglobin (HbA1c)>6.5% in two
occasions, or glycemia ≥126 mg/dl
after at least 8 hr of fasting in two
occasions, or glycemia ≥200 mg/dl
after 2 hr from an oral glucose toler-
ance test to be confirmed by a fasting
test, or casual glycemia ≥200 mg/dl in
presence of typical symptoms (poly-
uria, polydipsia, weight loss) (Ameri-
can Diabetes Association, 2012)
absence of DR or presence of mild
non-proliferative DR. Exclusion crite-
ria for all groups were as follows:
presence of macular oedema; intraocu-
lar pressure ≥22 mmHg or a history of
glaucoma; other ocular diseases of
vascular, degenerative or inflammatory
nature not related to DM; steroids,
non-steroidal anti-inflammatory drugs,
anti-VEGF treatment or any eye sur-
gery in the 3 months before interven-
tion; presence of a neurodegenerative
disease (e.g. Alzheimer’s, Parkinson’s,
dementia); in diabetics, presence of DR
other than mild non-proliferative DR.

Informed consent was obtained
from each patient, and the research
was carried out in accordance with the
Declaration of Helsinki regarding
experimentation involving human tis-
sue. Local Ethics Committee approval
for the study was obtained.

Study design

The study was open-label, cross-sec-
tional, case–control series. Each subject

underwent a complete ophthalmologic
examination, including slit-lamp
biomicroscopy, tonometry, ophthal-
moscopic examination and colour pho-
tographs of the fundus with grading of
DR on colour photographs according
to internationally established criteria
(Wilkinson et al. 2003) and spectral
domain optical coherence tomography
(OCT) examination of the studied eye
in order to exclude the presence of
macular oedema. The cut-off for pre-
sence of macular edema was central
retina thickness ≥300 lm.

Sample collection and preparation for

analysis

All patients underwent standard pre-
operative preparation for phacoemul-
sification surgery and intraocular lens
insertion: disinfection of periocular
skin with povidone-iodine 10% (ESO-
JOD, ECOLAB, Agrate Brianza, Ital-
ia), instillation of sterile lidocaine 4%
(Alphaintes, Napoli, Italia), irrigation
of the conjunctival sac with povidone-
iodine 5% (Oftasteril, Alphaintes) and
abundant washing out of the eye with
balanced salt solution.

Aqueous humour (150–200 ll) was
aspirated from the anterior chamber of
the eye, via a paracentesis under micro-
scope using a 30-gauge needle and an
insulin syringe (1 ml), and avoiding any
contact with the intraocular tissues.
Immediately after the aspiration of
AH, the first operator carried out the
subsequent surgical procedure, while a
second operator handled the sample.

The collected sample was divided
into two 50 ll of aliquots which were
placed into 1.7 ml numbered conical
test-tubes and stored at a temperature
of �20°C. Each of these contained
50 ll of modified RIPA buffer (25 mM

Tris buffer, 150 mM NaCl, 0.1%
Tween-20, 1 mM EDTA, 0.1% SDS,
10 mM NaF, 1 mM PMSF, pH 7.5) and
to which 50 ll T-protein extraction
reagent (T-PER) supplemented with a
cocktail of protease inhibitors (code
#0078510; Pierce Biotechnology, Rock-
ford, IL, USA) was added. The excess
material was placed into a third test-
tube with 3uL of protease inhibitors.

After gently mixing, the tubes were
labelled with ‘PT: ID code’ (patient:
identification code of the study sub-
ject). Within an hour from collection,
the samples were stored at �70°C.
After sample collection was complete,
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the two sample sets (RIPA and T-PER
preparations) were shipped to the G.B.
Bietti Foundation Lab for planned
analysis.

Quantitative determination of total protein

Quantitative determination of proteins
allowed the evaluation of the potential
variations in total protein concentra-
tions among and within different
groups, and the normalization of the
samples before proteomic analyses.

The AH samples were prepared for
RIPA and T-PER sampling as
described above. For RIPA sampling,
quantification of total protein was
performed using the Bradford method.
In brief, 2 ll of AH were diluted with
18 ll of double-distilled water (DDW;
water DirectQ5; millipore.com) and
mixed with 200 ll of a prediluted
solution (code 500-0006; BioRad,
Milan, Italy). After incubating for
5 minutes at room temperature, 3 ll
of each sample and of a reference
standard curve (0–1000 lg/ml BSA;
Sigma-Aldrich, Milan, Italy) was read
by a digital spectrophotometer with the
appropriate Bradford option (Nan-
odrop ND1000 UV–Vis Spectropho-
tometer; Thermo Scientific,
Wilmington, DE, USA). The protein
concentration was calculated based on
the linearized standard curve provided
by the programme.

For T-PER sampling, 3 ll samples
were directly evaluated by digital spec-
trophotometer the A280 option with
comparison to a standard (IgG), as
provided by the manufacturers. Both
evaluations were carried out after
blank options, both against DDW
and the appropriate buffer.

After the analyses of total protein,
and before the subsequent protein
analyses, the AH underwent sonifica-
tion (VibraCell, Sonics, CT, USA)
before being clarified by centrifugation
to separate cellular proteins from DNA
and RNA. Data were used to evaluate
possible variations in total protein
content among groups and to normal-
ize the samples before loading in the
specific assay.

Inflammatory profile analysis with protein

array

The protein array was conducted using
the RayBiotech technology established
by the manufacturer (Norcross, GA,

USA). Glass chips were used in this
study. Normalization, positive/nega-
tive and internal controls were carried
out according to the manufacturer’s
instructions.

Chip-based arrays

Array chips were incubated with predi-
luted AH samples and labelled with a
biotin-conjugated cocktail of antibod-
ies, followed by a cy3-conjugated strep-
tavidin complex, according to the
manufacturer’s instructions. Both dia-
beticsandcontrolgroupswereprocessed
inparallel.Afteranovernightincubation
at 4°C, the array slides were washed and
exposed to a biotinylated antibody mix-
ture followed by a cy3-streptavidin
labelling solution. All steps were per-
formedunder orbital shaking (Certomat
II, Sartorius AG), and all the hybridiza-
tion/washing solutionswereprovidedby
the kit. As a final point, the glass-slides
were washed once with MilliQ water,
spin-dried and acquired with a GenePix
4400 Microarray scanner (Molecular
DevicesLLC,Sunnyvale, SiliconValley,
CA, USA). To obtain appropriate Cy5
(background signal) and Cy3 (specific
signal) images, the slides were scanned
over previously validated acquisition
parameters and the images/arrays
(blocks) were uniformly adjusted for
size, brightness and contrast at the
moment of acquisition. Using the SPOT
tool, the specific area (corresponding to
each cytokine on the array) was manu-
ally spotted and automatically adjusted,
accordingtoprefixedacquisitionparam-
eters applied to all glass-slides of the
study. The fluorescence intensity data
(FI) of each spot were calculated by the
GENEPIX PRO 6.0 pro software (Molecular
Devices) that provides background-sub-
tractedFI data (F532-B532,N factor) as
of a value for spot volume, representing
the product of the area and the highest
pixel value contained in that area. The
fluorescence signals were acquired with
the GenePix 4100 microarray scanner
(Molecular Devices LLC, Sunnyvale,
CA, USA) equipped with the GENEPIX

PRO 3.0 software (Axon Instruments,
Foster City, CA, USA), and expressed
asaratio(pathological/referencesignal).

Array data analysis

Fluorescence signals were analysed
automatically by the GenePix 4100
microarray scanner. Normalization

was carried out using the GENEPIX

software according to the manufac-
turer’s instructions, and fluorescence
signals were analysed and compared by
NIH and STATVIEW softwares. In the
array approach, all comet tails were
ignored and only median signal values
obtained using the same setting were
used for the identification of any
biomarker variation. An inter- and
intra-assay coefficient of variability
limit of ≤10% was set for the study,
and a ≥1.5-fold increase or ≤0.65-fold
decrease in signal intensity was consid-
ered to guarantee specific signals above
background. In order to minimize
intra- and interassay variability, a sin-
gle tester handled all the material and
followed all the phases of the experi-
ment.

Statistical analysis

Results were reported as mean � stan-
dard deviation. The difference in mean
protein concentration among the 3
groups was compared using an analysis
of variance (ANOVA) test. The difference
in cytokine concentration, expressed in
terms of intensity of the fluorescence
signal, among groups was determined
using ANOVA. In order to control the
number of false-positive results (false
discovery rate-FDR) due to multiple
testing, Benjamini–Hochberg proce-
dure was applied. (Benjamini & Hoch-
berg 1995) We considered up to 10% of
significant results being false positives.
Tukey–Kramer post hoc analysis was
applied to significant results after Ben-
jamini–Hochberg procedure. Firstly,
all diabetics were compared to con-
trols. Secondly, diabetics were subdi-
vided in those without DR and with
DR and separately compared to con-
trols. Volcano plots were used to show
logarithm of fold changes versus neg-
ative logarithm of statistical signifi-
cance (p-values) of cytokines’
expression in AH of diabetics (all
diabetics, diabetics without DR and
diabetics with DR) versus controls and
diabetics with DR versus diabetics
without DR. (Cui & Churchill 2003).

Results

Patient cohort and baseline characteristics

Thirty-five subjects were included in
the study, and 35 eyes were evaluated.
The study population consisted of 12
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subjects without DM and 23 patients
with DM. In the DM group, there were
12 patients with no DR and 11 patients
with mild non-proliferative DR. The
average age of the cohort ranged from
62 to 75 years. All patients with dia-
betes had DM type 2 and the duration
of diabetes ranged from 7.7 to
21.8 years (Table 1). Mean HbA1c
was 7.8 � 0.6%. There was a signifi-
cant difference in DM duration
between diabetics with DR and those
without DR (17.6 � 10.8 years versus
7.7 � 5.1 years, p < 0.05) (Table 1).
There were no significant differences
in age (p = 0.21, ANOVA test) and base-
line intraocular pressure (p = 0.23,
ANOVA test) among the 3 groups.
(Table 1). There were no significant
differences in mean blood pressure
among the three groups (p = 0.33,
ANOVA test).

Protein concentration

Total protein concentration in the
samples was not different among
groups. There was no significant differ-
ence in mean protein concentration
among the controls (0.44 � 0.07 mg/
ml), diabetics without DR
(0.45 � 0.10 mg/ml) and diabetics with
DR (0.43 � 0.05 mg/ml), p = 0.83
(ANOVA test).

Array signal intensities

The intensity of the fluorescence
signal was significantly greater in dia-
betics (without and with DR) versus
controls for the following cytokines:
IFN-ɣ (p < 0.001); IL-1b (p = 0.03);

IL-3 (p = 0.02); IL-10 (p = 0.02); IP-10
(p = 0.009); MCP-2 (p = 0.02); and
borderline significance for TNF-a
(p = 0.04) (ANOVA followed by Ben-
jamini–Hochberg procedure for multi-
ple testing) (Table 2, Fig. 1A).

In diabetic patients without DR, the
intensity of the fluorescence signal was
significantly greater versus controls for
the following cytokines: IFN-ɣ
(p = 0.01), IL-1a (p = 0.03), IL-3
(p = 0.002) and MCP-2 (p = 0.01).
There was a borderline statistical sig-
nificance for IL-1b (p = 0.05) versus
controls. The intensity of macrophage
inflammatory protein (MIP)-1b
(p = 0.04) signal was significantly
decreased in these patients compared
to controls (ANOVA followed by Ben-
jamini–Hochberg procedure for multi-
ple testing and Tukey–Kramer post
hoc test for multiple comparisons)
(Table 3; Fig. 1B).

The intensity of the signal was sig-
nificantly greater in diabetic patients
with mild DR compared to controls for
granulocyte–macrophage colony-stim-
ulating factor (GM-CSF) (p = 0.01),
IFN-ɣ (p < 0.001) IL-10 (p = 0.03), IP-
10 (p = 0.03), regulated and normal T
cell expressed and secreted (RANTES)
(p = 0.03), and soluble tumour necrosis
factor receptor (sTNF-R)II (p = 0.01)
(ANOVA followed by Benjamini–Hoch-
berg procedure for multiple testing and
Tukey–Kramer post hoc test for mul-
tiple comparisons) (Table 3; Fig. 1C).

When diabetic patients with and
without DR were compared, the inten-
sity of the signal was significantly
greater in patients with DR compared
to patients without DR for MIP-1b

p < 0.001), GMCSF (p = 0.03),
RANTES (p = 0.03) and sTNF-RII
(p = 0.04); IL-3 was significantly
reduced in patients with DR compared
to those without DR (p = 0.03) (ANOVA

followed by Benjamini–Hochberg pro-
cedure for multiple testing and Tukey–
Kramer post hoc test for multiple
comparisons) (Fig. 1D).

Discussion

In this study, we evaluated, by pro-
teome analysis, inflammatory cytokines
related to RGC activation in the aque-
ous humour of diabetic patients with-
out DR or with mild DR (and
compared to non-diabetic subjects).
The evaluated biomarkers include IL-
1a, IL-1b, IL-3, IL-6, IL-8, IL-10, GM-
CSF, IFN-ɣ, IP-10, RANTES, MCP-1,
MCP-2, MIP-1 chemokines and TNF-
a. (Hanisch & Kettenmann 2007; Lang-
mann 2007; Bringmann & Wiedemann
2012; Grigsby et al. 2014) A general
increase in RGC-related inflammatory
cytokines in the AH was detected in
diabetics without and with mild DR
versus non-diabetic subjects. In partic-
ular, in diabetics without DR, IFN-ɣ,
IL-1a, IL-3 and MCP-2 were signifi-
cantly increased compared to non-dia-
betic controls. IFN-ɣ was
approximately threefold increased and
MCP-2 more than 10-fold increased. In
diabetics with mild DR, IFN-ɣ was
increased when compared to non-dia-
betic subjects, similarly as in diabetics
without DR. IP-10 was approximately
threefold increased and IL-10 approx-
imately fivefold increased, only in dia-
betics with mild DR versus non-
diabetic subjects, whereas RANTES,
GM-CSF and sTNF-RII were
increased only in the DR group com-
pared to both non-diabetic subjects
and diabetics without DR. MIP-1b
was significantly increased, whereas
IL-3 was significantly decreased in
patients with DR versus diabetic
patients without DR. The significance
of above-mentioned inflammatory
biomarkers in DM was previously
reported in the literature. (Rothwell &
Luheshi 2000; Yoshida et al. 2003;
Kowluru & Odenbach 2004; Krady
et al. 2005; Cardona et al. 2006;
Demircan et al. 2006; Aveleira et al.
2010; Oh et al. 2010; Pereira Tde et al.
2010; Zhang et al. 2011; Cheung et al.
2012; Liu et al. 2012; Garcia et al.
2013; Grigsby et al. 2014) IL-1b is

Table 1. Baseline patient characteristics.

Parameters

Controls

(N = 12)

Diabetics without

DR

(N = 12)

Diabetics with

DR

(N = 11)

Mean age � SD (years) 75.4 � 6.2 73.9 � 9.0 68.9 � 11.4

Sex (M:F) 5:7 4:8 6:5

Mean duration � SD DM (years) n.a. 7.7 � 5.1 17.6 � 10.8

DM treatment

Oral hypoglycaemics + insulin n.a. 1 2

Oral hypoglycaemics n.a. 8 2

Insulin n.a. 0 6

Diet n.a. 2 1

No treatment n.a. 1 0

Mean intraocular pressure�SD

(mmHg)

16.3 � 2.3 17.5 � 2.4 15.8 � 2.5

Mean � standard deviation; DM, diabetes mellitus; DR, diabetic retinopathy; F, female; M,

male; NA, not applicable; T2DM, type 2 diabetes mellitus.
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considered a trigger of the neuroin-
flammatory cascade in DM. ( Rothwell
& Luheshi 2000; Liu et al. 2012) IL-1b
and TNF-a increase caspase 3 activity,
thus inducing endothelial cell damage.
(Kowluru & Odenbach 2004; Aveleira
et al. 2010; Zhang et al. 2011) There-
fore, the release of inflammatory medi-
ators and neurotransmitters may
contribute to early neuronal cell death
in the retina in DM. (Pereira Tde et al.
2010) MCP-2 (in this study increased
even in diabetics without clinical signs
of DR) is a monocyte chemotactic
factor and higher levels of this chemo-
kine suggest an early inflammatory
response. (Oh et al. 2010) MIP-1, IL-
1 and IL-3 have a role in angiogenesis
as established in experimental ischae-
mic mouse models. (Yoshida et al.
2003; Krady et al. 2005; Demircan
et al. 2006; Grigsby et al. 2014) How-
ever, in humans, plasma level of IL-3
was not associated with DR. (Hang
et al. 2014) GM-CSF is an important

regulator of macrophage, granulocyte
and dendritic cell behaviour and func-
tion. (Cheung et al. 2012) A decrease in
a specific chemokine fractalkine,
secreted by RGC, determines neuro-
toxicity and an increase in inflamma-
tory IL-1b and IFN-ɣ in DR, thus
inducing a modulation of RGC func-
tion and morphological abnormalities.
(Cardona et al. 2006; Garcia et al.
2013).

The analysis of ocular cytokine pro-
file of diabetic patients typically occurs
via the sampling of vitreous or aqueous
humour from the eye. (Funatsu et al.
2001, 2005a,b; Demircan et al. 2006;
Patel et al. 2006; Maier et al. 2008;
Funatsu et al. 2009; Adamiec-Mroczek
et al. 2010; Oh et al. 2010; El-Asrar
et al. 2011; Sohn et al. 2011; Cheung
et al. 2012; Gverovic et al. 2012; Jonas
et al. 2012; Zhou et al. 2012) Never-
theless, most of the studies investigated
subjects who had advanced stages of
DR, in many cases already in the

proliferative form or associated with
DME. (Funatsu et al. 2002, 2005a,b;
Demircan et al. 2006; Patel et al. 2006;
Funatsu et al. 2009; Adamiec-Mroczek
et al. 2010; Oh et al. 2010; El-Asrar
et al. 2011; Sohn et al. 2011; Jonas
et al. 2012; Zhou et al. 2012) This may
partially explain differences with our
results because we have evaluated
patients in earlier stages of DR.

Although some evidence suggests
that proteins in vitreous samples may
be different to those in aqueous sam-
ples (Ecker et al. 2011), Funatsu et al.
found that levels of VEGF and IL-6
were highly correlated between AH and
vitreous and also to the severity of DR.
(Funatsu et al. 2005b) Recently, there
has been an increased interest in the
AH cytokines determination. (Funatsu
et al. 2002, 2005b; Oh et al. 2010; Sohn
et al. 2011; Cheung et al. 2012; Gvero-
vic et al. 2012; Jonas et al. 2012) The
cytokine profile in AH samples from
patients with diabetes in other studies
is variable, although this may be partly
due to differing limits of detection of
the various methods used for protein
analysis. (Cheung et al. 2012) Different
studies reported that IL-6 is commonly
increased in the AH of patients with
DM, irrespective of the presence of
DR. (Funatsu et al. 2002; Funatsu
et al. 2005b; Cheung et al. 2012; Jonas
et al. 2012) Data about TNF-a are
controversial, as some reported
increase (Hanisch & Kettenmann
2007; Grigsby et al. 2014), while Che-
ung et al. reported decrease in TNF-a
in diabetics with DR versus controls.
(Cheung et al. 2012) In diabetics with
DR, commonly increased inflamma-
tory mediators include IP-10, MCP-1,
IL-8, ICAM-1 and TGF-b. (Oh et al.
2010; Sohn et al. 2011; Jonas et al.
2012) In diabetic patients with DR
versus non-diabetic controls, IL-10, IL-
12 and IFN-ɣ were found to be
decreased. (Cheung et al. 2012) The
results from this study (and others)
show that investigation of inflamma-
tory processes in the diabetic eye using
AH samples is a feasible approach, and
confirmation of the robustness of aque-
ous sampling in terms of achieved
results would be important as less
invasive then vitreous sampling.
Although both AH and vitreous
sampling are invasive techniques, AH
sampling has a very limited risk to the
intraocular tissues. As consequence,
AH sampling may be justified to be

Table 2. Fluorescence intensities as determined by glass chip array analysis in diabetics versus

controls.

Cytokine

Controls (N = 12) Diabetics (N = 23)
ANOVA

Mean SD Mean SD p-value*

GMCSF 128.3 245.0 580.3 862.8 0.09

IFN-c 154.8 324.0 567.0 260.3 <0.001

IL-1a 310.0 302.6 636.3 609.5 0.09

IL-1b 199.8 385.7 767.7 808.3 0.03

IL-3 880.8 180.6 1155.2 352.2 0.02

IL-6 894.2 625.3 932.3 570.1 0.86

IL-6R 323.2 398.7 540.1 478.8 0.19

IL-8 764.8 563.8 938.0 436.1 0.32

IL-10 135.0 273.8 474.0 452.1 0.02

IL-12p40 338.0 427.5 192.3 470.7 0.37

IL-12p70 226.2 352.8 93.5 255.9 0.21

IL-15 863.3 342.6 958.8 505.8 0.56

IP-10 676.5 529.5 1534.6 995.4 <0.01

MCP-1 6464.3 3517.0 7189.1 4923.0 0.65

MCP-2 30.5 338.1 328.8 360.3 0.02

MCSF 161.1 58.2 360.6 421.8 0.11

MIP-1a 100.5 277.0 326.3 812.5 0.36

MIP-1b 644.5 233.0 595.0 370.0 0.68

MIP-1d 361.8 439.0 421.9 503.7 0.73

RANTES 76.2 135.7 309.2 591.1 0.19

TGF-b1 514.7 522.7 262.0 301.1 0.07

TNF-a 827.5 477.5 1258.9 616.3 0.04

sTNF-RI 283.5 221.0 403.2 461.6 0.40

sTNF-RII 160.3 371.3 481.3 560.2 0.08

GM-CSF, granulocyte–macrophage colony-stimulating factor; IFN, interferon; IL, interleukin;

IP-10, interferon gamma-induced protein 10; MCP, monocyte chemotactic protein; M-CSF,

macrophage colony-stimulating factor; MIP, macrophage inflammatory protein; RANTES,

regulated and normal T cell expressed and secreted; sTNF-R, soluble tumour necrosis factor

receptor; TNF, tumour necrosis factor; SD, standard deviation. Bold characters indicate

significant results.

* In bold character ANOVA p-value statistically significant after Benjamini–Hochberg procedure

with false discovery rate (FDR) = 10%.
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used to characterize the intraocular
phenotype in diabetic eyes.

Histopathological and morphologi-
cal studies evidenced RGC involve-
ment (in particular microglia) in
animal models and humans with DR.
In a rat model of DM, RGC density
was increased, and changes in cellular
morphology indicated that the micro-
glia was activated. (Zeng et al. 2000) In
human histopathological and clinical

studies, an increase in number of
microglia cells (or cells aggregate) in
the retina was reported. Zeng et al.
showed on histopathology a moderate
increase in number of perivascular
microglia cells with hypertrophy in all
retinal layers in background DR. (Zeng
et al. 2008) Vujosevic et al. showed, in
a clinical study using SD-OCT, that
eyes with DM had an increased num-
ber of hyperreflective spots compared

to controls, in inner and outer retina,
and this number increased as DR
progressed. The hyperreflective spots
were believed to correspond to aggre-
gates of activated microglia which
migrate from inner to outer retina.
(Vujosevic et al. 2013) Moreover, a
significant increase in the thickness of
the inner nuclear layer, mostly com-
posed by the nuclei of bipolar and
M€uller cells (with consequent activation
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Fig. 1. Volcano plots showing logarithm of fold changes of cytokine expression in the aqueous humour versus negative logarithm of statistical

significance (p-values) in patients with (A), diabetes mellitus (both without and with diabetic retinopathy) versus controls; (B), diabetes mellitus and

no diabetic retinopathy versus controls; (C), diabetes mellitus and diabetic retinopathy versus controls; and (D), diabetes mellitus and diabetic

retinopathy versus diabetes mellitus without diabetic retinopathy.
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due to hypertrophy of M€uller cells),
was described in patients with non-
proliferative DR. (Vujosevic & Midena
2013) Further clinical investigation
into the role of RGC in DR is therefore
warranted.

In this study, a significant increase in
the cytokines produced by the RGC
would confirm the key role of these
cells, not only in the presence of
microvascular lesions, but also in the
preclinical stage of DR. For this rea-
son, RGC activation would entail the
triggering of the inflammatory process
responsible for retinal damage, both
vascular and nervous, confirming again
the central role of these cells in the
pathogenic process of DR.

A strength of the present study there-
fore lies in its search for inflammatory
biomarkers of RGC origin in the AH
from the earliest stages of DM.
Moreover, the fact that there was no
significant difference in total protein
concentration in the AH among all
three examined groups suggests that
the increase in RGC-specific proteins
depends on posterior–anterior flow of

these proteins from the posterior (where
they are released) to the anterior cham-
ber. (Inoue et al. 1994) One of themajor
limitations of this study is the relatively
small number of enrolled patients.
Because of the small patient population,
statistical significance was not reached
(although absolute numbers were
increased or decreased) for some cytoki-
nes, whose expression has already been
shown to be altered in DR. These
include increases in TNF-a and MIP-
1a, and decrease in TGF-b, a potent
neuroprotective factor even in diabetics
without DR. (Bringmann et al. 2009).

Recently, there is a growing body of
scientific evidence that activated reti-
nal microglia cells show different phe-
notypes (with either inflammatory
or anti-inflammatory response) poten-
tially regulated by different gene
expression. (Grigsby et al. 2014;
Karlstetter et al. 2015) Treatments that
target RGC may reduce the release of
several pro-inflammatory cytokines, as
well as suppress microglial activation,
proliferation and migration, and may
protect against microglia-mediated

neurotoxicity. (Karlstetter et al. 2011;
Scott et al. 2014; Karlstetter et al.
2015) In this way, a delay in onset or
improvement of DRmight be obtained.

In conclusion, the analysis of AH
samples using a proteomic approach
shows that patients with DM have an
increase in RGC-related inflammatory
profile when compared to normal sub-
jects. Hyperglycaemia leads to early
activation of RGC in the retina. These
cells release specific mediators that can
be detected in the AH. The small
sample size of the present study
requires confirmation in a larger series
of patients. Notwithstanding, these
differences in the expression profile
might help in identifying new DR
phenotypes, with potential for more
personalized follow-up and treatment
of diabetes-related retinal changes.
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