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Abstract: Inflammation is key to the pathogenesis of diabetic retinopathy (DR). This prospective study
investigated alterations in inflammatory cytokines in peripheral blood mononuclear cells (PBMCs) in
41 people with type 1 diabetes (T1D), sub-grouped into mild non-proliferative DR (mNPDR; n = 13)
and active and inactive (each n = 14) PDR. Age/gender-matched healthy controls (n = 13) were
included. PBMCs were isolated from blood samples. Intracellular cytokine expression by PBMCs
after 16-h stimulation (either E. coli lipopolysaccharide (LPS), phorbol 12-myristate 13-acetate plus
ionomycin, D-glucose or D-mannitol) were assessed by flow cytometry. Cytokine production in
plasma, non-stimulated and LPS-stimulated PBMC supernatant was also assessed. Increased BMC
IL-10 secretion and reduced expression of IL-6 and IFN-y in CD3™ cells were observed in mNPDR.
Reduced IL-6 and IL-10 secretion, and higher levels of intracellular IL-6 expression, especially in
CD11b* PBMCs, was detected in aPDR; levels were positively correlated with DR duration. Patients
with T1D demonstrated increased intracellular expression of IL-17A in myeloid cells and reduced
IFN-y expression in CD3™ cells. Plasma levels of IL-1R1 were increased in mNPDR compared with
controls. Results suggest that elevated PBMC-released IL-10, IL-6, in particular myeloid-produced
IL-17A, may be involved in early stages of DR. IL-6-producing myeloid cells may play a role in PDR
development.

Keywords: type 1 diabetes; diabetic retinopathy; peripheral blood mononuclear cells; plasma; flow
cytometry; intracellular cytokines

1. Introduction

Diabetic retinopathy (DR) is one of the most prevalent diabetic complications and
a leading contributor to vision loss and blindness in the adult working population [1,2].
The detailed pathogenesis of DR is unclear, but it is accepted that inflammation is a key
contributory factor to its multifactorial pathology [3-5]. This is supported by overwhelming
evidence wherein infiltrating leukocytes, including peripheral blood mononuclear cells
(PBMCs) and the cytokines which they release, are involved in DR pathological changes
including increased leukostasis, capillary degeneration, neurodegeneration, vascular per-
meability and atypical immune responses [3-9].

Cytokines are a class of proteins produced by different types of cells—mostly leuko-
cytes either constitutively or after activation; they function as molecular mediators of the
innate and adaptive immunities, typically serving as intermediaries within and between
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these subsystems. The families of cytokines include chemokines which induce chemotaxis;
interleukins (including most lymphokines) which perform various functions including
maturation and proliferation of immune cells; interferons which function mainly to re-
solve pathogenic presence; as well as the tumor necrosis factor (TNF-o) family which
regulates immune cell functions [10,11]. Various cytokines have been implicated in DR
pathophysiology, as high concentrations of leukocyte-derived cytokines and growth factors
including IL-13, TNF-c, IL-1, IL-2, IL-6 and IL-8 have been reported in the vitreous humor,
serum and plasma of DR patients [12-16]. In diabetes, a hyperglycemic microenvironment
inundated with dysregulated cytokine secretion and expression is a recipe for low-grade
cellular activation and inflammation (parainflammation) that may persist to prompt the
onset of diabetic complications, including DR and its progression [17,18].

We previously reported that DR in type-1-diabetes (T1D) is associated with increased
innate and reduced adaptive cellular immunity [19]. Despite such altered immunopheno-
type, we lack detailed information on how PBMC-cytokine production is altered in people
with T1D at different stages of DR (early and advanced). In this follow-up study, we investi-
gated whether cytokine production and secretion profiles of innate (CD11b* /myeloid cells)
and adaptive (CD3") peripheral blood immune cells are dysregulated in people with T1D
with DR. Furthermore, we investigated whether PBMC cytokine secretion and expression
is altered due to treatment in patients with advanced DR (proliferative diabetic retinopathy
(PDR)). Uncovering this information is critical, not only to improve our understanding of
DR pathophysiology, but also to design more effective therapies capable of normalizing the
altered immune response underpinning DR. Furthermore, an association between diabetes’
duration and DR initiation and progression has been established [20-24], but the potential
relationship between diabetes’ standing and specific PBMC-expressed, PBMC-secreted
and/or plasma-expressed cytokine biomarkers have not been investigated in people with
T1D with DR.

Thus, herein, we determine cytokine secretion and expression profiles of different
subsets of PBMCs under normal and stimulatory culture conditions as well as the plasma
cytokine profiles in patients with T1D and early and advanced DR and sought to understand
whether these relate to diabetes” duration. The stimulatory conditions included (1) high
glucose (HG) to mimic hyperglycemia, (2) mannitol to mimic hypertonicity and serve as
osmotic control for HG, (3) phorbol myristate acetate (PMA) and Ionomycin to mimic
inflammatory conditions and (4) lipopolysaccharide (LPS) to mimic the endotoxin-induced
inflammatory environment.

2. Materials and Methods
2.1. Study Participants

The study was approved by the Office for Research Ethics Committees Northern
Ireland (ORECNI, Ref: 14/NI/0084) and was conducted in accordance with the Declaration
of Helsinki. All participants were informed about the study and provided written informed
consent prior to their enrolment. Forty-one adults with T1D (Age > 18) were recruited
into three groups: 13 T1D with mild non-proliferative DR (mNPDR), 14 T1D with active
proliferative DR (aPDR) naive to treatment and 14 T1D with PDR that had received laser
PRP and were clinically stable and quiescent afterwards (inactive PDR; iPDR). Thirteen
age- and gender-matched healthy controls were also recruited. The diagnosis of mNPDR,
aPDR, iPDR in T1D and of no DR in healthy controls was made based on clinical history
and clinical examination, including fundus photography. Medical and family history,
current medications, body mass index (BMI) and systolic and diastolic blood pressure
were obtained. Exclusion criteria included history of cardiac disease or malignancy within
the past 5 years; history of inflammatory diseases within the past 2 months; and other
retinal disorders besides DR, active autoimmune disease and history or current use of
immunosuppressive medications or steroids. Pregnant females, people with kidney failure
and incapacity to undertake eye imaging due to any reason were also excluded from
the study.
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2.2. Masking

Researchers who carried out laboratory experiments and analysis were masked to the
origin of the clinical samples to be analyzed (i.e., whether they were coming from healthy
volunteers or from patients with T1D and DR).

2.3. PBMC Isolation, Culture and Supernatant Collection

Venous blood (20 mL) was collected into tubes containing ethylenediaminetetraacetic
acid (ETDA; BD Biosciences, Oxford, UK). Within 3 h of blood collection, PBMC were
isolated by Ficoll-Paque (Histopaque; Sigma-Aldrich, Cambridge, UK) density gradient
centrifugation. The PBMCs were cultured in RPMI 1640 medium containing 10% FCS
and 1% penicillin-streptomycin under normoxia (21% oxygen); and incubated with either
Escherichia coli lipopolysaccharide (LPS; 2.5 ug/mL), or PMA (100 ng/mL) + ionomycin
(1 ug/mL), or 25 mM D-glucose, or 25 mM D-mannitol (all from Sigma—Aldrich(Cambridge,
UK)) for 16 h. The supernatants were collected and stored at —80 °C until analysis.

2.4. Plasma Collection

After blood collection, the plasma was isolated by centrifugation of samples at
1200 rpm for 10 min at room temperature (RT). The plasma fraction was centrifuged again
at 3000 rpm for 15 min at RT to pellet any residual cells and platelets. The samples were
aliquoted and stored at —80 °C until analysis.

2.5. Protein Measurements in Plasma and PBMC Culture Supernatant

Soluble CD121a (sCD121a), IL-6, IL-8 and MCP-1 expression in plasma, and expression
of cytokines: IL-1«, IL-1f3, IL-6, IL-8, IL-10, IL-17A, IFN-y, MCP-1 and TNF-« in culture
supernatants of PBMCs with or without LPS stimulation were measured using Cytometric
Bead Array Human Soluble Protein Detection Kit (CBA; BD Biosciences) per the manu-
facturer’s instructions. Briefly, capture beads coated with anti-cytokine antibodies were
mixed and incubated with plasma or PBMC supernatant or standards in round bottom
96-well plates (Nunc; Thermo Scientific, Leicestershire, UK) for 1 h at RT in the dark.
This was followed by an additional 2 h of incubation with phycoerythrin (PE)-conjugated
anti-cytokine detection reagent at RT in the dark. The samples were washed, and the bead
pellets were re-suspended in washing buffer. The resuspended samples were then run on
a flow cytometer (FACS Canto II; BD Biosciences) that was equipped with BD Diva soft-
ware. Collected data were subsequently analyzed using BD FCAP Array software version 3
(BD Biosciences). The total protein concentration per sample was measured using a Pierce
BCA protein assay kit (Thermo Fisher Scientific, Waltham, MA, USA). The concentration of
each cytokine was normalized to the total protein concentration in supernatant (pg/mg
total protein).

2.6. PBMC Flow Cytometry: Surface Markers and Intracellular Cytokines

PBMCs cultured for 16h with different stimulants as described above were incubated
alongside 1 x monensin (Biolegend UK Ltd. London, UK) for 4 h. Monensin is a protein
transport inhibitor that prevents cytokine secretion, thereby trapping them intracellularly.
PBMCs were washed twice with FACS buffer (300x g, 4 °C for 7 min) and resuspended
at 10 x 10° cells/mL; 20 uL (2 x 10° cells) of single cell suspension were allotted per
FACS tube and incubated with 5 uL Human TruStain FcX (Fc Receptor blocking solution;
BioLegend UK Ltd.) for 5 min at RT.

The cells were then incubated with cell surface fluorochrome-conjugated antibod-
ies (See Table 1) in a total volume of 100 uL. FACS buffer for 30 min in the dark at 4 °C.
Post-fluorochrome staining, cells were washed twice with FACS buffer and then fixed and
permeabilized using the Foxp3 Transcription Factor Staining Buffer Set (eBioscience, San
Diego, CA, USA) according to the manufacturer’s instructions. Samples were then incu-
bated with 5 uL. Human TruStain FcX (Fc Receptor blocking solution; BioLegend UK Ltd.)
followed by incubation with either intracellular cytokine fluorochrome-conjugated antibod-



Cells 2023, 12, 467

40f17

ies or appropriate isotype controls (see Table 1) in a total volume of 100 uL permeabilization
buffer (eBioscience) for 40 min in the dark at 4 °C. Cells were washed and acquired on the
FACSCanto II flow cytometer (BD Biosciences). Data analysis was performed using Flow]o
software version 10.07 for Windows (Tree Star, Ashland, OR, USA).

Table 1. Antibodies for flow cytometry and conditions for immunostaining of peripheral blood
mononuclear cells (PBMC).

Antigen Clone Conjugate Dilution Reactivity Source Catalogue
CD3 UCHT1 FITC 1:40 555332
BD Biosciences
CD11b ICRF44 APC-Cy7 1:40 557754
IL-6 MQ2-13A5 APC 1:40 17-7069-42
- Human eBioscience
IL-17A eBio64CAP17 PE 1:20 12-7178-42
IFN-y 4S.B3 APC-Cy7 1:40 502530
Biolegend
IL-10 JES3-9D7 BV421 1:40 501421
Rat IgG, « RTK2071 BV421 1:40 400429
Mouse IgG, MOPC-21 APC-Cy7 1:40 Biolegend 400127
Isotype control
Mouse IgG, MOPC-21 PE 1:20 400139
Rat IgG, « eBRG1 APC 1:40 eBioscience 17-4301-81

Abbreviations: APC, allophycocyanin; APC-Cy7, allophycocyanin and cyanine 7; BV, brilliant violet; FITC,
fluorescein isothiocyanate; PE, phycoerythrin.

2.7. Flow Cytometry Gating Strategies

Flow cytometry confirmed the depletion of granulocytes in isolated PBMCs (Figure 1a,
right panel). Lymphocytes and myeloid-derived cells were identified by their surface
expression of CD3 or CD11b (Figure 1b) as well as using an FSC vs. SSC dot-plot to gate
on PBMC myeloid cells (Figure 1a, right panel). To analyze the expression of intracellular
cytokine expression, gates of intracellular cytokines (e.g., IL-6, IL-17A, IL-10 and IFN-y)
were set on total live cells (Figure 1c—f), as well as on CD11b* (Figure 1g), PBMC myeloid
cells (Figure 1h—j) and CD3" (Figure 1k-m) based on the appropriate isotype controls.

2.8. Statistical Analyses

Statistical calculations were performed with GraphPad Prism 6 (GraphPad, San Diego,
CA, USA). Normality of continuous variables was determined using D’Agostino—Pearson
omnibus normality test. Comparisons between two normally distributed groups were
carried out using independent samples Student’s ¢-test while the Mann-Whitney test was
used when normality was not confirmed. Linear regression analysis was used to investigate
potential associations between T1D duration and PBMC cytokine expression. Data were
presented as mean =+ standard error of the mean (SEM) in figures and mean =+ standard
deviation (SD) in tables. p values < 0.05 were considered statistically significant.
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Figure 1. Gating strategies used in flow cytometry analysis to identify PBMC subsets and quantitate

cytokine expression. (a,b) Representative data showing PBMC isolation and subsets: (a) Forward
scatter (FSC—A) vs. side-scatter (SSC—A) plot of whole blood before (Left panel) and after PBMC
isolation (Right panel), note absence of polymorphonuclear granulocytes. (b) CD3 vs. CD11b showing

CD3* and CD11b* PBMCs. (c—f) Representative data used to quantitate overall cytokine expression
via cytokine vs. SSC—A plots to indicate the PBMC expression of: (c) IL-6; (d) IL-17A; (e) IL-10 and
(f) IFN-y. (g-i) Representative data used to quantitate cytokine expression in the CD11b* and myeloid
cell subsets of PBMCs via cytokine vs. CD11b* or SSC—A plots: (g) IL-6; (h) IL-17A (Left panel shows
myeloid cell IL-17A expression in contour display while right panel shows IL-17A expression without

isotype control overlay in zebra display) and (i) IL-10. (j—m) Representative data used to quantitate
cytokine expression in the CD3™" subsets of PBMCs via cytokine vs. CD3 plots: (j) IL-6; (k) IL-17A;
(1) IL-10 and (m) IFN-y. Populations in blue color have been stained with isotype controls while

populations in red color have been stained with dye-conjugated antibodies. The gate frequencies

displayed on plots are the percentages of events within each gate.
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3. Results
3.1. Demographics and General Information of Study Participants

We did not find statistically significant differences in demographics (age, gender)
or systolic or diastolic blood pressure (SBP, DBP, respectively), BMI, or family history
of T1D, smoking history, time of blood collection between patients with T1D and DR
and healthy controls. Detailed information on characteristics of the participants has been
published elsewhere [19]. Briefly, females represented 29.6% of the total 54 recruited
subjects, including 12 female with diabetic retinopathy (DR) (22.2% of DR patients) with
a breakdown of 4 with mNPDR (30.8% of mNPDR patients), 5 with inactive DR (35.7%
of iPDR patients), and 3 with active PDR (21.4% of aPDR patients), as well as 4 healthy
female controls (30.8% of healthy controls). The mean age + standard deviation (years) for
all subjects was 47 + 11.7, including 47.8 £ 12.27 for DR patients, 47.8 & 9.2 for mNPDR
patients, 41.9 + 12.5 for iPDR and 53.6 £ 12.4 for aPDR patients, as well as 44.5 & 9.6 for
healthy controls.

3.2. Cytokine Levels in the Plasma in DR and Healthy Controls

sCD121a and MCP-1 were detectable in plasma, while IL-6 and IL-8 were below the
detection limit (10 pg/mL). Evaluation of sCD121a or soluble Interleukin 1 receptor type I
(sIL-1R1) using CBA revealed a significant increment of sCD121a in plasma of T1D DR pa-
tients compared to healthy controls and in mNPDR compared to healthy controls (p = 0.004
and 0.01, respectively, Figure 2). Plasma levels of MCP-1 did not statistically significantly
differ between groups (neither between healthy controls and T1D DR nor between heathy
controls and mNPDR, mNPDR and aPDR or aPDR and iPDR Appendix A Table Al).

Plasma sCD121a (sIL-1R1)

=)
£ 8001
Ee)
£ §8
£ 600- |_‘. |§_‘ o o
> ) o)
k]
g 400_ : ) @ C;D L
N ° 5 5 )
o _
Q 200{: & T i+ %1
s (2% &. .F TF
n
8 o4+
o
& &@:{20‘2' ‘go‘zjgoq' ,\o‘z:goq'
® IS &

Figure 2. sCD121a (sIL-1R1) expression in plasma of DR patients and controls. Results are presented
as mean + SEM. n = 13-14 per group except DR where 11 = 41. § p < 0.05, 55 p < 0.01 in Mann-Whitney
U test.

3.3. Cytokine Levels in PBMCs Supernatants

Levels of IL-1¢, IL-1p3, IL-6, IL-8, IL-10, IL-17A, IFN-y, MCP-1 and TNF-« in super-
natants of PBMC cultured with and without LPS stimulation were measured using CBA.
IL-1«, IL-1p3, IL-6, IL-8, IL-10, MCP-1 and TNF-x were detectable while IL-17A and IFN-y
were below the detection limit (10 pg/mL).

3.3.1. Cytokine Levels in PBMC Supernatants between DR and Healthy Control

PBMC from DR patients secreted significantly higher levels of IL-10 compared to
healthy controls in both the non-stimulated and LPS-stimulated conditions (Table 2). There
was no difference in the levels of other cytokines investigated between DR and healthy
controls (Table 2).
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Table 2. Cytokine levels of supernatants from PBMCs with or without LPS stimulation.
Healthy Controls DR mNPDR aPDR
(n=13) (n=41) (n=13) (n=14)
Variables (pg/g) (Mean + SD)
Base LPS Base LPS Base LPS Base LPS

IL-1a 0+0 27.67 + 2821 1.24 +4.59 37.00 + 42.83 277 +7.14"P 38.78 + 46.35 0+0 39.77 + 36.87
IL1B 28.95 + 49.55 1048 + 561.6 73.07 + 169.3 1052 + 722.7 132.8 + 265.6 1168 + 710.4 25.37 + 67.02 1113 + 698.5
IL-6 846.8 + 852.6 8738 + 2398 1373 + 1677 10417 + 6262 1969 + 1987 10100 + 5556 692.2 + 849.8 *€ 11956 + 5101
IL-8 9693 + 5958 33946 + 8256 10301 + 7148 39609 + 19218 11890 + 7849 39201 + 20382 9044 + 6769 44103 + 16459
IL-10 0+0 41.09 + 25.80 6.956 =+ 15.97 2 121.2 + 143.0 *2 15.1 + 23.25 *bs » 149.7 4 195.9 *P 0.52 + 1.802 1135+ 1152

MCP-1

1868 & 1674

2879 + 1625

3106 + 3716

4288 + 3631

4149 + 4468

4026 £ 3992

1929 + 2076

5326 + 4223

TNEF-«

56.15 £ 61.2

668.0 + 398.2

132.0 +205.1

890.3 £+ 909.2

183.2 4 246.5

853.70 + 580.7

71.41 £154.2

838.4 +831.2

Bold shows statistically significant differences on comparison with another participant group under the same
culture conditions. * p < 0.05 in Independent Samples t-test. 2 HC vs. DR, ® HC vs. mNPDR and ¢ mNPDR vs.
aPDR. aPDR, active PDR; Base (Baseline); DR, diabetic retinopathy; LPS, E. coli lipopolysaccharide; mNPDR, mild
non-proliferative DR; SD, standard deviation.

3.3.2. Early DR: Cytokine Levels in PBMC Supernatants between mNPDR and
Healthy Control

Compared to healthy controls, PBMC from mNPDR secreted significantly increased
levels of IL-10 in both the non-stimulated and LPS-stimulated conditions while the secretion
of IL-1 was significantly increased in the non-stimulated condition (Table 2). The levels of
other cytokines investigated did not differ between the two groups (Table 2).

3.3.3. Advanced DR: Cytokine Levels in PBMC Supernatants between mNPDR and aPDR

Compared to mNPDR, in the non-stimulated condition, PBMCs from aPDR secreted
a significantly lower level of both IL-6 and IL-10. The difference disappeared after LPS
stimulation (Table 2). There was no difference in other cytokines investigated between the
two groups (Table 2).

3.3.4. Cytokine Levels in PBMC Supernatants between iPDR and aPDR

Under normal culture conditions, PBMCs from aPDR and iPDR produced comparable
levels of cytokines (i.e., IL-1«, IL-1f3, IL-6, IL-8, IL-10, MCP-1 and TNF-«, Appendix A
Table A2). LPS treatment significantly increased all cytokines measured in our study
although the level of IL-6 was significantly higher in the supernatants from aPDR compared
to that from iPDR (Appendix A Table A2).

3.4. Altered Intracellular Cytokine Expression in PBMCs in DR
3.4.1. PBMC Intracellular Cytokine Expression in DR vs. Healthy Controls

Differences between DR and healthy controls were detected in two cytokines, IL-17A
and IFN-y. IL-17A was detected in small populations of CD3 T cells and CD11b myeloid
cells whereas IFN-y was only detected in CD3 T cells (Table 3). In the non-stimulated
condition, DR patients compared to healthy controls showed a significant increase in the
percentages of IL-17A* myeloid cells and IFN-y* PBMCs (Table 3). However, the geometric
mean fluorescent intensity (MFI) of IFN-y on CD3" T cells was significantly reduced
in DR (Table 3). The expression of IL-17A in myeloid cells from DR patients was also
significantly higher than that from healthy controls after HG, D-mannitol or LPS treatment
(Table 3). The MFI of IFN-y*CD3 T cells from DR patients was significantly lower than that
from healthy controls under different treatment conditions (HG, 25 mM D-mannitol, LPS,
or PMA + ionomycin, Table 3). We did not detect any statistically significant difference
between DR and healthy controls in the expression of IL-4, IL-6, IL-8 and IL-10 in PBMCs
in the non-stimulated condition (Appendix A Table A3).
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Table 3. Cytokine expression of PBMCs from DR patients and healthy controls in different
culture conditions.

Base HG Man LPS P+1I
Cytokine Variable Control DR Control DR Control DR Control DR Control DR
Mean + SD
IL_},’;A]:;C(;‘? of 1+0.59 148 +£1.24 1.14 £ 091 198 +£2 091 + 0.6 15+14 0.713 £ 0.3 1.45 + 1.28 * 1+05 177 £ 1.6
C(}Z3;lé3§+A)+ 0.79 = 0.46 097 £ 1.16 0.85 + 0.62 11+177 0.76 += 0.41 0.96 +1.14 0.71 £0.29 094 +1.18 0.67 = 0.29 091 + 1.06
CI[IS;Z?N([’:I) 135.7 +22.94 143.1 4+ 44.45 135.1 + 23.54 144.3 + 45.62 137.2 +23.71 144.4 + 46.29 137.2 £22.72 146.4 + 47.37 133.7 +24.72 144.3 + 48.46
IL-17A Mye+loid
IL_X;Z]UE;“ of 211+15 3.96 £ 4.2 t 2.14 +£0.96 5.52 + 5.98 * 219 +1.37 5.2 44.95% 228 +1.35 5.37 & 4.91 ** 244 +1.69 535+ 6
PBMCs)
C[Iﬁ'llbl‘*&“ﬂ) 8534+5577 310744753 2788+ 6376 3183+ 55 2956 + 63.7 317.8 +5095 197242272 146444737 28234618 318545917
IFI\ILQNIC% of 139+ 044 179 +32% 145+ 0.56 125+ 1.09 1714147 117+08 129+ 046 128+ 1.69 17104 1114 0.69*
IFN-y (Em:flgg;; 143 +0.86 113+ 103 1374075 1.05 + 083 1.59 + 0.89 0.99 4 0.68* 1334075 1244147 153 + 061 1.03 + 0.81 1t
CII:F)I;I;T]\;]F]I) 37.19 £6.12 29.54 + 33.21* 36.33 £6.17 28.76 + 8.63 ** 38.35 £ 7.69 29.19 + 9.13 ** 35.74 £+ 6.64 29 £9.12* 38.34 £ 82 28.82 + 9.21 **
Bold shows statistically significant differences on comparison of DR patients and healthy controls under the same
treatment conditions. * p < 0.05, ** p < 0.01 in Independent Samples t-test, while  p < 0.05, 1 p < 0.01 in Mann-
Whitney test. Base (Baseline); DR, diabetic retinopathy; HG, D-glucose (25 mM); LPS (E. coli lipopolysaccharide);
Man, D-mannitol (25 mM); MFI, mean fluorescent intensity; P + I; phorbol 12-myristate 13-acetate and ionomycin;
SD, standard deviation; n = 14 for controls and 39 for DR.
3.4.2. Early DR: PBMC Intracellular Cytokine Expression in mNPDR vs. Healthy Controls
IFN-y and IL-6 were found to be differently expressed in PBMCs between the mNPDR
and healthy controls (Table 4). IL-6 was detected in 0.5~1% of CD3 T cells and 21~30% of
CD11b cells (Table 4). In the non-stimulated condition, compared to the healthy controls,
the mNPDR patients showed a significant decrease in the percentages of IL-6*CD3* T cells
and IFN-y*PBMCs and the MFI of IFN-y*CD3* T cells (Table 4). After LPS stimulation,
the percentage of IL-6*CD3* T cells in the mNPDR patients remained lower than that
in the healthy controls, so was the percentage of IFN-y*CD3* cells under D-mannitol
and PMA + ionomycin treatment conditions (Table 4). The MFI of IFN-y*CD3* T cells
from mNPDR patients was significantly lower than that from healthy controls under all
treatment conditions including high glucose, mannitol, PMA and ionomycin, and LPS
treatment conditions (Table 4).
Table 4. Cytokine expression of PBMCs from mNPDR patients vs. healthy controls in different
culture conditions.
Base HG Man LPS P+1
Cytokine Variable Control mNPDR Control mNPDR Control mNPDR Control mNPDR Control mNPDR
Mean + SD
IFI\I],gI\;és/) of 139+ 0.44 1.09 + 0.88 1454056 1034054 1714147 116+ 077 129+ 046 1124082 174104 101+ 0651
IEN-y C(E”;]CFEQ}{; 143 £ 0.86 0.95 + 0.57 1374075 0.92 + 0.36 1.59 + 0.89 0.9+ 046 133 £ 075 0.97 + 0.61 153 + 061 0.87 £ 04"
CIS';;”{J;‘I) 3719 + 6.12 29.57 + 8.42* 36.33 + 6.17 28.59 + 672+ 38.35 + 7.69 2932+ 87% 3574+ 6.64 29.06 + 815" 38.34 482 27,25+ 7.25%
ILI;%;A(Q/‘;)“ 2,506 4+ 1.99 226+ 321 3934399 2844355 3344281 2754333 25+2 193419 226+ 1.64 264327
C[?C]gfr)(% 080+ 01866  0.61+027% 106+ 053 073+ 036 077 4051 0.58 +0.12 094021 0.5 4029 % 0.89 + 031 0,68+ 0.18
IL-6 lL-é(OMnF(I:)D3+ 28.82 + 10.42 32.88 +28.42 29.58 +10.29 27.87 £+ 12.66 28.72 +£10.31 29.76 £ 12.04 29.82 +£9.37 27.53 +£10.44 28.97 +£9.99 289 + 14.18
(f/ozlflgglﬁif’:) 238841628 213442596 297342131 2615+ 23.18 30.14 1989 29.02 42239 7664+1649 268842098 213541509 253142438
I-6onCDUbY o) 04\ oaag o535 + 3364 82.87 + 106.8 90.13 + 2023 72,65 + 93 1027 + 245.1 613 + 64 731941218 3544 + 6851 88.92 + 2107

(MFI)

Bold shows statistically significant differences on comparison of mNPDR patients and healthy controls of the
same culture conditions. * p < 0.05, ** p < 0.01 in Independent Samples t-test while  p < 0.05 in Mann-Whitney
test. Base (Baseline); HG, D-glucose (25 mM); LPS (E. coli lipopolysaccharide); Man, D-mannitol (25 mM); MFI,
mean fluorescent intensity; mNPDR mild non-proliferative diabetic retinopathy; P + I; phorbol 12-myristate
13-acetate and ionomycin; SD, standard deviation; n = 14 for controls and 13 for mNPDR.



Cells 2023, 12, 467

90f17

We did not detect any statistically significant difference between mNPDR and healthy
controls in the expression of other cytokines including IL-4, IL-8, IL-10 and IL-17A in
PBMCs in the non-stimulated condition (Appendix A Table A4), although the percentage
of IL-4*CD3* T cells was reduced in mNPDR patients compared to healthy controls after
HG and LPS stimulation (Appendix A Table A4).

3.4.3. Advanced DR: PBMC Intracellular Cytokine Expression in aPDR vs. mNPDR

IL-6 was differently expressed in PBMCs between aPDR and mNPDR. In the non-
stimulated condition, the overall percentages of IL-6-expressing PBMCs, IL-6"CD3" T cells
and IL-6*CD11b" cells alongside the MFI of IL-6 on CD11b"* cells were significantly higher
in aPDR compared to mNPDR (Table 5). HG treatment further increased the percentage
of IL-6-expressing PBMCs, particularly IL-6*CD11b* cells in aPDR compared to that in
mNPDR. The treatment also increased IL-10 production in aPDR compared to mNPDR,
particularly in CD3" T cells (Appendix A Table A5). The percentages of CD3*IL-6* T cells
were significantly increased in aPDR compared to mNPDR upon D-mannitol, LPS or PMA
+ ionomycin treatment (Table 5).

Table 5. Cytokine expression of PBMCs from aPDR vs. mNPDR patients in different culture conditions.

Base HG Man LPS P+I
Cytokine Variable mNPDR aPDR mNPDR aPDR mNPDR aPDR mNPDR aPDR mNPDR aPDR
Mean + SD
IL-6* (% of
ey 2264321 678+ 611" 2844355 638+ 565" 2754333 716+ 69 193419 444+ 404 26+327 618+ 6.05
CDS'IL6" (% + t 0734036 114+06 0584 0.12 +12m 054+029 +0.69* 0.68+0.18 +o71*
CDah) 0614027 1254124 73 0. 140, 58 0. 139412 54 40, 1114 0.69 68 + 0. 123+ 071
IL-6 on CD3*
IL-6 i, 32.88 + 28.42 30.17 + 636 27.87 4 1266 3021451 2976 + 12.04 30,66+ 59 2753 4 10.44 2092+ 534 289+ 14.18 3041+ 439
CDIIb*IL-6* . . -
CuofCDiry  2ME259% 4783258 261542318 4678+ 2522 29.02 42239 50.58 +29.26 26,88 42098 4134268 253142438 4339 +28.85
b
IL-6 on CD11b* +
983543364 1717 4 1594 90.13 4 2023 1546 4 1559 1027 +245.1 2046 42269 731941218 179742911 889242107 138 4 152

(MFI)

Bold shows statistically significant differences on comparison of mNPDR patients and healthy controls of the
same treatment conditions. * p < 0.05, ** p < 0.01 in Independent Samples t-test while ¥ p < 0.05 in Mann-
Whitney test. aPDR, active proliferative diabetic retinopathy; Base (Baseline); HG, D-glucose (25 mM); LPS (E. coli
lipopolysaccharide); Man, D-mannitol (25 mM); MFI, mean fluorescent intensity; mNPDR mild non-proliferative
diabetic retinopathy; P + I; phorbol 12-myristate 13-acetate and ionomycin; SD, standard deviation; n = 13 for
mNPDR and 14 for aPDR.

We did not detect any significant difference between aPDR and mNPDR in the ex-
pression of IFN-y, IL-4, IL-8, IL-10 and IL-17A in PBMCs in the non-stimulated condition
(Appendix A Table A5). Additionally, in the non-stimulated condition, aPDR did not show
any statistically significant differences with iPDR although PBMCs from iPDR had reduced
IL-10 and IFN-y expression compared to aPDR (Appendix A Table A6). All PBMC cytokine
expression results for iPDR patients are provided in Appendix A Table A6.

3.5. T1D Duration Is Associated with Increasing CD11b*IL-6* PBMCs

A statistically significant positive association was found between diabetes” duration
and the percentages of CD11b*IL-6* PBMCs in unstimulated culture condition (p = 0.04,
R? = 0.122, B = 0.827; see Figure 3). These results suggest that a longer duration of disease
leads to a higher level of PBMC-derived IL-6, contributing to DR pathology. No other
significant associations were found between diabetes” duration and evaluated cytokine
parameters including IFN-y* PBMCs and IFN-y MFI on CD3* PBMCs; IL-6* and CD3*IL-
6" PBMCs and IL-6 MFI on CD11b* PBMCs; myeloid IL-17A* PBMCs; CD11b* and
myeloid PBMCs.
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Figure 3. The relationship between duration of type-1 diabetes (T1D) and cytokine expression of
PBMCs of DR patients. Correlation of T1D duration against percentages of CD11b*IL-6" PBMCs in
non-stimulated condition. Regression line, significance levels (p), coefficient of determination (R?)
and regression equation (y = a + bx) are shown on each graph. n = 41. Linear regression.

4. Discussion

Our results suggest that T1D DR PBMCs, particularly CD11b myeloid cells, are proin-
flammatory, and the increased IL-6, IL-10 and IL-17A derived from them may contribute
to the retinal pathology in DR. A decreased level of PBMC-derived IFN-y was detected,
which may contribute to the diminished adaptive immunity in T1D DR patients [19]. Our
observations are consistent with those of our previous study [19] where we found the
proinflammatory immunophenotype in T1D DR patients is the result of an enhanced innate
response and an impaired adaptive response. Our data also suggest that the IL-1/CD121a
pathway may contribute to the early stages of DR.

Regarding cytokine secretion from PBMC, a higher level of IL-10 appears to be related
to T1D DR pathology and may be involved in the early stages of DR as it was increased
predominantly in mNPDR but less so in aPDR. Higher levels of IL-1a and IL-6 were also
observed in mNPDR compared to healthy controls, suggesting that they may contribute to
early T1D DR. The likely sources of the increase in secreted IL-6 and IL-10 related to early
T1D DR are myeloid PBMCs. In the advanced stage of DR, the secretion of IL-6 and IL-10
by PBMCs was decreased, suggesting that this reduced secretion may be involved with the
active proliferation of vessels in DR.

Concerning intracellular cytokine expression profiles in T1D DR, the increase in IL-
17A* PBMCs, especially CD11b*IL-17A" cells and decrease in CD3*IFN-y* cells appear
to be critical factors. Decreased IFN-y and IL-6 expression by CD3 T cells is likely to be
involved in the early stages of T1D DR. Meanwhile, higher intracellular IL-6 expression
by CD11b*/myeloid cells and CD3* T cells is related to the advanced stages of T1D
DR. These data have value in helping us to understand how the immune system may
contribute to DR, especially at the early and advanced stages of DR. Activated immune cells
may participate in retinal vascular/neuronal degeneration by (1) releasing inflammatory
cytokines into the plasma. Consequently, these cytokines circulate throughout the body
and increase to a threshold where they damage endothelial cells; (2) releasing inflammatory
cytokines which directly affect other cells that are in close contact with them. For example,
leukostasis of CD11b* cells [25] may release IL-17A to adjacent endothelial cells leading to
BRB damage. In this case, locally produced IL-17A is sufficient to damage endothelial cells
even though systemic levels of IL-17A may remain unchanged; (3) releasing “protective” or
anti-inflammatory cytokines as part of a compensatory immune mechanism that may lead
to repair. Consequently, this anti-inflammatory mechanism becomes dysfunctional, leading
to an imbalance between pro-inflammatory and anti-inflammatory immune mechanisms
that may allow DR to progress to an advanced stage.

IL-17A is a proinflammatory cytokine involved in the augmentation of immune re-
sponse by prompting increased production of other proinflammatory cytokines including
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IL-6 and IL-1f3, thereby creating a connection between T-cells” activation and inflammation,
implicating it in various autoimmune diseases [26,27]. IL-17A can be produced by Th17
T cells [26], v8 T cells and NK cells [28,29]. Our data suggest that the increase in IL-17A*
PBMCs may be involved in T1D DR, which is in line with findings by Honkanen et al. [30],
wherein the authors reported increased IL-17 expression and secretion in T1D PBMCs.
Systemic levels of IL-17A are significantly elevated in the serum of patients with T2D
DR [31] and in T1D DR [32] as well as in PBMCs of T2D patients with no DR [8] compared
to controls. We recently reported that IL-17A can directly damage the BRB via the JAK1
signaling pathway [33]. Data from the current study and the literature suggest that IL-17A
may be a critical player in sustaining DR pathology.

In DR, the plasma, serum [12,14], vitreous [15,16] and PBMCs of DR patients express
higher concentrations of IL-6 [34]. We found IL-6-producing CD11b* cells were significantly
increased in aPDR and the level was positively correlated with T1D duration. Diabetes’
duration is a clinical risk factor for DR and our data suggest that T1D duration has a positive
correlation with PBMC-derived IL-6 which may promote DR pathology. The increased IL-6
intracellular expression was paired, however, with a decreased IL-6 secretion in aPDR. This
suggests PBMC IL-6 accumulation and defective IL-6 trafficking/signaling in the aPDR
stage. It has been suggested that the IL-6 secretion bottleneck is mostly due to defective
IL-6 transcription and translation [35]; however, the IL-6 trafficking process is not fully
understood, and it is unclear whether the increase in IL-6 synthesis with decrease in IL-6
trafficking into the microenvironment is due to deficiencies in the post-Golgi trafficking
pathways that mediate IL-6 release or insufficient external cellular stimulation to prompt
cytokine release. Remarkably, IL-6 is an important activator of signal transducer and
activator of transcription 3 (STAT3) [36,37]. We have previously shown [38] that in T1D
DR, there are higher levels of activated STAT3 in circulating leukocytes of patients with
mNPDR but not in aPDR, which may be explained by current findings.

IL-10 plays an immunosuppressive role by inhibiting IL12 and TNF-« production [39,40]
and is mainly produced by Th2 cells [41]. Although IL-10 is considered to be anti-inflammatory,
especially on monocytes due to its suppression of production and secretion of proinflammatory
cytokines such as IL-12, IL-8 and TNF-« [42], IL-10 can induce various signaling that initiate
or sustain inflammation [36,37]. In agreement with our studies, reports have shown that
IL-10 production is elevated in T1D patients compared to controls [32,43] as well as in T1D
diabetic nephropathy. Increased secretion of IL-10 by PBMCs in the early stages of DR may be
a compensatory immune mechanism that confers protection on the retina. However, our data
suggest that after an extended period of increased anti-inflammatory activity of IL-10, as DR
advances, there is a reduction in PBMC-secreted IL-10 which may contribute to neovascular
processes in aPDR. The exact cause for reduced PBMC secretion of IL-10 in advanced DR is
unclear, but it is likely that the PBMCs that release IL-10 may become impaired, allowing the
advancement of DR.

IFN-y is mainly produced by Thl cells after their differentiation in response to
pathogenic infections, driving cell-mediated immunity and stimulating B-cells for opsoniz-
ing antibody production [44]. Irregular IFN-y expression is linked with autoinflammatory
and autoimmune diseases [45]. The diminished IFN-y observed in DR patients especially in
mNPDR patients aligns with Foss et al. [43] and may shed more light on diminished adap-
tive immunity, susceptibility to infections and non-resolution of low-grade inflammation in
diabetic patients [19,43,46,47].

We found increased levels of secreted IL-1c in supernatant of mNPDR PBMCs com-
pared to controls. We also found that sCD121a or sIL-1R1, an inflammatory receptor to
IL-1e;, IL-1P and IL-1Ra [48] is increased in the plasma of T1D DR, and in mNPDR com-
pared to controls. The binding actions of CD121a account for IL-1 mediated inflammation
and pathology [48,49]; loss of IL-1 signaling in CD121a™ /~ mice attenuates the formation
of acellular capillaries in diabetic retina [50] and infiltration of pro-inflammatory leukocytes
into ischemic tissue [51]. Our results suggest that increased IL-1a secretion and plasma
levels of sCD121a may be involved in T1D DR by activating IL-1-mediated inflammation.
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sCD121a may be released as a protective response during the early stages of DR to coun-
teract the noxious effects of IL-1c;, and IL-1/CD121a signaling may partially explain early
retinal changes including capillary acellularity in DR.

The strengths of this study include its prospective study design, the detailed phenotyp-
ing of patients and, importantly, the masking of laboratory researchers to the precedence
of the blood samples (i.e., whether they had been obtained from people with DR or from
healthy controls). The additional strengths of the study include (1) the use of different stim-
uli to induce cytokine production in PBMC and (2) the detection of intracellular cytokines.
This study design allowed us to understand how the immune cells would respond under
disease conditions and the key cellular sources of disease-causing cytokines (e.g., increased
IL-6 and IL-17 production by CD11b cells and impaired IFN-y production by CD3 cells in
DR). Limitations include the cross-sectional study design, small patient numbers in each of
the DR subgroups and the recruitment of all patients from a single site (Belfast, Northern
Ireland). Additionally, it is difficult to determine what size of change in the different data
presented may be mechanistically important and clinically relevant, independently of
whether statistically significant. Furthermore, we detected differences in values among the
different individuals studied. This interindividual variability, however, is not surprising
since it is expected that pathogenic pathways may not affect all individuals in the same
manner. Even within “homogeneous” groups of people with DR based on ETDRS severity,
for example, many patients will reach the moderate non-proliferative DR stage but only
few will develop DMO or PDR. Furthermore, some patients may develop DMO and never
progress to PDR and vice versa; some will suffer both, others neither. Thus, is it likely that
the differential weight of pathogenic pathways among people with T1D DR may explain
subtle subject-to-subject variability in phenotype and differences in onset, progression and
even complications of DR.

5. Conclusions

This study demonstrates that T1D DR PBMCs show proinflammatory phenotypes
that are consistent with enhanced innate responses, specifically enhanced PBMC-released
IL-10, IL-6 and in particular IL-17A production from myeloid cells, and impaired adaptive
responses, specifically impaired CD3 T cell IFN-y production. A longer duration of diabetes
was associated with higher levels of IL-6 by CD11b* cells which suggests a relationship
with the disease and their potential to be used as biomarkers of DR. Further studies may
shed light on the mechanisms sustaining these proinflammatory phenotypes in T1D DR
and discern potential new pathways for therapeutic intervention.
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Appendix A

Table A1. MCP-1 expression in plasma of DR patients and controls. Independent Samples ¢-test.

Healthy Controls DR mNPDR aPDR iPDR
Variables (pg/g) (n=13) (n=39) (n=13) (n=14) (n=14)
(Mean + SD)
MCP-1 32.53 +17.81 47.96 4 41.08 40,05 4 42.04 64.55 4 47.68 3872 4+ 28.92
aPDR, active PDR; DR, diabetic retinopathy; iPDR, inactive proliferative diabetic retinopathy; mNPDR, mild
non-proliferative DR; SD, standard deviation.
Table A2. Cytokine secretion of PBMCs from iPDR and aPDR patients into culture supernatant under
non-stimulated and endotoxin-stimulated (LPS) conditions.
iPDR (1 = 14) aPDR (n=14)
Variables (pg/g) Mean + SD
Base LPS Base LPS
1o 0.8732 4 3.26 32.56 + 47.64 0.002536 - 0.0090 39.77 4 36.87
IL-13 58.44 + 94.56 8829 +777.8 25.37 £ 67.02 1113 + 698.5
IL-6 1402 + 1785 9172 + 7862 692.2 + 849.8 11956 + 5101 *
IL-8 9902 + 7041 35494 + 21021 9044 + 6769 44103 + 16459
IL-10 4914 £ 11.62 102.6 +113.9 0.52 + 1.802 113.5 £ 115.2
MCP-1 3146 + 3990 3494 + 2472 1929 + 2076 5326 + 4223
TNF- 136.4 +201.9 976.2 £ 976.2 7141 £1542 838.4 +831.2
Bold mean & SD show statistically significant differences on comparing iPDR vs. aPDR, and * p < 0.05 in
Independent Samples t-test. aPDR, active proliferative diabetic retinopathy; Base (Baseline); iPDR, inactive
proliferative diabetic retinopathy; LPS (E. coli lipopolysaccharide); PBMCs, peripheral blood mononuclear cells;
SD, standard deviation.
Table A3. Expression of IL-6, IL-4 and IL-8 in PBMCs from DR patients vs. healthy controls in
different culture conditions.
Base HG Man LPS P+1
Cytokine Variable Control DR Control DR Control DR Control DR Control DR
Mean + SD
1L-10% (% of PBMCs) 3.022+17 345+ 4.46 3.25+226 328 +£3.17 224+117 32+48 221 +1.37 287+3 3.07 +2.44 3.09 +£2.92
CD3*IL-10* (% of CD3*) 193412 149 + 144 174+ 133 166+ 17 164123 1.66 £ 1.69 163 £124 207 £29 1.39 £ 0.87 177 + 264
10 IL-10 on CD3* (MF) 121442115 1563 +£1151 12114245 1549 £ 117.7 1235+ 21 15941212 120842424 161641202 12242264 158341177
Myeloid IL-10* (% of 3542 35429 364236 3.58 + 2.66 3483 £ 2.46 436 +2.96 4354262 513435 3824282 333 + 243
myeloid PBMCs)
IL-10 on CD11b (MEFI) 380446320 509243573 383747932 518343974 40047846 534543783 403949591  573£45L1* 380146772 512343789
IL-6* (% of PBMCs) 25064199 44714536 3.93 +£3.99 453 +£43 334+281 456+ 5 2542 33£36 2264 1.64 3.98 + 443
CD3*IL-6" (% of CD3*) 080834019 120242271 1.06 + 053 122 4146 0.77 + 051 0.36 + 0.52 0.9 +021 113 £ 225 0.89 4 0.31 0.87 +0.52
IL-6 IL-6 on CD3" (MFI) 28.82 4+ 1042 29.93 +17.78 29.58 + 10.29 27.66 + 9.69 28.72 4+ 10.31 27.77 £9.75 29.82 £9.37 28.58 + 10.61 28.97 +9.99 28.31 £9.38
CD11b*IL-6* (% of CD11b) 23.88 +16.28 3522 +26.24 29.73 £21.31 37.69 + 23.69 30.14 £ 19.89 39.26 + 26.41 27.66 + 16.49 3524 +£22.3 21.35 £ 15.09 35.55 +24.78
IL-6 on CD11b* (MFI) 526446838 125942054  8287+1068 11941564 72.65 £ 93 139.5 £ 209.9 613 + 64 11441935 3544 £6851 10854157
IL-4* (% of PBMCs) 117 4+ 0.49 244546 1.36 + 058 155 + 164 1.01 + 055 114093 1.04 + 054 1324232 124 £ 059 11741
IL-4 CD3*IL-4* (% ofCD3+) 1.2+073 213 +531 1.2 £ 0.67 112 £+ 1.29 t 1.16 + 0.69 1.07 £1.02 1.23 +£0.79 138 +24 121 +£0.79 1+1
IL-4 on CD3* (MEI) 30944559 325641572 31394635 3016 +£7.3 3078 + 5.6 3044+ 84 3191 4524 32+ 1251 31.58 + 5.87 30.05+8
IL-8% (% of PBMCs) 6.934 + 3.68 8.369 + 6.56 844 +422 87 +728 10.41 +3.17 10.51 +£7.34 881+3 9.87 +£ 6.8 8.85 +3.94 10.22 + 6.61
CD3*IL-8* (% ofCD3+) 0.7317 £ 0.42 0.6985 + 0.35 1+£057 0.76 = 0.45 0.75 +0.33 0.77 £ 0.44 0.9 +0.59 0.8 +0.63 0.85+04 0.79 £ 0.38
L IL-8 on CD3* (MFI) 131642634 1469 £5503 133842428 148445533 134442715 15245614 133642523 148845229 131142682 1446+ 50.26
CD]lg;Illif:)(”o of 56.68 + 22.97 57.01 £+ 17.96 60.97 £ 19.96 58.7 £ 16.6 77.25+13.5 71.84 £13.55 78.13 £ 12.37 75.19 £ 10.74 67.24 £20.27 67.27 £ 15.16
IL-8 on CD11b™ (MFI) 834.1 + 6489 767.3 £ 569.1 920.5 + 665.8 789.7 £+ 590.5 2401 + 1945 1632 + 1389 2899 + 1936 2060 + 1691 1465 + 1330 1158 + 854

Bold mean + SD show statistically significant differences on comparison of DR patients and healthy controls.
* p < 0.05 in Independent Samples f-test while t p < 0.05 in Mann Whitney test. Base (Baseline); DR, diabetic
retinopathy; HG, D-glucose (25 mM); LPS (E. coli lipopolysaccharide); Man, D-mannitol (25 mM); MFI, mean
fluorescent intensity; P + I; phorbol 12-myristate 13-acetate and ionomycin; SD, standard deviation; n = 14 for
controls and 39 for DR.
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Table A4. IL-4, IL-8, IL-10 and IL-17A expression in

controls in different culture conditions.

PBMCs from mNPDR patients vs. healthy

Base HG Man LPS P+1I
Cytokine Variable Control mNPDR Control mNPDR Control mNPDR Control mNPDR Control mNPDR
Mean + SD
1L-10% (% of PBMCs) 3.022+17 248 +£2.52 325+226 2+1.34 2244117 225+17 221+1.37 2+235 3.07 £2.44 222+1.25
CD3*IL-10* (% of CD3*) 193 £12 145 £ 149 174 £133 124 £073 164123 1.85 £2.04 163 +£124 144092 1.39 £ 0.87 146 £ 08
IL-10 IL-10 on CD3* (MFI) 1214 +21.15 117 + 17.61 121.1 £ 245 115.6 + 13.84 123.5 + 21 1155 + 14.11 120.8 +24.24 117.6 £ 17.75 122 + 22.64 117.8 + 14.87
Myeloid IL-10% (% of 3542 1174293 364236 3414292 3483 + 246 136428 4354262 5534381 3824282 3364237
myeloid PBMCs)
IL-10 on Myeloid (MFI) 380.4 + 63.29 401 + 68.2 383.7 £79.32 386.2 4 43.42 400 + 78.46 414.1 £ 57.39 403.9 + 95.91 4459 + 80.8 380.1 + 67.72 392.8 + 58.47
IL-17A% (% of PBMC) 14059 116 £07 114 £091 124 +£098 0.91 + 0.6 1.01 £ 0.69 0713+ 0.3 14064 1405 128 +£1.03
CD3*IL-17A* (% of CD3*) 0.79 + 0.46 0.73 + 035 0.85 +0.62 0.66 4+ 0.28 0.76 + 0.41 0.75 +0.35 0714029 0.69 0.3 0.67 +029 074025
IL-17A IL-17A on CD3* (MFI) 135.7 +£22.94 136 + 41.78 135.1 +23.54 136.2 4 43.25 137.2 +£23.71 135.5 + 44.54 1372 +22.72 1414 +45.6 133.7 £24.72 135.7 + 43.85
Myeloid ]_L-17A+ (% of 211415 3.7 + 254 2.14 + 096 3.63 + 2.64 219 +1.37 3.71 +3.18 228 +1.35 41+29 244 +1.69 393 +4.1
myeloid PBMCs)
IL-17A on Myeloid (MFI) 285.3 4+ 55.77 301.7 £+ 52.94 278.8 £ 63.76 298.5 + 47.79 295.6 4+ 63.7 304.9 + 5891 1372 +£22.72 313.4 + 61.46 2823 +61.8 302.2 +61.35
IL-4* (% of PBMCs) 1.17 + 048 119+ 1.14 1.36 + 058 112 £07 1.01 + 055 0.99 + 0.68 1.04 + 054 0.98 - 0.64 124 £ 059 113409
IL-4 CD3*IL-4* (% ofCD3+) 1.2+073 094 +£1.12 12+0.67 0.85 + 0.8 t 1.16 £ 0.69 1.05 £ 0.98 1.23 +£0.79 1+1.28 t 121 £0.79 0.97 £ 1.38
IL-4 on CD3* (MEFI) 30944559 32354114 31.39 + 6.35 3123 +9.37 30.78 + 5.6 28841159 31914524 3318 + 146 31.58 + 587 3255 £ 115
IL-8* (% of PBMCs) 6.934 + 3.68 7.36 +£5.2 8.44 +422 8.42 + 6.55 10.41 +3.17 8.66 +5.51 88143 798 +4.13 8.85 +3.94 9.01 + 5.68
CD3*IL-8* (% of CD3+) 0.7317 £ 0.42 0.64 +0.23 1+0.57 0.81 +£0.42 0.75 4+ 0.33 0.75 £ 0.56 0.9 £0.59 0.95 £+ 0.97 0.85 £ 0.4 0.73+£0.26
ILs IL-8 on CD3* (MEFI) 131642634 1437 £5586 133842428 146845623 134442715 14884548 133642523 145344938 131142682 14245112
CD“gglLlf:) % of 566842297 558642137  6097+1996 6221 +19.1 77254135  7088+1437 7813+ 1237 7376 + 12 672442027 6723 +1821
IL-8 on CD11b™ (MFI) 834.1 + 6489 850.4 + 663.3 920.5 + 665.8 1003 + 652.8 2401 + 1945 1747 + 1965 2899 + 1936 2384 + 2273 1465 + 1330 1405 + 1108
Bold mean + SD show statistically significant differences on comparison of mNPDR patients and healthy controls.
* p <0.05 in Mann Whitney test. Base (Baseline); HG, D-glucose (25 mM); LPS (E. coli lipopolysaccharide); Man,
D-mannitol (25 mM); MFI, mean fluorescent intensity; mNPDR mild non-proliferative diabetic retinopathy; P + I;
phorbol 12-myristate 13-acetate and ionomycin; SD, standard deviation; n = 14 for controls and 13 for mNPDR.
Table A5. IFN-y, IL-4, IL-8, IL-10 and IL-17A expression in PBMCs from aPDR vs. mNPDR patients
in different culture conditions.
Base HG Man LPS P+1I
Cytokine ‘Variable mNPDR aPDR mNPDR aPDR mNPDR aPDR mNPDR aPDR mNPDR aPDR
Mean + SD
IL-10% (% of PBMCs) 248 +2.52 4.29 + 3.59 24134 4.5 + 4.06 * 225+17 3.31+322 24235 422 +4.64 2224125 4.46 +4.22
CD3*IL-10* (% of CD3+) 1.45 +1.49 1.86 + 1.86 1.24+0.73 197 £25 1.85 +2.04 1.8 +1.87 14 +0.92 322 +4.65 146 +£0.8 257 +4.42
IL10 IL-10 on CD3* (MFI) 117 £ 17.61 189 + 161 115.6 + 13.84 192.3 + 166.4 * 1155 +14.11 1952 +174.2 117.6 £17.75 208.4 £+ 190.1 117.8 + 14.87 200.9 +174.2
Myelﬂid_IL-l(]+ (% of 417 £2.93 3.26 +3.01 3.41+292 3.83 +£2.87 4.36+28 431+3 5.53 + 3.81 5.39 + 3.87 3.36 +2.37 3.65 +2.778
myeloid PBMCs)
IL-10 on Myeloid (MFI) 401 £+ 68.2 622.1 + 508.3 386.2 +43.42 644.3 + 548.4 414.1 £57.39 634.5 + 550.7 4459 + 80.8 700.8 £ 638.2 t 392.8 4 58.47 646.5 + 568.5
IL-17A% (% of PBMCs) 116 £ 0.7 1.65 + 1.31 1.24 +£ 098 2.08 +1.86 1.01 £+ 0.69 176 £1.73 1+0.64 152+13 1.28 +£1.03 1.73 +£ 143
CD3*IL-17A% (% of CD3+) 0.73 +£0.35 132+ 174 0.66 £ 0.28 1.6 +2.88 0.75 +0.35 1.25+1.75 0.69 +0.3 14+194 0.7 +0.25 127 £1.75
IL-17A IL-17A on CD3* (MFI) 136 +41.78 148.9 4+ 54.55 136.2 +43.25 151.1 +55.23 135.5 + 44.54 153 + 56.04 1414 +45.6 154.6 + 58.32 135.7 + 43.85 149.7 £ 55.76
Myeloid I_L-17A+ (% of 3.7 +254 5.07 + 6.6 3.63 +2.64 84+9.02 3.71 +£3.18 7.33 +£7.08 41+29 753 +7.26 393 +4.1 6.03 £ 5.66
myeloid PBMCs)
IL-17A on Myeloid (MFI) 301.7 £ 52.94 327.3 £ 54.09 298.5 + 47.79 340.2 + 67.08 304.9 £ 5891 329 £ 57.57 3134 + 61.46 338.1 + 56.76 302.2 + 61.35 330.5 £+ 53.28
IFN*V+ (% of PBMCs) 1.09 + 0.88 25+4.07 1.03 + 0.54 137+1 1.16 +0.77 1.37 £ 0.92 1.12 +0.82 1.06 + 0.80 1.01 £ 0.65 1.44 +0.85
IFN-y CD3+]FN-)/Jr (% of CDS*) 0.95 + 0.57 1.39 +£1.04 0.92 £+ 0.36 1.26 £1.26 0.9 +0.46 1.3 £0.99 0.97 £+ 0.61 1.37 +1.17 0.87 £04 1.53 +£1.18
IEN-y on CD3* (MFI) 29574842 325441473 2859 £672 3137 £ 1227 2932487  3193+£11.89  29.06 & 8.15 3048 4 12.04 27254725 327341267
IL-4* (% of PBMC) 119 £ 114 3454734 112407 160 4143 0.99 +0.68 127 4+ 0.88 0.98 + 0.64 1054077 113409 1454136
IL-4 CD3*IL-4* (% of CD3+) 094 +1.12 31+737 0.85+0.8 1.1+ 091 1.05 + 0.98 1.16 £ 0.97 1+1.28 13+1.14 0.97 +1.38 1.1+0.78
IL-4 on CD3% (MFI) 3235+ 114 3272 £158 31.23 +£9.37 2953 +4 32.88 £11.59 2995+ 542 33.18 + 14.6 29.95 + 5.38 3255+ 115 29.31 +£4.33
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Table A5. Cont.

Base HG Man LPS P+1I
Cytokine Variable mNPDR aPDR mNPDR aPDR mNPDR aPDR mNPDR aPDR mNPDR aPDR
Mean + SD
IL-8* (% of PBMCs) 736452 1012 4+ 7.42 842 + 6,55 9.38 +9.16 8.66 +5.51 13.37 4 9.61 7.98 + 413 12,07 + 9.69 9.01 4 5.68 1158 + 8.08
CD3*IL-8* (% of CD3+) 0.64 4023 074 + 047 0.81 + 042 0.67 +0.41 075+ 0.56 0.84 + 043 0.95 +0.97 0.8+ 0.38 0734+ 026 0.88 + 0.5
IL-8 IL-8 on CD3™ (MFI) 143.7 + 55.86 148.2 + 55.69 146.8 +56.23 150.5 + 56.93 148.8 +£54.8 154.5 + 59.92 145.3 4+ 49.38 153.5 + 59.44 142 +51.12 149.2 + 55.85
CDHEE)IIITS:)((VD of 55.86 + 21.37 60.14 + 13.42 6221 +£19.1 56.42 + 13.83 70.88 + 14.37 76.14 +£10.8 73.76 £ 12 79.66 + 8.41 67.23 +18.21 64.73 +13.22
IL-8 on CD11b* (MFI) 8504 46633 755745696 100346528 564241383 1747 + 1965 1850 £ 1198 2384 + 2273 2260 = 1637 140541108 882345084
Bold mean + SD show statistically significant differences on comparison of mNPDR patients and healthy controls.
* p < 0.05 in Independent Samples t-test while ¥ p < 0.05 in Mann Whitney test. aPDR, active proliferative diabetic
retinopathy; Base (Baseline); HG, D-glucose (25 mM); LPS (E. coli lipopolysaccharide); Man, D-mannitol (25 mM);
MF], mean fluorescent intensity; mNPDR mild non-proliferative diabetic retinopathy; P + I; phorbol 12-myristate
13-acetate and ionomycin; SD, standard deviation; n = 13 for mNPDR and 14 for aPDR.
Table A6. Cytokine expression of PBMCs from aPDR vs. iPDR patients in different culture conditions.
Base HG Man LPS P+1
Cytokine Variable aPDR iPDR aPDR iPDR aPDR iPDR aPDR iPDR aPDR iPDR
Mean + SD
1L-10* (% of PBMCs) 429 43,59 36847 45+ 4.06 3484332 3314322 43114825 420+ 464 2.35 4 1.89 146 +422 264+ 446*
CD3*IL-10% (% of CD3+) 1.86 + 1.86 1.11 £ 0.53 197 £25 1.84 +£1.45 1.8 +1.87 1.25 + 0.86 3.22 + 4.65 155 +1.26 257 +4.42 122 +2.57
L0 IL-10 on CD3* (MFI) 189 + 161 168.2 +119.1 192.3 4+ 166.4 161.1 + 118.5 195.2 +174.2 172 + 116.2 ** 208.4 +190.1 158.6 + 108.3 2009 + 1742 159.7 4+ 101 *
MyeIOidAH—-‘l[ﬁ (% of 3.26 £ 3.01 294282 3.83 +2.87 3.5+ 228 4.31+3 441 +3.33 5.39 +3.87 44+29 3.65 +2.778 292 +226
myeloid PBMCs)
IL-10 on Myeloid (MFI) 622.1 4+ 508.3 514.5 4 355.5 644.3 + 548.4 539 + 4239 634.5 + 550.7 571.2 4 360.1 700.8 + 638.2 571.9 + 4447 646.5 + 568.5 506.6 + 313.3
IL-17A* (% of PBMCs) 1,65 + 131 1.69 + 167 2,08 + 1.86 2.82 4 3.02 176 £173 185 + 162 152413 1.87 £ 1.69 173 +£143 246 +£222
CD3*IL-17A* (% of CD3+) 1.32+1.74 089 +1 1.6 +2.88 1.1+ 1.02 125+ 175 0.77 + 0.53 14+194 0.72 +£0.37 127 £1.75 0.77 + 047
IL-17A IL-17A on CD3* (MFI) 148.9 + 54.55 145.2 + 37.07 151.1 +55.23 146.8 +38.44 153 + 56.04 145.6 + 37.41 154.6 + 58.32 143 4+ 38.44 149.7 + 55.76 149.1 + 48.33
Myeloid I,L-17A+ (% of 5.07 + 6.6 294 +1.36 84+9.02 4.99 + 3.55 7.33 £7.08 457 +2.86 7.53 £7.26 44+25 6.03 + 5.66 6.4 + 839
myeloid PBMCs)
IL-17A on Myeloid (MFI) 327.3 £+ 54.09 302.5 + 25.69 340.2 £ 67.08 317.9 £ 41.15 329 + 57.57 321.2 +26.63 338.1 £ 56.76 314.8 £+ 38.85 330.5 £ 53.28 325.3 & 64.08 *
IFN*\/Jr (% of PBMCs) 25+ 4.07 1.87 + 4.06 137 +1 1.37 £ 1.67 1.37 £ 0.92 095+ 0.7 1.06 + 0.80 1.7 £2.83 1.44 +£0.85 0.85 £+ 0.37 *
IFN-y CDBJrIFN-y+ (% of CD3+) 1.39 +£1.04 1.06 + 1.45 1.26 £1.26 0.96 + 0.66 1.3 +0.99 0.73 +£0.32 137 £1.17 14+231 153 £1.18 0.63 +0.12
IFN-y on CD3* (MEI) 325441473 2591467 313741227  2584+£433 3193 £11.89 2574+ 42 30481204 27384671 3273 £12.67 2616 +47
IL-6* (% of PBMCs) 678 + 611 435+ 579 6.38 & 5.65 4354225 7.16 + 69 362426 4444404 3.56 4 431 6.18 + 6.05 3.01 +2.02
CD3*IL-6% (% ofCD3+) 1.25+124 1.85+4 114 £0.6 1.89 £2.52 1.39+12 0.81 £ 0.66 t 1.11 £ 0.69 1.86 4.1 123 +£0.71 0.67 £0.3
IL-6 IL-6 on CD3* (MEI) 3017 + 636 26.1 4 9.69 3021 +51 2436 £ 98 30.66 + 5.9 21.91 +8.63 20024534 282241553 30414439 25,08 +5.97
CD”glgllLlfr)(u” of 47934258 366242032 46782522 406241806 505822926 3796 %242 4413268 3461+1443 43392885 3844+ 16.64
IL-6 on CD11b* (MFI) 1717 £1594 103941123 154641559 11088429  2046+2269 10541282 179742911  83.81 £ 81.37 138 & 152 9659 & 77.27
IL-4* (% of PBMCs) 3454734 271 + 643 169 + 143 1.95 + 254 127 £ 088 122413 1.05 £ 077 1.98 + 4.06 145 £136 0.9 + 048
IL-4 CD3*IL-4* (% of CD3+) 3.1+737 251459 1.1 4+ 0.91 1.5 +2.02 1.16 £ 0.97 098 +1.22 13+ 1.14 188 +4 1.1+0.78 0.9 + 0.65
IL-4 on CD3* (MFI) 3272 +15.8 32.64 +21.34 29.53 +4 29.54 +7.85 2995 +5.42 27.86 + 5.88 29.95 +5.38 32.98 £+ 16.07 29.31 +£4.33 27.69 +5.14
IL-8* (% of PBMCs) 1012 £7.42 7.55+£7.15 9.38 £9.16 82462 13.37 £ 9.61 929 £ 553 12,07 £ 9.69 95+£477 11.58 + 8.08 10.04 £ 6.02
CD3*IL-8* (% of CD3*) 0.74 + 047 0.71 +0.34 0.67 + 0.41 0.8 +0.54 0.84 4 0.43 0.7 +029 0.8 4038 0.60 + 0.29 0.88 + 05 0.78 + 0.38
IL-8 IL-8 on CD3" (MFI) 148.2 + 55.69 149.3 + 58.95 150.5 + 56.93 147.6 + 58.21 154.5 + 59.92 151.4 + 56.08 153.5 +59.44 147.5 + 51.78 149.2 + 55.85 142 + 47.03
D1 13;22?:)(% of 601441342 54654196 564241383 572341742 76144108 67824153 79664841 715341078 647341322 7036 + 143
IL-8 on CD11b* (MFI) 7557 £569.6  68L5+£4855 564241383 779247184 1850 £ 1198 1233 4 585.5 260 £1637 143245135 882345084 1194 4 8211

Bold mean + SD show statistically significant differences on comparison of mNPDR patients and healthy controls.
* p < 0.05, ** p < 0.01 in Independent Samples t-test while T p < 0.05 in Mann Whitney test. aPDR, active
proliferative diabetic retinopathy; Base (Baseline); HG, D-glucose (25 mM); iPDR, inactive proliferative diabetic
retinopathy; LPS (E. coli lipopolysaccharide); Man, D-mannitol (25 mM); MFI, mean fluorescent intensity; P + I;
phorbol 12-myristate 13-acetate and ionomycin; SD, standard deviation; n = 14 for aPDR and 14 for iPDR.
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