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Abstract

Objective: To quantify T helper (Th)17 cells and determine interleukin (IL)-17A levels in

peripheral blood mononuclear cell (PBMC) culture and vitreous fluid from patients with type 2

diabetes mellitus (T2DM) with diabetic retinopathy (DR).

Methods: Th17 cell frequency and IL-17A concentrations in PBMCs from 60 patients with T2DM

with DR, 30 without DR and 30 sex- and age-matched healthy individuals were measured by flow

cytometry and enzyme-linked immunosorbent assay (ELISA), respectively. IL-17A levels in vitreous

fluid from 31 eyes with proliferative DR and diabetic macular oedema (DR group) and 32 eyes with

an epiretinal membrane and macular hole (control group) that underwent vitrectomy were also

examined by ELISA.

Results: Compared with the control group, the proportion of Th17 cells and IL-17A

concentrations in PBMCs were significantly increased in patients without DR but decreased in

those with DR. IL-17A concentrations and Th17 cell frequency in PBMCs tended to decrease with

DR severity and were negatively correlated with body mass index, T2DM duration and glycated

haemoglobin. Additionally, vitreous fluid IL-17A levels were significantly elevated in patients with

DR compared with those of the control group.

Conclusions: We conclude that disturbances in Th17 cells and IL-17A levels are possibly

associated with DR.

Journal of International Medical Research

2016, Vol. 44(6) 1403–1413

! The Author(s) 2016

Reprints and permissions:

sagepub.co.uk/journalsPermissions.nav

DOI: 10.1177/0300060516672369

imr.sagepub.com

State Key Laboratory of Ophthalmology, Zhongshan

Ophthalmic Center, Sun Yat-sen University, Guangzhou,

China

Corresponding author:

Feng Wen, State Key Laboratory of Ophthalmology,

Zhongshan Ophthalmic Center, Sun Yat-sen University, 54

South Xianlie Road, Guangzhou 510060, China.

Email: wenfeng208@foxmail.com

Creative Commons CC-BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial

3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction and

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.

sagepub.com/en-us/nam/open-access-at-sage).



Keywords

Diabetic retinopathy, interleukin-17A, peripheral blood mononuclear cells, T helper 17 cells, type 2

diabetes mellitus

Date received: 8 April 2016; accepted: 12 September 2016

Introduction

Diabetes mellitus is a latent disorder that is
increasing globally and expected to affect
300 million people by 2025.1 Type 2 diabetes
mellitus (T2DM) is the most prevalent type
of diabetes.2 Recently, the involvement of
inflammation and immune mechanisms has
been studied extensively in T2DM.3–7

Diabetic retinopathy (DR) is a common
complication of diabetes and is the primary
cause of postnatal blindness.8 There is
increasing evidence that the inflammatory
process may play an important role in DR
pathogenesis and progression. Elevated
inflammatory cytokine, chemokine and
growth factor levels can be detected in
vitreous fluids and the aqueous humour of
patients with DR.9–15 However, the patho-
genesis underlying DR remains to be
defined. Recent studies have indicated that
an autoimmune mechanism is involved in
the proliferative stage of DR. Yet, little
information is available regarding immune
disturbances in patients with T2DM with
DR, particularly the role of T helper (Th)
cells and their immune function.16–18 Our
previous study demonstrated that PBMC
interleukin (IL)-22 levels were significantly
elevated in patients with proliferative DR,
indicating a possible role for Th22 cells.19

Moreover, another subset of effector
CD4þTh cells, Th17 cells, have been impli-
cated in T2DM pathogenesis. Th17 cells are
a new T-cell lineage characterized by the
production of IL-17A. A recent study
revealed that Th17 cells and IL-17A levels
were elevated in patients with T2DM, which
likely promoted chronic inflammation.20

Whether similar immune mechanisms are
also involved in DR is presently unknown.

Therefore, it is important to determine Th17
cell behaviour, particularly in mononuclear
cells, associated with DR to identify under-
lying mechanisms in patients with T2DM.

In the present study, we compared
IL-17A production in peripheral blood
mononuclear cells (PBMCs) from patients
with T2DMwith or without DR and healthy
volunteers. We investigated the Th17 cell
frequency among PBMCs. IL-17A concen-
trations in the vitreous fluid of eyes from
patients with DR and control eyes with an
epiretinal membrane and macular hole were
also analysed. Finally, we established
whether IL-17A concentrations and Th17
cell frequency were related to DR severity.

Methods

Subjects and sample preparation

We selected 60 patients with T2DM with
DR and 30 without DR from the Outpatient
Clinics at the Zhongshan Ophthalmic
Centre, China, and 30 healthy, non-smoking
volunteers (Table 1). T2DM diagnosis was
confirmed using the American Diabetes
Association, 2002 standards.21 We excluded
patients with infectious diseases or other
diabetic complications, such as nephropathy,
and those using immunosuppressive drugs.
DR was assessed by fluorescein fundus angi-
ography (FF450 fundus camera; Carl Zeiss
Meditec AG, Jena, Germany). Body mass
index (BMI) was calculated as weight (kg)/
height (m2). DR was classified according to
the new international classification stand-
ard.22 Patients with DR were divided into
two groups: nonproliferative DR (NPDR;
n¼ 30; 16 male and 14 female) and prolif-
erative DR (PDR; n¼ 30; 15 male and 15
female) (Table 2). The project followed the
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tenets of the Declaration of Helsinki, and all
experimental protocols were approved by the
Ethics Committee at our institution. Patients
gave their written informed consent to par-
ticipate in the study.

A whole blood sample (12ml) was
obtained from each study participant and
placed in a sterile tube containing lithium
heparin as an anticoagulant (Vacutainer;
BD Biosciences, Franklin Lakes, NJ, USA)
for the cell proliferation test and cytokine
quantification. Additional blood samples
were obtained for the measurement of
fasting plasma glucose (FPG) and glycated
haemoglobin (HbA1c) levels.

An initial pars plana vitrectomy was
performed [n¼ 63 total; n¼ 31 with

proliferative DR and/or diabetic macular
edema (DR group) and n¼ 32 with an
epiretinal membrane and macular hole (con-
trol group)] followed by a vitreous fluid
assay. Patient backgrounds are summarized
in Table 3. Approximately 0.3ml of undi-
luted vitreous fluid was collected from each
eye with a plastic syringe using a vitreous
cutter, and vacuum pressure was manually
applied before perfusion initiation during
the initial vitrectomy procedure.

Cell isolation and culture

PBMCs were prepared from heparinized
blood by Ficoll-Hypaque density-gradient
centrifugation. To study IL-17A

Table 1. Clinical and biochemical characteristics of patients with type 2 diabetes mellitus without

retinopathy (NDR) and with retinopathy (DR) and non-diabetic control subjects.

Control subjects

(N¼ 30)

NDR

(N¼ 30)

DR

(N¼ 60) p

Sex (m/f) 17/13 12/18 31/29 0.407

Age (years) 62.67� 9.09 59.43� 7.73 61.30� 6.44 0.248

BMI (kg/m2) 20.63� 1.89 21.76� 1.72 23.46� 2.97 <0.001*

Diabetes duration (years) � 7.90� 3.16 14.38� 3.71 <0.001*

FPG (mg/dl) 81.07� 5.69 152.36� 12.13 176.15� 11.66 <0.001*

HbA1c (%) 5.25� 0.58 7.89� 1.36 8.45� 1.37 <0.001*

NDR, type 2 diabetes mellitus without diabetic retinopathy; DR, diabetic retinopathy; BMI, body mass index; f, female; FPG:

fasting plasma glucose; HbA1c, glycated haemoglobin; m, male.

Data are expressed as mean� SD.

Table 2. Clinical and biochemical characteristics of patients with nonproliferative diabetic retinopathy

(NPDR) and proliferative diabetic retinopathy (PDR).

NPDR

(N¼ 30)

PDR

(N¼ 30) p

Sex (m/f) 16/14 15/15 0.796

Age (years) 62.27� 6.52 60.33� 6.33 0.249

BMI (kg/m2) 23.03� 2.93 23.89� 3.00 0.265

Diabetes duration (years) 13.23� 4.00 15.53� 3.04 0.015*

FPG (mg/dl) 169.33� 10.54 182.97.� 8.33 <0.001*

HbA1c (%) 7.93� 0.89 8.97� 1.57 0.003*

NPDR, non-proliferative diabetic retinopathy; PDR, proliferative retinopathy; BMI, body mass index; f, female; FPG, fasting

plasma glucose; HbA1c, glycated haemoglobin; m, male.

Data are expressed as mean� SD.
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production, PBMCs were stimulated with
phytohaemagglutinin (5mg/ml) at
2� 106 cells/ml and 250 ng/ml ionomycin
(Sigma-Aldrich, St Louis, MO, USA) for
48 h at 37�C in a 5% CO2 atmosphere.

Enzyme-linked immunosorbent
assay (ELISA)

IL-17A concentrations in PBMCs and vit-
reous fluid from patients with T2DM and
healthy controls were determined using the
Human IL-17A Quantikine ELISA kit
(BMS2017; eBioscience, San Diego, CA,
USA). All procedures were conducted at
room temperature, and the mean absorb-
ances of the standards and samples were
determined from duplicates. The reaction
was assayed at 450 nm using a Varioskan
flash multifunction plate reader (Thermo
Fisher Scientific, Waltham, MA, USA).

Intracellular cytokine staining

PBMCs were stimulated with 20ng/ml phor-
bol myristate acetate and 1mg/ml ionomycin
(Sigma-Aldrich) for 6 h to detect IL-17-
producing T cell frequencies in patients with
DR. BrefeldinA (10mg/ml; Sigma)was added
to cultured PBMCs for 4 h. Stimulated
PBMCs were washed in phosphate-buffered
saline (137mM sodium chloride, 2.7mM
potassium chloride, 10mM disodium hydro-
gen phosphate, 2mM potassium dihydrogen
phosphate, pH 7.4) and incubated
with phycoerythrin-Cy7-labeled anti-CD8
(eBioscience) and fluorescein-isothiocyanate-
labelled anti-CD69 (eBioscience) or matched
isotype (eBioscience) for 30min in the dark at
4�C. PBMCs were then fixed in 4% formal-
dehyde, permeabilised with 0.1% saponin
(Sigma) and stained with peridinin-chloro-
phyll-protein-labelled anti-CD3 (BD
PharMingen, San Diego, CA, USA), phy-
coerythrin-labelled anti-IL-17 (eBioscience)
or matched isotype control monoclonal

antibody (eBioscience). Cells were analysed
using a FACSCalibur andCellQuest software
(Becton Dickinson Biosciences, San Jose,
CA, USA).

Statistical analysis

All analyses were performed using SPSS for
Windows version 19.0 (SPSS, Chicago, IL,
USA). Group differences between patients
with diabetes and controls were analysed
using one-way analysis of variance or non-
parametric Kruskal-Wallis tests, depending
on normality assumptions and homogeneity
of variances. Parameters with significant
differences among all groups were further
analysed using the Mann-Whitney U test or
Student t test. Correlations among study
parameters were analysed by Spearman’s
correlation test. Graphs were prepared using
Prism version 5 (GraphPad Software, La
Jolla, CA, USA). For all tests, P< 0.05 was
considered statistically significant.

Results

Clinical characteristics

Baseline characteristics of the study subjects
are displayed in Table 1. No significant
differences in age, and male to female ratio
were observed between the control, non-DR
and DR groups. Compared with the control
and non-DR groups, subjects with DR had
significantly higher BMIs, longer T2DM
duration and elevated FPG and HbA1c
levels (all P< 0.001, Table 1). Subjects with
PDR had a significantly prolonged T2DM
duration (P¼ 0.015) and elevated FPG
(P< 0.001) and HbA1c (P¼ 0.003) levels
compared with those of the NPDR group
(Table 2). In patients that underwent vitrec-
tomy, those with DR also had significantly
higher BMIs (P< 0.001) and increased FPG
(P< 0.001) and HbA1c (P< 0.001) concen-
trations compared with those of the control
group (Table 3).
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IL-17A concentrations in cultured
PBMC supernatants

Low IL-17A concentrations were detected in
unstimulated PBMC supernatants. After
stimulation, IL-17A levels were significantly
higher in patients with T2DM without DR
than those in healthy controls (P< 0.001).
In contrast, IL-17A concentrations were
lower in patients with DR compared with
those in healthy controls (P< 0.001,
Figure 1(a)). IL-17A levels in the PDR
group were significantly lower than those
in the NPDR group (P¼ 0.008, Figure 1(b)).

Th17 cell frequencies in PBMCs

Representative cytometric profiles of cyto-
kine-positive Th17 cells from the DR, non-
DR and healthy control groups are dis-
played in Figure 2. Compared with healthy
controls (1.77� 1.18%), the percentage of
peripheral Th17 cells was significantly
increased in the non-DR patient group
(3.76� 1.78%, P< 0.0001) and significantly
decreased in the DR group (0.58� 0.55%,
P< 0.0001). Compared with the NPDR
group (0.98� 0.51%), Th17 cell frequency
was significantly decreased in the PDR
group (0.18� 0.13%, P< 0.001).

Correlation between PBMC cytokine
profiles and disease phenotype

Spearman’s correlation analysis was
performed to analyse the association between
mean cytokine levels and various biochemical
parameters. BMI, T2DM duration and
HbA1c levels were negatively correlated with
IL-17 concentrations (r¼� 0.264, P¼ 0.012;
r¼�0.696, P< 0.001; r¼�0.304; P¼ 0.003,
respectively) and Th17 cell frequency
(r¼�0.238, P¼ 0.024; r¼�0.711,
P< 0.001; r¼�0.300; P¼ 0.004, respect-
ively) (Figure 3). IL-17 concentrations were
positively correlated with Th17 cell frequency
in all subjects (r¼ 0.711; P< 0.001).

Multivariate logistic regression analysiswas
performed using disease phenotype as the
dependent variable and IL-17A levels as the
independent variable. PBMC IL-17A levels
and Th17 cell frequency displayed a significant
positive associationwithT2DM[IL-17A: odds
ratio (OR)¼ 1.001; 95% confidence interval
(CI)¼ 1.000–1.002; P¼ 0.004; Th17: OR¼
2.555; 95% CI¼ 1.471–4.438; P¼ 0.001] and
a significant negative association with DR
(IL-17A: OR¼ 0.998; 95% CI¼ 0.998–1.000;
P< 0.001; Th17: OR¼ 0.071; 95% CI¼
0.022–0.225; P< 0.001), even after adjusting
for age and sex.

Table 3. Clinical and biochemical characteristics of patients with diabetic retinopathy (DR) and healthy

controls that underwent vitrectomy.

Control

(N¼ 32)

DR

(N¼ 31) p

Sex (m/f) 18/14 16/15 0.802

Age (years) 60.75� 6.46 60.74� 5.85 0.996

BMI (kg/m2) 20.62� 1.90 23.85� 2.94 <0.001*

Diabetes duration (years) – 15.52� 3.00 –

FPG (mg/dl) 81.31� 5.92 182.84.� 8.35 <0.001*

HbA1c (%) 5.35� 0.67 8.90� 1.59 <0.001*

BMI, body mass index; DR, diabetic retinopathy; f, female; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; m,

male.

Data are expressed as mean� SD.
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IL-17A concentrations in vitreous fluids

The DR group displayed significantly higher
vitreous fluid IL-17A levels compared with
those of the control group (P< 0.001)
(Figure 4(a)). IL-17A levels in vitreous
fluid were significantly higher than those in
PBMCs from patients with DR (P< 0.001)
(Figure 4(b)).

Discussion

DM incidence has increased dramatically in
recent decades. However, the pathogenesis
of T2DM and its inflammatory complica-
tions, such as retinopathy, have yet to be
established. It appears that immune func-
tion, and particularly T cells, plays an
important role in the induction and exacer-
bation of T2DM and associated micro-
vascular complications.

In this study, we examined the levels of
circulating Th17 subsets in patients with
T2DM with DR. We observed a significant
decrease in the Th17 population, which was
detected by cytokine production assays and

Th17 cell frequency, in patients with T2DM
with DR compared with that of healthy
controls. The Th17 cell proportion and
IL-17A concentrations in PBMCs were dra-
matically decreased as the disease pro-
gressed. However, vitreous fluid IL-17A
levels in patients with DR were significantly
higher than those in the control group. Our
study suggests that Th17 immunity is
involved in the systemic immune responses
in patients with T2DM with DR.

IL-17A is an important cytokine impli-
cated in the pathogenesis of autoimmune
diseases.23,24 Recent findings have identified
T2DM as a chronic inflammatory disease
with changes in Th17 cell function. Shawn
et al. determined that T cells from diet-
induced obese mice expanded the Th17 cell
pool and progressively increased IL-17A
production in an IL-6-dependent process,
compared with their lean littermates.25 This
suggests that Th17 contributes to T2DM
inflammation and insulin resistance.
Sumarac-Dumanovic et al.24 demonstrated
that the IL-23/IL-17A axis was stimulated in
women with obesity, which is a primary risk

Figure 1. Interleukin (IL)-17A levels in stimulated cultured peripheral blood mononuclear cell (PBMC)

supernatants measured by enzyme-linked immunosorbent assay (ELISA). (a) IL-17A levels in PBMC

supernatants from patients with type 2 diabetes mellitus and no diabetic retinopathy (NDR) (n¼ 30), patients

with diabetic retinopathy (DR) (n¼ 60) and healthy control subjects (n¼ 30). (b) IL-17A levels in PBMC

supernatants from patients with nonproliferative DR (NPDR) (n¼ 30) and proliferative DR (PDR) (n¼ 30).

PBMCs were cultured with phytohaemagglutinin (5 mg/ml) for 48 h. Data are represented as mean� SD.
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Figure 2. (a–d) Representative flow-cytometric profiles of interleukin (IL)-17-producing CD3þCD8� T

cells from patients with type 2 diabetes mellitus with no diabetic retinopathy (NDR), nonproliferative DR

(NPDR) and proliferative DR (PDR) and healthy control subjects. Percentages of the indicated cells are

displayed in the quadrant areas. (e) Percentages of CD3þCD8� T cells with positive intracellular staining for

IL-17 in peripheral blood mononuclear cells (PBMCs) from patients with NDR (n¼ 30), patients with DR

(n¼ 60) and healthy control subjects (n¼ 30). (f) Percentages of CD3þ CD8� T cells with positive

intracellular staining for IL-17 in PBMCs from patients with NPDR (n¼ 30) and PDR (n¼ 30).

Chen et al. 1409



Figure 3. (a) Correlation between interleukin (IL)-17A concentrations in activated peripheral blood

mononuclear cell (PBMCs) culture supernatants and type 2 diabetes mellitus (T2DM) duration. (b)

Correlation between IL-17þCD3þCD8� T cells in PBMCs and T2DM duration. (c) Correlation between IL-

17A concentrations in activated PBMC culture supernatants and glycated haemoglobin (HbA1c) levels in

patients with T2DM. (d) Correlation between IL-17þCD3þCD8� T cells in PBMCs and HbA1c levels in

patients with T2DM. (e) Correlation between IL-17A concentrations in activated PBMC culture supernatants

and body mass index (BMI) in patients with T2DM. (f) Correlation between IL-17þCD3þCD8� T cells in

PBMCs and BMI in patients with T2DM. (g) Correlation between IL-17A concentrations in activated PBMC

culture supernatants and IL-17þCD3þCD8� T cells in PBMCs. Spearman correlation test was used (P< 0.05

significant) (r¼ correlation coefficient).
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factor for diabetes. Another recent study
reported that patients with T2DM had
higher PBMC IL-17A expression than that
in healthy controls, indicating that T cells
are skewed toward proinflammatory subsets
that likely promote chronic inflammation
through elevated cytokine production.20 In
our previous study, although no significant
difference in serum IL-17A levels was
observed between patients with T2DM and
healthy controls,19 serum IL-17A concen-
trations were relatively low, and serum
cytokine levels are influenced by many fac-
tors. Thus, in the current study, we used
PBMC cultures to evaluate IL-17 levels in
patients with T2DM and healthy controls.
Similarly, our study provided evidence that
IL-17A levels and Th17 cells were both
markedly increased in patients with T2DM
without DR, supporting a role for Th17
immunity in systemic inflammation in
T2DM. Thus, based on our study and
previous reports, we infer that increased
IL-17A production in T2DM patients with-
out DR is part of the autoimmune process in
T2DM.

An unexpected finding in our study was
that low circulating IL-17A levels were
observed in the DR group. Our results are
consistent with a previous study on

metabolic syndrome26 and with the study
by Arababadi et al.27 in which serum IL-17A
levels were significantly increased in patients
with T2DM and decreased as the patients
developed progressive end-stage nephropa-
thy. This paradoxical pattern of change in
IL-17A expression in patients with T2DM
with or without DR remains elusive.
However, there are several possible explan-
ations. First, it may be attributed to
impaired activation of the adaptive
immune system in patients with T2DM
with DR. A previous study revealed a
reduced blood CD4þ lymphocyte count as
the severity of DR increased.28 Decreasing
CD4þ lymphocyte count is considered
essential in the initiation and propagation
of inflammation,29 leading to DR-associated
damage to the retinal vasculature and retinal
neovascularization.30 These findings suggest
weakened cellular immunity in patients with
DR. Second, patients with DR in our study
had a long T2DM duration. Previous evi-
dence has demonstrated a positive correl-
ation between T2DM duration and DR
risk.31,32 Therefore, Th17 cells in patients
with T2DM with DR are indicative of
impaired PBMCs. This is likely caused by
two mechanisms: (1) an immunological
abnormality of the disease itself that we

Figure 4. (a) Interleukin (IL)-17A levels in the vitreous fluid measured by enzyme-linked immunosorbent

assay (ELISA). IL-17A levels were significantly higher in patients with DR than those in the control group

(p< 0.001). (b) Vitreous fluid IL-17A levels were significantly higher than those in PBMCs in patients with DR

(p< 0.001). Data are represented as mean� SD.
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mentioned above; and (2) chronic activation
of the immune system related to the auto-
immune process of T2DM, which may
induce a diminished PBMC response to the
stimulus. The deficiencies in PBMC activa-
tion and the immune response may contrib-
ute to the increased incidence of
extracellular infections in patients with
T2DM. Third, it is possible that most of
the circulating IL-17A is excreted into the
eyes in patients with DR. In the present
study, vitreous fluid IL-17A levels in the DR
group were higher than those in the control
group. Additionally, we observed that IL-
17A concentrations were higher in PBMCs
than in vitreous fluid. Therefore, we
hypothesize that intraocular IL-17A origi-
nated primarily from the circulation, and
increased IL-17A levels contributed to DR
development and progression. In summary,
not only is DR an autoimmune disorder, but
other etiological factors, such as environ-
mental and genetic conditions, may also be
involved in this complication. Future studies
to determine the mechanistic processes
underlying this phenomenon are warranted.

Conclusions

Our study revealed significant differences in
Th17 levels between patients with T2DM
with DR and healthy controls. The decrease
in Th17 cell frequency and circulating IL-
17A concentrations and the increase in
vitreous fluid IL-17A levels are possibly
associated with the pathogenesis of T2DM
with DR, which is a multifactorial disorder
involved in various physiological and patho-
logical conditions. The causal role of Th17
immunity and the cellular mechanisms
underlying DR pathogenesis remain to be
elucidated.
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