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ABSTRACT 

Background/Aims: The aim of this study was to investigate the relationship between alterations 

in circulating leukocytes and the initiation and progression of DR in people with type 1 diabetes 

(T1D). 

Methods: Forty-one patients with T1D [13 mild non-proliferative DR (mNPDR), 14 active 

proliferative DR (aPDR) and 14 inactive PDR (iPDR)], and 13 age- and gender-matched healthy 

controls were recruited prospectively. Circulating leukocytes, including CD4+ and CD8+ T-cells, 

CD14+CD16-, CD14-CD16+ and CD14+CD16+ monocytes; CD16+HLA-DR- neutrophils, CD19+ 

B-cells and CD56+ natural killer cells and their cell surface adhesion molecules and chemokine 

receptors (HLA-DR, CD62L, CCR2, CCR5, CD66a, CD157 and CD305) were examined by flow 

cytometry.  

Results: In DR patients, compared to healthy controls, increased proportions of neutrophils 

(p=0.0152); reduced proportions of lymphocytes (p=0.0002), HLA-DR+ leukocytes (p=0.0406) 

and non-classical monocytes (p=0.0204); and reduced expression of CD66a (p=0.0048) and 

CD157 (p=0.0007) on CD4+ T cells were observed. Compared to healthy controls, CD19+ B cells 

were reduced at the mNPDR but not aPDR patients. Total lymphocytes, CD4+ T cells and CD8+ 

T cells progressively decreased whereas neutrophils, the neutrophil/lymphocyte ratio and the 

neutrophil/CD4+ ratio progressively increased from early to late stages of DR, reaching statistical 

significance at the aPDR stage. Longer diabetes duration was associated with a reduced proportion 

of CD8+ T cells (p=0.002) and increased neutrophil/CD8+ ratio (p=0.033). 

Conclusions: In this pilot study, DR is associated with increased innate cellular immunity 

especially neutrophils and reduced adaptive cellular immunity particularly lymphocytes. Impaired 

B-cell immunity may play a role in the initiation of DR; whereas impaired T-cell immunity with 

increased neutrophil response may contribute to progression of DR from non-proliferative to 

https://doi.org/10.1080/02713683.2020.1718165
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proliferative stages in T1D patients. Large multicenter studies are needed to further understand the 

immune dysregulation in DR initiation and progression. 

 

Keywords: type 1 diabetes, diabetic retinopathy, neutrophils, lymphocytes, flow cytometry 

Short Running Head: Circulating Leukocytes in Diabetic Retinopathy 
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BACKGROUND 

Diabetic retinopathy (DR) is the progressive degeneration of retinal microvasculature resulting 

from diabetes, and is a leading cause of blindness in the global working population.1 

Pathologically, DR often progresses through microvascular degeneration, ischemia to 

neovascularisation stages. Clinically, patients may experience mild non-proliferative DR (NPDR) 

at the early stage, to moderate NPDR and then to severe NPDR.2 Some patients will then go into 

developing the vision-threatening form of DR known as proliferative DR (PDR), which, if 

untreated, will lead to blindness.1,2 

Inflammation has been recognized to play a major role in the pathophysiology of DR, from 

the early to late stages of the disease,3 although the underlying mechanisms remain largely unclear. 

Systemic biochemical malfunction, oxidative stress, formation and accumulation of advanced 

glycation end-products (AGEs) and the hyperglycemic microenvironment in diabetes, all promotes 

noxious stress.3 This stressful microenvironment elevates low-grade cellular activation and 

inflammation (parainflammation) which can be prolonged to sustain a DR disease-state.4 

The complex relationship between retinal microvasculature and the immune system 

involves the two immune subsystems, innate and adaptive, which often collaborate to eliminate 

exogenous and endogenous threats to restore homeostasis. Evidence is accumulating about the 

possible contribution of the innate immune system towards the pathogenesis of DR.5 In contrast, 

little is known of the role of the adaptive immune system in the initiation and progression of DR. 

Immune cells are key players in inflammation. In DR, when the blood-retinal barrier (BRB) 

breaks down, circulating immune cells, infiltrate the retina causing inflammation.6 The activation 

of microglia7 and leukostasis,8 the latter a phenomenon of immune cell adherence to, and 

entrapment in retinal blood vessels, are hallmarks of DR-related inflammation.  

https://doi.org/10.1080/02713683.2020.1718165
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Type-1 diabetes (T1D) is an autoimmune disease. Therefore, malfunction of the immune 

system plays an important role in its pathogenesis and pathophysiology.9 In T1D without DR, 

reported pathological changes in systemic parameters include modifications in cell counts and 

functions of circulating neutrophils, monocytes and lymphocytes.10–12 Many studies have 

investigated the contribution of local retinal inflammation to DR including leukostasis, microglial 

activation, vascular leakage and neovascularization.3,7 However, the contributions of systemic 

inflammation and alteration of circulating leukocyte profiles to DR initiation and progression, 

from non-proliferative to proliferative stages, has not been investigated. 

In PDR, new abnormal blood vessels grow on the surface of the optic nerve and retina, 

often leading to intraocular bleeding (vitreous hemorrhage) and sight loss. Furthermore, because 

of development and contraction of fibrovascular membranes, tractional retinal detachment can also 

ensue with often irreparable effects on vision. For many years, PDR was treated with panretinal 

photocoagulation (PRP), which remains today as the most widely used PDR therapy.13 It is known 

that, following treatment, PDR remains inactive in many patients, however, in others, the disease 

may reactivate. The reasons for this reactivation remain obscure.  The immunophenotype of 

inactive proliferative DR (iPDR) versus active PDR (aPDR) has not been investigated and it could 

be hypothesized that aspects of patients’ immune system may explain, at least partly, this 

reactivation. 

Duration of diabetes is an established risk factor for DR and one of the strongest predictors 

of DR initiation and progression.14 However, the relationship between diabetes duration and 

changes in circulating immune cells has not been investigated in the context of T1D DR. Overall, 

there is a growing need to capture and report the systemic immune signatures of T1D DR and its 

different stages with a view towards uncovering novel targets for therapy. 

https://doi.org/10.1080/02713683.2020.1718165
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The purpose of this small cohort case control study was to investigate whether systemic 

alterations in the populations of major circulating immune cells of innate and adaptive immunity 

(including neutrophils, monocytes and lymphocytes) and their expression of inflammatory, 

activation and cell adhesion markers in T1D patients with DR could be associated with onset and 

progression of DR. The effect of duration of diabetes on levels of circulating leukocyte populations 

in T1D DR patients was also studied. 

 

SUBJECTS AND METHODS 

Study Participants 

The study protocol was approved by the Office for Research Ethics Committees Northern Ireland 

(ORECNI, Ref: 14/NI/0084) and procedures were performed in accordance with the tenets of the 

Declaration of Helsinki on research into human volunteers. Written informed consent was obtained 

from all participants prior to their enrolment in this study. A study identification number was 

assigned to each participant and used throughout the study to maintain participant confidentiality. 

This study was designed as a pilot cross sectional study of T1D patients. Participants were 

eligible if they met the following inclusion and exclusion criteria. Inclusion criteria: Age ≥18, 

diagnosis of T1D and presence of NPDR or PDR. Exclusion criteria: Lack of DR; history of severe 

cardiac diseases, malignancy within the past 5 years and; infectious/non-infectious inflammatory 

diseases within 2 months; presence of active autoimmune disease; history or concurrent use of 

immunosuppressive medications or steroids; pregnancy; kidney failure; presence of other eye 

conditions that may affect DR diagnosis; any conditions that could prevent/affect the quality of 

DR evaluation and retinal imaging (e.g. marked media opacities). 

The following information was collected prospectively for each participant: gender, age, 

duration of T1D, family history of T1D, systolic BP, diastolic BP, BMI, smoking history, age at 

https://doi.org/10.1080/02713683.2020.1718165
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T1D diagnosis, duration of insulin, presence of other diabetic complications, history of 

macrovascular disease, history of hypertension and duration of hypertension. All patients 

underwent a full ophthalmic examination, including detailed slit-lamp biomicroscopy and grading 

of their DR. 

T1D patients (n=41) were sub-grouped into one of three DR groups: (1) mild NPDR 

(mNPDR, n=13); (2) untreated active PDR (aPDR; n=14) and (3) treated inactive PDR (iPDR; 

n=14). A healthy control group of participants (n=13) that was age- and gender-matched with T1D 

patients was also recruited. Written informed consent was also obtained for this group prior to 

participation in the study.  Healthy controls had no diabetes and no known eye diseases (mild 

cataracts were allowed).  

Masking 

Investigators who carried out laboratory assays and data analyses were masked to the clinical status 

of study participants. 

Blood Collection 

Peripheral blood samples (20mL) were drawn into tubes containing ethylenediaminetetraacetic 

acid (EDTA; BD Biosciences, Oxford, UK) and processed within 3h of collection. 

 

The following tests were then conducted in blood samples: 

Peripheral Whole Blood Flow Cytometry Staining 

30μL of freshly drawn whole blood from study participants was incubated with fluorochrome-

labelled antibodies (Table 1) in FACS buffer (1% FCS in PBS) for 45 minutes at 4°C in the dark. 

After washing twice with FACS buffer, samples were incubated with 2mL of 1X red blood cell 

lysis buffer (BD Biosciences, Oxford, UK) for 10min at room temperature to eliminate all red 

blood cells. Cells were then thoroughly washed with FACS buffer before fixing in 2% 

https://doi.org/10.1080/02713683.2020.1718165
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paraformaldehyde (PFA) for 30min in the dark at 4°C. Cells were again thoroughly washed twice 

and then acquired on a BD Canto II flow cytometer (BD Biosciences, San Jose, CA, USA). 10,000 

live cells were acquired on the flow cytometer for all experiments. Post-acquisition analysis of 

flow-cytometry data was performed with FlowJo version 10 (Tree Star, Inc., Ashland, OR, 

USA). 

Flow Cytometry Analyses 

Gating strategies used in this study are summarized in Figure 1. The neutrophil-lymphocyte ratio 

(NLR) was calculated by dividing the percentage of neutrophils by the percentage of all 

lymphocytes; other cell ratios presented herein including the lymphocyte-monocyte ratio (LMR) 

were calculated in a similar manner. 

Statistical Analyses 

All continuous variables were tested for normal distribution using the D'Agostino-Pearson 

omnibus normality test. These variables were then expressed as the mean and standard error of the 

mean (SEM). Two group comparisons were carried out using Student’s t-test for independent 

samples. Tests with p<0.05 were considered statistically significant. Comparison among more 

than two groups was carried out using one-way analysis of variance (ANOVA) followed by 

Tukey's multiple comparisons post-hoc test. These tests were made using Graphpad Prism 6 

(Graphpad, San Diego, CA, USA). Univariable analyses of demographic factors, linear regression 

and correlation of duration of diabetes vs biomarkers were carried out using Statistical Package 

for the Social Sciences, Windows version 24 (SPSS; SPSS Inc, Armonk, NY, USA). 

 

https://doi.org/10.1080/02713683.2020.1718165
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RESULTS 

Characteristics of Study Participants 

No statistically significant differences between DR patients and healthy controls in age, gender 

distribution, duration of T1D, family history of T1D, systolic blood pressure (BP), diastolic BP, 

body mass index (BMI), smoking history, age at T1D diagnosis, duration of insulin, presence of 

other diabetic complications, proportion with history of macrovascular disease, proportion with 

history of hypertension and duration of hypertension (Table 2).  

Increased neutrophils in patients with T1D and DR 

DR patients compared to healthy controls showed a statistically significantly increased proportion 

of CD16hiHLA-DR- leukocytes (neutrophils; Figure 2A; p=0.0152). In contrast, the proportion of 

HLA-DR+ leukocytes were statistically significantly reduced (Figure 2B; p=0.0406). The 

proportion of non-classical monocytes (CD14-CD16+) in the overall monocyte population was also 

significantly reduced in DR patients compared to healthy controls (Figure 2E; p=0.0204). There 

were no significant differences between DR and controls in other innate immunity parameters, 

including CD56+ (Natural killer cells; Figure 2C; p=0.5078), total monocytes (Figure 2D; 

p=0.7017), classical monocytes (CD14+CD16-; Figure 2F; p=0.7144), intermediate monocytes 

(CD14+CD16+; Figure 2G; p=0.8796), CCR2 (Figures 2H [p=0.2532] and 2I [p=0.2991]), CCR5 

(Figures 2J [p=0.1083] and 2K [p=0.3898]); and CD62L (Figures 2L [p=0.6656] and 2M 

[p=0.6352]).  

 

Reduced lymphocytes in T1D DR 

Compared with healthy controls, the DR patients exhibited a statistically significantly lower 

proportion of circulating lymphocytes (Figure 3A; p=0.0002), including CD4+ T cells (Figure 

3B; p=0.0018), CD8+ T cells (Figure 3C; p=0.0275) and CD19+ B cells (Figure 3D; p=0.0003). 

https://doi.org/10.1080/02713683.2020.1718165
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The expression of CD66a or carcinoembryonic antigen-related cell adhesion molecule 1 

(CEACAM1) and CD157 or bone marrow stromal cell antigen 1 (BST1) on CD4+ T cells was also 

statistically significantly reduced in DR patients compared to healthy controls (Figures 3E 

[p=0.0048] and 3F [p=0.0007]). No statistically significant difference in CD305 or leukocyte-

associated Ig-like receptor-1 (LAIR-1) expression on CD4+ T cells were found between DR 

patients and healthy controls (Figure 3G; p=0.9842). 

 

Increased neutrophil/lymphocyte ratios in T1D DR 

DR patients had a statistically significantly higher neutrophil-lymphocyte ratio (NLR; Figure 4A; 

p=0.0013), CD16hiHLA-DR- neutrophils/T-cell ratio (Figure 4B; p=0.0007), CD16hiHLA-DR- 

neutrophils/CD4+ T-cell ratio (Figure 4C; p=0.0020), CD16hiHLA-DR- neutrophils/CD8+ T-cell 

ratio (Figure 4D; p=0.0109) and CD16hiHLA-DR- neutrophils/CD19+ B-cell ratio (Figure 4E; 

p=0.0002) than age-matched healthy controls and a statistically significantly lower lymphocyte-

monocyte ratio (LMR; Figure 4G; p=0.0273) and T-cell/CD14+ ratio (Figure 4H; p=0.0283). No 

statistically significant differences were found in CD16hiHLA-DR- neutrophils/monocyte ratio 

between DR patients and healthy controls (Figure 4F; p=0.1431). 

 

T1D duration is associated with altered immunophenotype 

Statistically significant negative associations were detected between diabetes duration and (1) the 

percentage of CD8+ T cells, and (2) T-cell/CD14+ ratio (Figures 5A, B). Statistically significant 

positive associations were found between diabetes duration and (1) CD16hiHLA-DR- 

neutrophils/T-cell ratio, (2) CD16hiHLA-DR- neutrophils/CD4+ T-cell ratio, and (3) CD16hiHLA-

DR- neutrophils/CD8+ T-cell ratio (Figures 5C-E). No other statistically significant associations 

https://doi.org/10.1080/02713683.2020.1718165
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between diabetes duration and other biomarkers including CD16hiHLA-DR- neutrophils, total 

lymphocytes, CD4+ T cells and CD19+ B cells were found (Figures 5F-I). 

 

Alteration in innate and adaptive immunity in early and late DR 

To investigate the potential contribution of circulating immune cells to DR initiation and 

progression, patients were sub-grouped into mild NPDR (mNPDR), active PDR (aPDR) and 

inactive PDR (iPDR). The population of total lymphocytes, CD4+ T cells and CD8+ T cells 

progressively decreased from healthy controls, mNPDR to aPDR reaching statistical significance 

at the aPDR stage (Figures 6A-C); whereas the population of CD19+ B cells was significantly 

reduced at the early stage of DR i.e. mNPDR but with no further reduction among aPDR patients 

(Figure 6D). In contrast, the population of neutrophils, the neutrophil/lymphocyte ratio and the 

neutrophil/CD4+ T-cell ratio progressively increased from early to late stages of DR reaching 

statistical significance at the aPDR stage (Figures 6E-G). There were no statistically significant 

differences in any immune cell parameters between aPDR and iPDR patients (Figures 6A-G). 

 

DISCUSSION 

The results from this study suggest that DR is associated with an increased neutrophil-driven 

inflammatory response and a concomitantly diminished lymphocyte-driven immunocompetence. 

Data suggests a reduced level of CD19+ B cells may be implicated in the development of DR, 

whereas reduced CD4+, CD8+ T cells and increased neutrophils may play a role in progression 

from the non-proliferative to the proliferative, more advanced stage of the disease. 

Clinical features of mNPDR include microaneurysms, microhemorrhages, exudates and 

localized vascular leakage.6,15 Retinal capillary walls are composed of endothelial cells, basement 

membrane and pericytes.16 Microaneurysms are dilated vessels, likely result of endothelial and 

https://doi.org/10.1080/02713683.2020.1718165
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pericyte cell deaths. Increased leukostasis is known to contribute to endothelial cell (EC) death in 

DR.17 Previous studies have shown that myeloid-derived cells, in particular, neutrophils are the 

main cell types that cause leukostasis.8,18 Although the population of neutrophils was increased in 

mNPDR patients relative to healthy controls, differences were only statistically significant at the 

aPDR stage, suggesting that neutrophils may play a more prominent role in advanced stages of 

disease and possibly in DR progression from the non-proliferative to the proliferative stages. 

Previous studies showed that antibodies can induce pericyte damage through activation of the 

complement pathway, which may contribute to the pathogenesis of DR.19,20 B cell function is 

regulated by CD4 T helper cells. Our data suggests that dysregulated B-cell immunity may play a 

role in the development of DR. Further studies on the link between reduced B-cell populations and 

pericyte loss would help to understand how dysregulated B-cell immunity could contribute to the 

development of DR in T1D patients.  

It is thought that progression of DR from mNPDR to aPDR is driven by severe ischemia, 

which results from extensive retinal vascular degeneration, with the subsequent release of growth 

factors, including vascular endothelial growth factor (VEGF) which would lead, on its turn, to new 

blood vessels formation. Chronic inflammation is known to contribute towards both retinal 

vascular/neuronal degeneration and angiogenesis.3 The progressive increase in systemic 

neutrophils may lead to an increased number of neutrophils in the retina during the course of DR 

causing continued damage to retinal vasculature through leukostasis. Neutrophils also play an 

important role in pathogenic angiogenesis.21,22 Whether increased number of circulating 

neutrophils could be directly related to the outgrowth of blood vessels in PDR and whether it could 

be used as a predictive biomarker of risk warrant further investigation. 

Neutrophils are the frontline effector cells of the innate immune system that defend the 

body against pathogens; nevertheless, precise control of circulating neutrophil populations is 

essential to balance effective resistance and immunosuppression or inflammation.23 Elevated 

https://doi.org/10.1080/02713683.2020.1718165
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neutrophils in diabetes is reported to occur as a result of increased granulocyte colony-stimulating 

factor (G-CSF) in plasma of T1D patients.24 Nagareddy et al.24 showed that elevated innate 

leukocytes in diabetes is due to diabetes-driven proliferation of bone marrow myeloid progenitors, 

releasing elevated proportions of innate myeloid cells, particularly neutrophils into the circulation.  

Circulating T cells, including CD4+ and CD8+ T cells were more markedly reduced in the 

advanced stages of disease (aPDR) than in early stages (mild NPDR) in this study. These findings 

suggest a link between reduced T-cell immunity and progression of DR from non-proliferative to 

proliferative stages although the underlying mechanisms remain elusive. Compromised T-cell 

immunity may initiate a non-resolving, low-grade inflammatory response which may further 

contribute to DR pathophysiology.25 Perhaps, the reduced adaptive cellular immunity observed in 

the current study may explain, at least partly, why diabetic patients are generally more susceptible 

to developing frequent and protracted bacterial and fungal infections, some of  which are fatal.26,27 

It is accepted that non-classical monocytes can become dendritic cells with greater competence of 

inducing T-cell proliferation.28 The observation of reduced non-classical monocytes herein may 

relate to the reduced populations of T cells in T1D DR.  

The reduction in HLA-DR+ leukocyte proportions may be central to the key changes in 

lymphocyte populations observed in this study and may contribute to DR pathology via diminished 

antigen presentation and consequently, diminished ability to resist diseases.29,30 HLA-DR is a 

major histocompatibility complex, class II (MHC-II) molecule primarily expressed on antigen 

presenting cells (APCs) including dendritic cells and monocytes and is an important player in 

many autoimmune diseases.29,30 It primarily functions to present peptide antigens by APCs to the 

T-cell receptor (TCR) of T-helper cell to elicit responses that eventually lead to antibody 

production and T-helper cell activation and proliferation. Reduced HLA-DR in DR patients 

suggests a reduced capacity of APCs to present antigens, hence less T-cell activation and 

proliferation, and B-cell maturation. 

https://doi.org/10.1080/02713683.2020.1718165
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CD66a is a regulator of immune responses. T-cell activation and tolerance can be regulated 

via the expression of cell surface inhibitory receptors including CD28-related molecules and non-

CD28-related molecules such as CD66a.31 Blocking, inactivating or deleting CD66a is associated 

with hyperactivation of T-cells,31 resulting in an autoimmune disease state and worsening of both 

systemic glucose intolerance and hepatic insulin resistance.32 CD66a also regulates angiogenesis, 

vascular permeability and retinal neovascularization.33 The expression of CD66a on CD4+ cells 

was reduced in the T1D patient cohort in the current study, which may contribute to DR pathology 

via dysregulated T-cell activation. CD157 is mainly known to support B-cell survival and regulate 

chemotaxis in neutrophils.34 Perhaps the importance of CD157 to B-cell survival and antibody 

production35 may partially explain the significant reduction of systemic proportions of CD19+ B 

cells in DR observed herein.  

Taken together, the progressive increase of neutrophils and reduction of T cells, as well as 

the dysregulated T-cell activation in T1D may result in uncontrolled chronic inflammation in the 

diabetic retina, contributing to the progression of the disease from non-proliferative to proliferative 

stages. 

The current study suggests that lower CD19+ B cells could be potentially used as 

biomarkers of risk of DR development while reduced total lymphocytes, CD4+ T cells and CD8+ 

T cells; and increased neutrophils, NLR and neutrophil/CD4+ T-cell ratio could be potentially used 

as biomarkers of DR progression from mNPDR to aPDR. Prospective longitudinal studies are 

warranted to further investigate the prognostic and predictive significance of these biomarkers in 

DR. 

Data suggests that diabetes duration is an independent explanatory variable that has 

significant associations with altered immune cell proportions and ratios in patients with T1D DR, 

with increasing inflammatory immunophenotype and immunodeficiency as T1D duration 

https://doi.org/10.1080/02713683.2020.1718165
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increases. These associations are important especially for clinicians – the immune parameters 

implicated could potentially be considered as predictive biomarkers of risk e.g. DR patients with 

longer duration of T1D may be susceptible for higher neutrophil to T-cell ratio, suggesting 

immunomodulation, thereby requiring closer follow-up. 

Major strengths of this study include the homogeneity of the diabetic background (all T1D) 

and of patients in each diabetic stage (mNPDR, aPDR and iPDR), the use of an age-and gender-

matched control group as well as the masking of the researchers evaluating blood samples with 

regards to clinical findings. The subgrouping of DR into mNPDR, aPDR and iPDR allowed the 

study of potential associations between leukocyte alterations and early DR and the initiation of the 

disease (healthy controls vs mNPDR) and late DR and potentially the progression to advanced 

stages (mNPDR vs aPDR). It also allowed an evaluation of the potential impact of treatment of 

aPDR on the circulatory immune system (aPDR vs iPDR). Limitations include the small sample 

size in each of the DR subgroups, the pilot cross-sectional study design due to unavailability of 

prior data required for power calculation and the recruitment of all participants from a single 

geographical location (Belfast, Northern Ireland). Our results need to be confirmed in large cohort 

studies. 

CONCLUSIONS 

Data presented in this pilot study supports the association of DR with increased innate immunity, 

reduced adaptive immunity and reduced APC antigen-presentation capacity. Reduced expression 

of CD66a and CD157 on CD4+ T cells were all observed in patients with DR. Data suggests that 

an altered systemic immune status could contribute to both DR development and progression. 

Furthermore, a longer duration of diabetes was associated with pathological changes in immune 

parameters including neutrophil/CD4+ T-cell ratio and CD8+ T-cell proportions. Large cohort 

multicenter studies will be needed to confirm the results and to further investigate the functional 

https://doi.org/10.1080/02713683.2020.1718165
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alterations of immune cells in DR in order to understand the immune mechanisms and identify 

potential targets for immunotherapy. 

ABBREVIATIONS 

AGEs: advanced glycation end-products; ANOVA: analysis of variance; APCs: antigen-

presenting cells; aPDR: active proliferative diabetic retinopathy; BMI: body mass index; BP: blood 

pressure; BRB: blood-retina-barrier; DR: diabetic retinopathy; EC: endothelial cell; EDTA: 

ethylenediaminetetraacetic acid; G-CSF: granulocyte colony-stimulating factor; iPDR: inactive 

proliferative diabetic retinopathy; LMR: lymphocyte-monocyte ratio; MHC-II: major 

histocompatibility complex, class II; mNPDR: mild non-proliferative diabetic retinopathy; NLR: 

neutrophil-lymphocyte ratio; NPDR: non-proliferative diabetic retinopathy; PDR: proliferative 

diabetic retinopathy; PRP: pan-retinal photocoagulation; SEM: standard error of the mean; SPSS: 

statistical package for the social sciences; T1D: type 1 diabetes; TCR: T-cell receptor; VEGF: 

vascular endothelial growth factor 
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Figures and legends 

Figure 1: Gating strategies used in flow cytometry analyses to identify subsets of circulating 

leukocytes. Representative image showing (A) Forward-scatter area (FSC-A) vs side-scatter area 

(SSC-A) plot used to exclude debris and the gated population was then plotted as (B) FSC-A vs 

SSC-A plot revealing three leukocyte subsets: lymphocytes, monocytes and granulocytes; 

Representative data of (C) HLA-DR vs CD16 showing CD16hiHLA-DR- neutrophils; (D) CD4 vs 

CD8 showing CD4+ and CD8+ T-lymphocytes; (E) CD56 vs CD19 showing CD56+ natural killer 

cells and CD19+ B cells; (F) HLA-DR vs SSC-A showing HLA-DR+ cells and (G) CD14 vs SSC-

A showing CD14+ cells. Monocytes were identified by plotting (H) CD14 vs CD16 to exclude 

CD16- and CD14- cells. The gated population was then plotted as (I) HLA-DR vs CD16 to exclude 

CD16+HLA-DR- cells and show monocytes. The gated population was then plotted as (J) CD14 

vs CD16 showing true monocyte population comprising of three subsets: CD14+CD16- (Classical 

monocytes), CD14+CD16+ (Intermediate monocytes) and CD14-CD16+ (non-classical 

monocytes). Leukocyte subsets and gate frequencies in plots (C-H), (I) and (J) were based on plots 

(B), (H) and (I) respectively. 
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Figure 2: Characterization of innate immune cells, including neutrophils, monocytes, HLA-DR 

and other surface marker characteristics in DR patients and healthy controls. (A-D) The 

percentages of total leukocytes that are: (A) CD16hiHLA-DR- neutrophils; (B) HLA-DR+; (C) 

CD56+ and (D) Monocytes. (E-F) The percentages of monocytes that are: (E) Non-classical 

monocytes (CD14-CD16+); (F) Classical monocytes (CD14+CD16-) and (G) Intermediate 

monocytes (CD14+CD16+). (H-M) The average expression level of: CCR2 on (H) CD16hiHLA-

DR- neutrophils and (I) Monocytes; CCR5 on (J) CD16hiHLA-DR- neutrophils and (K) 

Monocytes; CD62L on (L) CD16hiHLA-DR- neutrophils and (M) Monocytes. Results are 

presented as mean ± SEM. n=13 for healthy and 39 for DR. *P < 0.05 in Independent samples T-

test. 
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Figure 3: Characterization of adaptive immune cells, including lymphocytes, CD66a and CD157 

in DR patients and healthy controls. (A-D) The percentages of total leukocytes that are: (A) Total 

lymphocytes; (B) CD4+ T-cells; (C) CD8+ T-cells and (D) CD19+ B-cells. (E-G) The average 

expression level of: (E) CD66a (CEACAM1); (F) CD157 (BST1) and (G) CD305 (LAIR1) on 

CD4+ T-cells. Results are presented as mean ± SEM. n=13 for healthy and 39 for DR. *P < 0.05, 

**P < 0.01, ***P < 0.001 in Independent samples T-test. 
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Figure 4: Characterization of immune cell ratios in DR patients and healthy controls. (A) 

Neutrophil-lymphocyte ratio; (B) CD16hiHLA-DR- neutrophils/T-cell ratio; (C) CD16hiHLA-DR- 

neutrophils/CD4+ T-cell ratio; (D) CD16hiHLA-DR- neutrophils/CD8+ T-cell ratio; (E) 

CD16hiHLA-DR- neutrophils/CD19+ B-cell ratio; (F) CD16hiHLA-DR- neutrophils/monocyte 

ratio (G) Lymphocyte-monocyte ratio and (H) T-cell/CD14+ ratio. Results are presented as 

mean ± SEM. n=13 for healthy and 39 for DR. *P < 0.05, **P < 0.01, ***P < 0.001 in Independent 

samples T-test. 
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Figure 5: The relationship between duration of type-1 diabetes (T1D) and systemic 

immunophenotype of DR patients. (A-I) Correlation of T1D duration against: (A) CD8+ T-cells; 

(B) T-cell/CD14+ ratio; (C) CD16hiHLA-DR- neutrophils/T-cell ratio; (D) CD16hiHLA-DR- 

neutrophils/CD4+ T-cell ratio; (E) CD16hiHLA-DR- neutrophils/CD8+ T-cell ratio; (F) 

CD16hiHLA-DR- neutrophils; (G) Total lymphocytes; (H) CD4+ T-cells and (I) CD19+ B-cells. 

Regression line, significance levels (p), coefficient of determination (R2) and regression 

equation (y = a + bx) are shown on each graph. n=39-41. Linear regression. 
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Figure 6: Changes in populations of adaptive and neutrophilic immune cells respectively with DR 

progression. (A-E) The percentages of total leukocytes that are: (A) Total lymphocytes; (B) CD4+ 

T-cells; (C) CD8+ T-cells; (D) CD19+ B-cells and (E) CD16hiHLA-DR- neutrophils. (F) 

Neutrophil-lymphocyte ratio and (G) CD16hiHLA-DR- neutrophils/CD4+ T-cell ratio. Results are 

presented as mean ± SEM. n=12-14 per group. *P < 0.05, **P < 0.01 in Independent samples T-

test.
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Table 1: Antibodies used for flow cytometry 

Antigen Clone Conjugate Dilution Company Catalogue 

CD4 RPA-T4 PB 1:40 

BD-

Biosciences 

558116 

CD4 RPA-T4 PerCp-

Cy5.5 

1:40 560650 

CD8 RPA-T8 PE-Cy7 1:40 557746 

CD19 HIB19 FITC 1:10 555412 

CD56 B159 PE 1:10 555516 

CD14 MφP9 APC-Cy7 1:40 557831 

CD16 3G8 PB 1:40 558122 

CD11b ICRF44 PE 1:40 555388 

CCR5 2D7/CCR5 PE-Cy7 1:20 557752 

CD157 SY/11B5 BV421 1:40 564869 

CD62L Dreg56 APC 1:14.3 559772 

CD305 DX26 BB515 1:40 565153 

CCR2 TG5/CCR2 PerCp-

Cy5.5 

1:40 Biolegend 335303 

HLA-

DR 

L243 PE 1:40 eBioscience 9012-9952-120 

CD66a 283340 APC 1:20 R&D 

Systems 

FAB2244A 
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Table 2: Demographics and clinical characteristics of study participant 

 

Participants characteristics 

All  

(n=54; 

100%) 

HC (n=13; 

24.1%) 

DR  

(n=41; 75.9%) 

 

DR Subtypes P values 

mNPDR (n=13; 

24.1%) 

iPDR (n=14; 

25.9%) 

aPDR (n=14; 

25.9%) 

HC vs DR 

Age (mean±SD), years 47±11.7 44.5±9.6 47.8±12.27 47.8±9.2 41.9±12.5 53.6±12.4 0.385* 

Female (No. (%)) 16 (29.6) 4 (30.8) 12 (22.2) 4 (30.8) 5 (35.7) 3 (21.4) 0.918† 

Duration of T1D (mean±SD), years 24.1±16.8 N/A 31.75±11.25 28.9±8 30.3±13.2 35.9±11.2 N/A 

Family history of T1D (No. (%)) 31 (57.4) 8 (61.5) 23 (42.6) 8 (61.5) 8 (57.1) 7 (50) 0.73† 

Age at T1D diagnosis (mean±SD), 

years 

16.3±8.72 N/A 16.3±8.72 19±8.6 12.3±8.2 17.7±8.5 N/A 

Duration of Insulin use (mean±SD) 23.6±16.7 N/A 31.15±11.51 28.8±7.8 28.6±13.8 35.8±11.1 N/A 

Time of blood collection (mean±SD,  

hours 

13±2.6 12.6±3.2 13.2±2.34 13.9±2.4 12.6±2.1 13±2.6 0.552* 

Systolic BP (mean±SD), mmHG 131.7±17.5 130.77±17 132±17.9 131.7±18.6 128.6±19 135.6±16.7 0.828* 

Diastolic BP (mean±SD), mmHG 76.85±11.4 77±10.8 76.8±11.67 74.9±11.3 75.4±12.3 80±11.6 0.958* 

BMI (mean±SD) 29.5±6.0 28.5±7.5 29.85±5.44 29.7±4.2 28.7±5.5 31.1±6.4 0.495* 

Have other diabetic complications 

(No. (%)) 

11 (20.4) N/A 11 (20.4) 2 (15.4) 3 (21.4) 6 (42.9) N/A 

History of macrovascular disease 

(No. (%)) 

8 (14.8) N/A 8 (14.8) 1 (7.7) 2 (14.3) 5 (35.7) N/A 

Smoking history    0.071† 

Non-smoker (No. (%)) 30 (55.6) 7 (53.8) 23 (42.6) 7 (53.8) 7 (50) 9 (64.3)  

Former smoker (No. (%)) 20 (37) 3 (23.1) 17 (31.5) 6 (46.2) 7 (50) 4 (28.6)  

Current tobacco smoker (No. (%)) 3 (5.6) 2 (15.4) 1 (1.9) 0 (0) 0 (0) 1 (7.1)  

Current e-cigarette smoker (No. (%)) 1 (1.9) 1 (7.7) 0 (0) 0 (0) 0 (0) 0 (0)  

History of hypertension (No., (%)) 13 (24.1) N/A 13 (24.1) 3 (23.1) 3 (21.4) 7 (50) N/A 

Duration of hypertension   0.143† 

Never (No. (%)) 41 (75.9) 13 (100) 28 (51.9) 10 (76.9) 11 (78.6) 7 (50)  

<5 years (No. (%)) 4 (7.4) 0 (0) 4 (7.4) 1 (7.7) 1 (7.1) 2 (14.3)  

5-10 years (No. (%)) 8 (14.8) 0 (0) 8 (14.8) 1 (7.7) 2 (14.3) 5 (35.7)  

>10 years (No. (%)) 1 (1.9) 0 (0) 1 (1.9) 1 (7.7) 0 (0) 0 (0)  

* Independent samples t-test; † Pearson’s chi-square test; SD Standard deviation; N/A Not applicable; HC – healthy control; DR – diabetic retinopathy; mPCR – mild 

non-proliferative DR, aPCR – active PCR, iPCR – inactive PDR 
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