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Purpose: To evaluate the feasibility of using the Proximity Extension Assay (PEA)
platform to detect biomarkers in vitreous and to compare the findings with results
obtained with an electrochemiluminescent (ECL) sandwich immunoassay.

Methods: Vitreous samples from patients with proliferative diabetic retinopathy (PDR)
and non-diabetic controls were tested using two different proteomics platforms. Forty-
one assayswere completedwith the ECL platform and 459with the PEAplatform. Spear-
man’s rank correlation coefficient (rs) was used to determine the direction and strength
of the relationship between protein levels detected by both platforms.

Results:Threehundred sixty-six PEAassaysdetected the testedprotein in at least 25%of
samples, and the difference in protein abundance between PDR and controls was statis-
tically significant for 262 assays. Seventeen ECL assays yielded a detection rate ≥ 25%,
and the difference in protein concentration between PDR and controls was statistically
significant for 13 proteins. There was a subset of proteins that were detected by both
platforms, and for those the Spearman’s correlation coefficient was higher than 0.8.

Conclusions:PEA is suitable for the analysis of vitreous samples, showing a strong corre-
lationwith the ECLplatform. Thedetection rateof PEApanelswashigher than thepanels
tested with ECL. The levels of several proinflammatory and angiogenic cytokines were
significantly higher in PDR vitreous compared to controls.

Translational Relevance: This study provides new information on the yields of small-
volume assays that can detect proteins of interest in ocular specimens, and it identifies
patterns of cytokine dysregulation in PDR.

Introduction

Vitreous is a gel matrix consisting mainly of water,
collagen, and hyaluronan that fills approximately 80%
of the eye structure and is surrounded by the retina,
ciliary body, and lens.1–3 The levels of proinflammatory
cytokines and proteins are increased in the vitreous in

a number of uveal and retinal disorders, and that can
play a role in the pathogenesis of many retinal diseases,
including proliferative diabetic retinopathy (PDR).4–8

The proximity of human vitreous to the retina
makes it a useful source of biomarkers for retinal
conditions, but research has been limited by the diffi-
culty in obtaining and processing adequate volumes
of vitreous samples. Traditional singleplex enzyme-
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linked immunosorbent assays (ELISAs) measure a
colored or fluorescent product generated by enzymes
employed to show antigen–antibody reactions and
can be very accurate, such that characterization of a
single analyte is sufficient, but they are impractical for
biomarker screening.9,10 More recently, novel multi-
plexing technologies have been developed for the detec-
tion of several proteins in small volumes of biospeci-
mens.11–13 Multiplexing techniques are commonly used
to detect biomarkers in serum and plasma.14 Inter-
actions between different biofluid matrices and multi-
plexed analytical methods can interfere with the detec-
tion rates of many cytokines15,16; thus, it is important
to know how these new technologies perform on other
biofluids such as the vitreous.

We have previously reported the successful use of an
electrochemiluminescent (ECL) sandwich immunoas-
say (Meso Scale Discovery, MSD) to detect potential
biomarkers in the human vitreous.17 More recently,
a new platform based on Proximity Extension Assay
(PEA) has been demonstrated to be a useful resource
for biomarker screening and target discovery, allow-
ing a higher level of multiplexing for the detection of
hundreds of proteins of interest using minute volumes
of biofluids.18–20 The purpose of this study was to
evaluate for the first time, to the best of our knowledge,
the feasibility of using PEA on vitreous gel samples
from patients with and without diabetic retinopathy
and to compare the findings with the results obtained
with an ECL sandwich immunoassay.

Methods

This study was approved by the Human Research
Protection Program at the University of California,
San Francisco (UCSF) and adhered to the tenets of the
Declaration of Helsinki. Twenty diabetic patients with
PDR and 17 nondiabetic controls undergoing primary
pars plana vitrectomy at UCSF Medical Center
and Zuckerberg San Francisco General Hospital and
Trauma Center from October 2016 to June 2018 were
recruited. Patients were ineligible if they had a history
of prior vitrectomy, rhegmatogenous retinal detach-
ment, retinal vascular occlusion, uveitis, advanced
glaucoma, complicated anterior segment surgery, or
trauma. Clinical characteristics were collected from the
medical record, including history of cataract surgery,
recent intravitreal injection of anti-vascular endothelial
growth factor (VEGF) agents (within the last 90 days),
and prior panretinal photocoagulation.

Vitreous samples were collected during vitrectomy
surgery. Before fluid infusion was turned on, a nondi-

lute sample of vitreous was obtained with the vitreous
cutter using 25- or 27-gauge vitrectomy. All samples
were immediately flash frozen and stored at –80°C.
ECL sandwich multiplex immunoassay was performed
on vitreous samples according to the manufacturer’s
protocol using the MSD V-PLEX Human Biomarker
Kit (Meso Scale Discovery, Rockville, MD) consisting
of five multiplex panels: proinflammatory, cytokine,
chemokine, angiogenesis, and vascular injury. All of
the assays in the panels are calibrated against a refer-
ence calibrator, and the concentration results are given
in pg/mL. For the purpose of statistical analyses, as
a conservative approach the zero values were treated
as the value of the minimum reportable concen-
tration (MRC). The PEA was performed on vitre-
ous samples by Olink Proteomics (Uppsala, Sweden)
using the Human Olink Platform, consisting of five
panels: cardiometabolic, cell regulation, development,
immuno-oncology, and inflammation. Raw values were
normalized for variation using internal and external
controls and were converted into normalized protein
expression units (NPX), which are arbitrary units on
a logarithmic scale, allowing for the relative quantifi-
cation of proteins. For correlation against ECL values,
which are linear, the PEA NPX values, which are in a
log2 format, were linearized according to the manufac-
turer’s instructions using the equation 2NPX = linear
NPX.

Prism 8.3 (GraphPad Software, SanDiego, CA) and
the MULTTEST procedure in SAS 9.4 (SAS Institute,
Cary, NC) were used to perform statistical analyses and
plot correlation graphs. The difference in sex distribu-
tion and lens status was calculated with Fisher’s exact
test. The difference in age was compared with Student’s
t-test. The Spearman’s rank correlation coefficient (rs)
was used to determine the direction and the strength
of the relationship between platforms for proteins that
were detected in at least 70% of the samples by both
platforms. In order to test whether the correlation
was statistically significant for each protein, a P value
for testing correlation coefficient > 0 was calculated
based on a t-distribution. For each platform (ECL or
PEA) and each protein, the mean difference (PDR vs.
control) was compared using two-sample t-tests assum-
ing unequal variance between the comparison groups.
Due to skewness in the ECL values, natural log trans-
formation was used before the analysis and, for PEA,
NPX values were used for the comparative analysis.
For certain proteins, mostly in the control group, all
values were at MRCs, reflecting zero variability within
the group. The proteins with all values at the MRC
were excluded from analysis. Due to the large number
of proteins assessed, P values controlled by the false
discovery rate (FDR-P) were calculated by adjusting
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Table 1. Patient Characteristics

PDR (n = 20) Control (n = 17) P

Age, y <0.0001a

Mean ± SD (range) 50.56 ± 10.08 (26–77) 65.77 ± 7.50 (53–78)
Median (IQR) 51.27 (46.6–55.5) 64.42 (59.5–71.6)

Sex, n 0.008b

Female 4 11
Male 16 6

Lens status, n 0.069b

Phakic 17 9
Pseudophakic 3 8

Indication for vitrectomy, n N/A
ERM — 8
Macular hole — 4
VMA — 1
Vitreous floaters — 4
VH 9 —
TRD 7 —
TRD + VH 3 —
NVI 1 —

Hemoglobin A1c, % N/A
Mean ± SD (range) 8.2 ± 2.2 (5.4–12) —
Median (IQR) 8.0 (6.1–10) —

Recent intravitreal injection (within 90 days), n 8c — —
History of PRP, n 11 — —

SD, standard deviation; IQR, interquartile range; ERM, epiretinal membrane; VMA, vitreomacular adhesion; VH, vitreous
hemorrhage; TRD, traction retinal detachment; NVI, neovascularization of the iris; PRP, panretinal photocoagulation.

aStudent’s t-test.
bFisher’s exact test.
cRecent intravitreal injections included anti-VEGF medications in seven eyes and triamcinolone acetonide in one eye.

P values using the linear step-up method of Benjamini
and Hochberg.21 A statistically significant difference in
the level of a protein was defined by a FDR-P < 0.05.
The resulted mean difference (PDR vs. control), its
95% confidence interval, and the corresponding FDR-
P values were calculated.

Results

Vitreous samples were collected from diabetic PDR
patients (n = 20) and nondiabetic controls (n = 17)
(Table 1). All subjects were able to provide a sufficient
volume of specimen for analysis. Vitreous was analyzed
using assays from the ECL and PEA platforms. Each
assay measures one protein. A total of 41 assays from
five panels were completed with the ECL platform, and
459 assays from five panels were completed with the
PEA platform. Due to panel overlap, some proteins

were detected by more than one panel within the same
platform; for example, IL-8 was tested by two PEA
panels (inflammation and immuno-oncology) and two
ECL panels (proinflammatory and chemokine). The
sensitivity and dynamic range of detection of each
cytokine may vary depending on the main purpose of
each commercially available panel; therefore, the results
of each panel were presented separately and analyzed
as independent variables (Table 2).

Using the PEA platform, 93 protein assays yielded
a detection rate lower than 25%, meaning that for
those 93 proteins more than 75% of the tested samples
yielded undetectable values. Thus, the other 366 assays
yielded detectable results in at least 25% of the samples.
The difference between PDR and non-diabetics was
statistically significant for 262 assays (Supplementary
Table S1) based on FDR-controlled P values at the
5% level. The vast majority of those proteins (259)
were elevated in PDR samples relative to non-diabetic
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Table 2. Detection Rate for Proteins Identified
in Human Vitreous Specimens Using ECL and PEA
Platforms

ECL PEA

Detection (%) Detection (%)

Protein Panel Control PDR Panel Control PDR

Eotaxin CH 0.0 0.0 IN 100.0 100.0
FGF2 AN 20.0 7.1 IO 23.5 5.0
ICAM-1 VI 100.0 100.0 CM 70.6 100.0
IFN-γ PI 0.0 0.0 IO 11.8 5.0

IN 0.0 0.0
IL-1α CY 11.8 25.0 IO 0.0 0.0

IN 0.0 0.0
IL-2 PI 0.0 5.0 IO 0.0 10.0

IN 0.0 0.0
IL-4 PI 0.0 5.0 IO 17.6 15.0

IN 5.9 5.0
IL-5 CY 0.0 0.0 IO 0.0 0.0

IN 0.0 0.0
IL-6 PI 94.1 100.0 IO 100.0 100.0

IN 100.0 100.0
IL-7 CY 100.0 100.0 IO 100.0 100.0

IN 100.0 100.0
IL8 CH 0.0 5.3 IO 100.0 100.0

PI 100.0 100.0 IN 100.0 100.0
IL-10 PI 0.0 5.0 IO 11.8 5.0

IN 0.0 25.0
IL-12p40 CY 94.1 100.0 IN 100.0 100.0
IL-12p70 PI 0.0 0.0 IO 100.0 100.0
IL-13 PI 0.0 0.0 IO 5.9 5.0

IN 5.9 5.0
IL-17A CY 0.0 0.0 IN 17.6 25.0
IP-10 CH 100.0 100.0 IO 100.0 100.0

IN 100.0 100.0
MCP-1 CH 100.0 100.0 IO 100.0 100.0

IN 100.0 100.0
MCP-4 CH 0.0 10.5 IO 100.0 100.0

IN 5.9 45.0
MIP-1α CH 0.0 10.5 IO 100.0 100.0

IN 100.0 100.0
MIP-1β CH 100.0 100.0 IO 100.0 100.0

IN 100.0 100.0
PGF AN 0.0 100.0 IO 100.0 100.0
TARC CH 0.0 42.1 IO 100.0 100.0
Tie-2 AN 0.0 0.0 IO 100.0 100.0
TNF-α PI 0.0 30.0 IO 0.0 0.0

IN 5.9 5.0
TNF-β CY 0.0 5.0 IN 76.5 95.0

Table 2. Continued

ECL PEA

Detection (%) Detection (%)

Protein Panel Control PDR Panel Control PDR

VCAM-1 VI 70.6 94.7 CM 23.5 50.0
AN 26.7 100.0 IO 100.0 100.0

VEGF-A CY 6.3 90.0 IN 100.0 100.0
VEGF-C AN 6.7 7.1 IO 94.1 95.0
VEGF-D AN 0.0 35.7 CR 88.2 100.0

FGF2, fibroblast growth factor 2; ICAM-1, intercellular
adhesion molecule 1; IFN-γ , interferon gamma; IL-1α, inter-
leukin 1 alpha; IP-10, IFN-γ -induced protein 10; MCP-1,
monocyte chemoattractant protein-1; MIP-1α, macrophage
inflammatory protein 1 alpha; PGF, placental growth factor;
TARC, thymus and activation-regulated chemokine; Tie2,
tyrosine kinase receptor; TNF-α, tumor necrosis factor alpha;
VCAM-1, vascular cell adhesion molecule 1; VEGF-A, vascular
endothelial growth factor A. Panels: CH, chemokine (control,
n = 17; diabetic, n = 19); AN, angiogenesis (control, n = 15;
diabetic, n = 14); VI, vascular injury (control, n = 17; diabetic,
n= 19); PI, proinflammatory (control,n= 17; diabetic, n= 20);
CY, cytokine (control, n = 17; diabetic, n = 20); IN, inflamma-
tion (control, n = 17; diabetic, n = 20); IO, immuno-oncology
(control, n = 17; diabetic, n = 20); CM, cardiometabolic
(control, n = 17; diabetic, n = 20); CR, cell regulation (control,
n = 17; diabetic, n = 19).

control samples. Only three proteins were significantly
more abundant in control samples (interleukin 13
receptor, arylsulfatase B, and pleiotrophin).

Figure 1 provides a forest plot of the mean differ-
ences between the PDR and control groups for the
top proteins tested with the PEA platform, ranked by
magnitude of difference. For all proteins with FDR-P
< 0.05, data are presented in Supplementary Table S1.
Seventeen ECL assays yielded a detection rate equal or
greater than 25%, and 24 assays yielded a detection rate
lower than 25%. The difference between the PDR and
non-diabetic groups was statistically significant for 13
proteins (all elevated in PDR samples) based on FDR-
controlled P values at the 5% level. A forest plot of the
statistically significant results from the ECL platform
is presented in Figure 2.

Thirty proteins were measured by both platforms.
The detection rates of those analytes and the number
of vitreous samples that passed on quality control in
each panel are presented in Table 2.

Spearman’s correlation scatterplots are presented
for the proteins that were detected by both technolo-
gies in at least 70% of the samples (Fig. 3).
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Figure1. Forest plot ofmeandifferencebetween thePDRandcontrol groups andcorresponding95%confidence intervals (CIs) for proteins
identified in vitreous specimens using the PEA platform. Protein levels aremeasured in NPX units. Results are ranked bymagnitude of differ-
ence for selected top 13 proteins with FDR-P< 0.05. Unequal variance by group (PDR vs. control) was used for calculating the t-test statistic.
Assay panels: IO, immuno-oncology (control, n= 17; PDR, n= 20); IN, inflammation (control, n= 17; PDR, n= 20); DE, development (control,
n = 17; PDR, n = 20). Protein levels were higher in the vitreous of diabetic patients with proliferative diabetic retinopathy when compared
to non-diabetic controls, suggesting potential vitreous biomarkers for diabetic retinopathy.

Discussion

In the present study, we show for the first time, to the
best of our knowledge, the ability of PEA to detect the
abundance of several proteins in human vitreous and
how the results correlate with those of ECL multiplex
assays. We also show what proteins were adequately
detected, and we present the top significant discover-
ies when comparing the vitreous of PDR and control
patients in each of the platforms.

Vascular endothelial growth factor was one of the
first diffusible angiogenic proteins to be detected at
high levels in the vitreous of eyes with ischemic retinas
and to be identified as a contributor to neovascular-
ization of the retina, optic nerve, and iris.22 It became
a crucial therapeutic target, and, since 2004, intravit-
real injections of anti-VEGF drugs have become a very

common clinic-based treatment for a variety of exuda-
tive retinal diseases.23 Although anti-VEGF drugs were
a major breakthrough in the treatment of exudative
retinal diseases, there is a great need to find new thera-
peutic targets because some patients exhibit a poor
response or experience a loss of efficacy after repeated
administration of anti-VEGF agents over time.24

When searching for new biological markers
and drug targets in biological fluids, multiplexed
immunoassays are often preferred over single-analyte
ELISAs because they allow the screening of several
proteins at once in a small volume of biological
fluid. The ECL sandwich immunoassay platform uses
plate-based capture antibodies, coated on up to 10
independent spots per well, allowing for multiplexing
of up to 10 protein targets per panel (Fig. 4). Instead of
detecting colorimetric substrates, which are common
in ELISAs, the ECL platform uses secondary detec-
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Figure2. Forest plot ofmeandifferencesbetween thePDRandcontrol groups andcorresponding95%CIs for proteins identified in vitreous
specimens using the ECL platform. Results are ranked by magnitude of difference for selected proteins with FDR-P < 0.05. Natural log-
transformed values of protein levels are in pg/mL. Unequal variance by group (PDR vs. control) was used for calculating the t-test statistic.
Assay panels: PI, proinflammatory (control, n= 17; PDR, n= 20); CY, cytokine (control, n= 17; PDR, n= 20); CH, chemokine (control, n= 17;
PDR, n= 19); VI, vascular injury (control, n= 17; PDR, n= 19). Protein levels were higher in the vitreous of diabetic patients with proliferative
diabetic retinopathy when compared to non-diabetic controls, suggesting potential vitreous biomarkers for diabetic retinopathy.

tion antibodies conjugated to electrochemiluminescent
labels that emit light when electricity is applied to the
working electrodes. By not relying on colorimetric
substrates, the ECL platform has improved repro-
ducibility, and the application of multiple electrical
excitation cycles amplifies the light intensity for lower
protein levels, increasing the sensitivity of the assay.25
Each panel uses 25 μL of sample per replicate and
yields absolute values of protein content in pg/mL.

Compared to the ECL platform, the PEA platform
offers the advantage of measuringmanymore proteins,
up to 92 per panel, using a very low volume of
sample (1 μL). Instead of using one capture and one
electrochemiluminescent-labeled detection antibody,
the PEA technology utilizes a pair of antibodies conju-
gated to complementary sequences of DNA oligonu-
cleotides, also known as proximity probes (Fig. 4).
The antibodies target epitopes on the same protein of
interest, and after binding to their respective targets

the attached probes are brought into proximity and
hybridize. The oligonucleotides are then extended by
a DNA polymerase and form a unique polymerase
(PCR) amplicon that can be quantified using quanti-
tative real-time PCR (qPCR). The PCR-based ampli-
fication step is the key step that allows the method to
utilize an exceptionally low volume of sample for each
panel. Another main advantage is that the proximity
probes only anneal if both antibodies are bound to the
same protein; thus, cross-reactive antibody events are
unlikely to lead to amplification, which should reduce
the occurrence of false positives. PEAhas been success-
fully used to detect plasma biomarkers for cancer and
cardiovascular diseases.26–28

According to both manufacturers, more than 80%
of the assays are expected to detect proteins on
ethylenediaminetetraacetic acid-treated plasma from
healthy donors. In our study, using the PEA platform,
79.7% of the assays were able to detect proteins in at
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Figure 3. Scatterplot of Spearman’s correlation between PEA and ECL platforms for proteins detected in at least 70% of specimens. Y-axis:
protein levels measured with the PEA platform, in linear normalized protein expression (NPX) units; X-axis: protein levels measured with the
ECL platform, in pg/mL. ECL assay panels in parentheses: PI, proinflammatory (control, n = 17; PDR, n = 20); CY, cytokine (control, n = 17;
PDR, n = 20); CH, chemokine (control, n = 17; PDR, n = 19); VI, vascular injury (control, n = 17; PDR, n = 19). Controls (open circles) and PDR
(closed triangles). Regardless of the platform panel, there is a strong correlation (Spearman’s coefficient rs > 0.8, P< 0.001) between protein
levels detected by assays from both platforms.
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Figure 4. Illustration of assay mechanisms for the ECL and PEA platforms. ECL is a plate-based technology, and currently up to 10 proteins
can be measure per panel. The PEA platform uses qPCR technology to detect protein abundance levels and can measure up to 92 proteins
per panel.

least 25% of the vitreous samples, whereas only 41.5%
of the ECL assays detected proteins in more than
25% of the vitreous samples. These lower detectability
rates compared to those reported for plasma may have
resulted from differences in protein abundance between
plasma and vitreous and the non-specific background.
Also, interactions between the matrix and multiplexed
analytical methods can interfere with the detection
rates of many cytokines.15,29 The amplification step
and qPCR-based detection method incorporated in
the PEA platform may explain the higher detection
rates in vitreous samples with low protein abundance
when compared to the ECL platform. Out of the 30
proteins measured by both platforms, the ECL assays
showed a better detection rate for interleukin 1 alpha
(IL-1α), tumor necrosis factor alpha (TNF-α), inter-
cellular adhesion molecule 1 (ICAM-1), and vascu-
lar cell adhesion molecule 1 (VCAM-1). In contrast,
the PEA assays showed a better detection rate for
eotaxin, fibroblast growth factor 2 (FGF2), interferon
gamma (IFN-γ ), IL-2, IL-4, IL-6, IL-10, IL-12p40,
IL-12p70, IL-13, IL-17α, monocyte chemoattractant
protein-4 (MCP-4), macrophage inflammatory protein
1 alpha (MIP-1α), placental growth factor (PGF),
thymus and activation-regulated chemokine (TARC),
tyrosine kinase receptor (Tie2), tumor necrosis factor
beta (TNF-β), VEGF-A, VEGF-C, and VEGF-D.
Neither platform detected IL-5 in the vitreous samples.

Analytes that have a very high abundance in human
plasma, such as C-reactive protein (CRP), are not
currently offered on PEA panels, possibly because they
would require further dilution, making it difficult to
multiplex with other less abundant analytes using PEA
technology. CRP is present on the ECL vascular injury

panel, and it was detected in 86.1% of the vitreous
samples. Other PEA limitations include the arbitrary
unit and relative quantification of proteins normal-
ized to internal and external controls. Also, differences
in data processing can affect intersite replicability and
lead to inconsistencies among reported findings.25

For proteins that were well detected by both
platforms, our results show a strong correlation
between protein levels in the respective assays. The
correlation was strong (rs higher than 0.8) even when
analyzing only samples from the PDR group separately
(data not shown). This finding suggests that, despite
the difference in the unit of measurement, the results
of both platforms can be compared when studying the
vitreous of control and diabetic populations by using
rank values.

In our study, when comparing PDR with controls,
we found several proteins that showed a statistically
significant difference, and we used the Benjamini–
Hochberg FDR correction to limit false discover-
ies.21,30 Breakdown of the blood–retinal barrier is
common in diabetic retinopathy, and vitreous hemor-
rhage was present in some samples of the PDR group.
Both alterations may explain the overall higher levels
of proteins detected in the vitreous of the PDR
group.31–34 One of the top proteins on the PEA
discovery list is PGF, a well-studied angiogenic growth
factor and homolog of VEGF. Recently, Kahtani and
colleagues35 reported a strong correlation for PGF
levels with PDR status, with significantly higher levels
of PGF being detected in the vitreous of patients with
active PDR.

VEGF-A presented the highest magnitude of differ-
ence between control and PDR samples with the ECL
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platform. That difference was likely muted because,
within the PDR group, 35% of the patients (n = 7)
had received an intravitreal injection of anti-VEGF
therapy (bevacizumab) within the 3 months preced-
ing the vitreous collection. Bevacizumab is a human-
ized monoclonal antibody that binds to all isoforms
of VEGF-A. The half-life of bevacizumab in animal
model eyes is 4.32 days, but it has been reported that
concentrations of >10 μg/mL bevacizumab can be
maintained in the vitreous humor for 30 days.36

Monocyte chemoattractant protein-1 (MCP-1) is
one of the proteins with significant difference detected
by our ECL and PEA assays. It is a proinflamma-
tory cytokine known for recruiting monocytes and
macrophages. Through their research studying the
vitreous concentration of four cytokines (MCP-1,
IL-6, IL-8, and VEGF) using a cytometric bead array,
Yoshida and colleagues37 suggested that high levels
of MCP-1 can be an important contributing factor to
postoperative diabetic macular edema in vitrectomized
eyes.

IL-8 was present in the top three ranks of both
ECL and PEA forest plots. Higher levels of IL-8 were
detected in vitreous from diabetic patients compared
to control. IL-8 is a proinflammatory cytokine released
from retinal endothelial and glial cells in response
to hypoxia and is involved in inflammation-mediated
angiogenesis. High levels of IL-8 have been previously
reported in the vitreous of diabetic patients and have
been related to subretinal fluid formation and poor
visual outcome after vitrectomy.38,39

This study has some limitations with regard to
comparing the diabetic and non-diabetic control
samples, as they were not perfectly matched for age and
sex. Vitreous structure changes with aging. There is an
increase in liquefaction and fiber aggregation, and the
vitreous protein content may vary reflecting underlying
vitreoretinal diseases that are more common in older
age.40–44

The presence and severity of PDR are more associ-
ated with male sex,45 and the mean age of the controls
was greater than that of diabetic PDRpatients, because
the indications for vitrectomy in controls predomi-
nantly affect older patients. Further studies may use
PEA to investigate the proteomic composition of
the vitreous among groups of patients with diabetic
retinopathy at different stages and compared to age-
and sex-matched controls.

In summary, our results suggest that the PEA
platform is suitable for the analysis of vitreous samples,
and it showed a strong correlation with the ECL
platform for proteins that were well detected by both
platforms. The detection rate of the tested PEA panels
was higher than the panels tested with the ECL

platform for vitreous samples from the diabetic and
control groups. The levels of several proinflammatory
and angiogenic cytokines were significantly higher in
the vitreous of diabetic patients compared to controls.
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