
Diabetic retinopathy (DR) is a severe microvascular 
complication of diabetes mellitus and a common vision-
threatening disease, characterized by retinal microvascular 
damage leading to vascular leakage and ischemia-induced 
retinal neovascularization [1-3]. However, the pathogenesis of 
DR is not well understood. Currently, it is known that DR is 
associated with low-grade subclinical inflammatory disease, 
manifested as the influx of macrophages and leukocytes and 
the increased concentrations of inflammatory cytokines, such 
as interleukin-1β (IL-1β), tumor necrosis factor α, and IL-6 
[4-8].

IL-6 is a pleiotropic cytokine that regulates various 
physiologic processes, such as inflammation and immune 
responses, by acting on a wide variety of cells, including 
leukocytes, endothelial cells (ECs), and fibroblasts [9,10]. 
The bioactivity of IL-6 is controlled by a membrane-
bound receptor that is composed of two subunits: a cognate 
receptor subunit (IL-6R) that specifically recognizes IL-6 
and a signal-transducing molecule glycoprotein 130 (gp130) 
[11-14]. In addition to the membrane-bound receptors, soluble 

forms of both receptors have been found in biologic fluids, 
the soluble IL-6R (sIL-6R) and the soluble gp130 (sgp130). 
sIL-6R, together with IL-6, can bind surface gp130 and elicit 
a biologic response in cells that do not express surface IL-6R. 
This type of activation has been named “trans-signaling,” and 
it not only renders a large new spectrum of cells responsive 
to IL-6 activation but also can elicit changes in physiologic 
processes ranging from control of the immune response to the 
maintenance of pathological states [15]. The trans-signaling 
mechanism is regulated by sgp130, which is a natural inhib-
itor and forms a complex with IL-6/sIL-6R, preventing the 
binding of IL-6/sIL-6R to membrane-bound gp130 [16].

The IL-6/sIL-6R/sgp130 complex has been shown to 
be involved in several inflammatory conditions, such as 
inflammatory bowel disease and arthritis [17,18]. It has been 
suggested that during an inflammatory process, the trans-
signaling mechanism is critical in the switch from the initial 
recruitment of neutrophils during acute inflammation to the 
recruitment of lymphocytes in the chronic phase [11]. Previous 
findings of chronic low-grade inflammation associated with 
DR in a patient with type 2 diabetes mellitus (T2DM) suggest 
the possible involvement of the IL-6 trans-signaling mecha-
nism in these individuals [19,20]. In animal models of uveitis, 
an elevation in IL-6 and sIL-6R is found in the AqH [18,21]. 
Unlike IL-6, sIL-6R and sgp130 concentrations fluctuate 
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much less and give more precise information about the acti-
vation of the IL-6 pathway. Given this evidence, it is likely 
that the IL-6 pathway is also involved in the pathogenesis of 
DR. Therefore, to test this hypothesis, we investigated the 
serum and AqH concentrations of IL-6, sIL-6R, and sgp130 
in patients with DR. The relationship of these parameters to 
disease severity was also determined.

METHODS

Study population: Consecutive patients with T2DM and 
non-diabetic controls who were undergoing cataract surgery 
between January 2015 and April 2016 were recruited for this 
study. Diagnosis of T2DM was confirmed using the 2016 
American Diabetes Association standard [22]. All patients 
underwent a complete ophthalmic examination and a general 
physical examination. This included visual acuity, slit-lamp-
assisted biomicroscopy of the anterior segment, a fundus 
examination, and fluorescence fundus angiography, which 
was used for the clinical diagnosis of DR. According to the 
Diabetic Retinopathy Disease Severity Scale, the diabetic 
patients were classified into three groups: no apparent 
retinopathy (NDR), non-proliferative diabetic retinopathy 
(NPDR), and proliferative diabetic retinopathy (PDR). 
Diabetic macular edema (DME) was defined as being present 
if clinically significant macular edema was detected [23].

All patients with T2DM were on an appropriate diet and 
receiving glucose-lowering medication at the time of recruit-
ment. Detailed demographic information was collected from 
every subject, such as family history, duration of disease, 
current medication, height, weight, body mass index (BMI 
= weight/height2), blood pressure, fasting serum glucose, 
and glycosylated hemoglobin (HbA1c). Exclusion criteria 
included the following: acute myocardial infarction, organ 
failure, liver disease, stroke, recent systemic infection, 
previous intraocular surgery, earlier intravitreal therapies, 
photocoagulation during the preceding 3 months, uveitis, 
trauma, vitreous hemorrhage, and retinal detachment. 
Patients who had taken immunosuppressive drugs were also 
excluded. The project followed the tenets of the Declaration 
of Helsinki and adhered to the ARVO statement on human 
subjects. All experimental protocols were approved by the 
ethics committee of our institution. Patients gave their written 
informed consent to participate in the study.

Sex and age breakdown: We obtained age- and sex-matched 
samples from 152 T2DM patients and 51 healthy subjects. 
The mean age of the T2DM patients (75 men and 77 women) 
was 61.0±7.4 years. The mean age of the healthy control 
subjects (31 men and 20 women) was 61.4±8.2 years. Of the 
152 T2DM patients, there were 47 with NDR, 52 with NPDR, 

and 53 with PDR. The male/female ratio and mean age were 
25/22 and 60.2±8.7 years in the NDR group, 20/32 and 
62.3±7.9 years in the NPDR group, and 30/23 and 60.6±5.1 
years in the PDR group.

Serum collection: Five milliliters of whole blood was 
collected from the patients and healthy controls at their first 
visit, using a standard venipuncture technique between 9:00 
and 11:00 AM. Serum samples were obtained after centrifu-
gation at 800 ×g for 10 min, aliquoted, and stored at −80 °C 
until assayed.

Aqueous humor collection: A limbal paracentesis was 
performed with a sterile tuberculin syringe at the beginning 
of cataract surgery before the initial incision was made. 
Undiluted AqH samples (0.1–0.2 ml) were collected from the 
paracentesis site. The samples were immediately frozen and 
stored at −80 °C until analysis.

Cytokine measurement: The simultaneous measurement of 
IL-6, sIL-6R, and sgp130 in serum and AqH was performed 
using multiplex bead analysis assays (Millipore UK Ltd., 
Watford, UK). The AqH samples were diluted 1:5 with PBS 
(1X; 137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM 
KH2PO4, pH 7.4), 1% bovine serum albumin (BSA), and 
0.05% Tween-20 and incubated with monoclonal antibody-
coated capture beads for 2 h at 20 °C. The washed beads were 
further incubated with a biotin-labeled anti-human cytokine 
antibody for 2 h, followed by streptavidin/phycoerythrin for 
30 min. Samples were analyzed with a Luminex® 100TM 
bioassay analysis system (Luminex, Austin, TX) and STarSta-
tion 2.0 commercial software (Applied Cytometry Systems, 
Sheffield, UK). Standard curves of known concentrations of 
recombinant human cytokines were used to convert fluores-
cence units to cytokine concentration. The sensitivities of 
each assay were <1, <2, and <10 pg/ml for IL-6, sIL-6R, and 
sgp130, respectively. The value for the buffer alone (PBS, 1% 
BSA) was subtracted for each sample.

Statistical analysis: The Kruskal–Wallis test was used to 
compare the concentrations of each cytokine measured 
between multiple groups. When statistically significant 
differences were found, the Dunn multiple comparison post-
test was employed. The Student t test or the Mann–Whitney 
(two-tailed) test was used when only two groups were 
compared (depending on the normality assumptions and the 
homogeneity of variances). Spearman (two-tailed, nonpara-
metric) correlations were used to assess the significance of 
the correlations between each cytokine. Data were analyzed 
using SPSS Version 19.0 (IBM, New York, NY). Graphs were 
prepared with Prism version 5 (GraphPad Software Inc., La 
Jolla, CA). A p value of less than 0.05 was considered statisti-
cally significant.
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RESULTS

Characteristics of controls and patients with diabetes 
mellitus: The principal characteristics of the enrolled patients 
are described in Table 1. With regard to age and sex, no statis-
tically significant difference was observed between the study 
groups (p = 0.50 and p = 0.12, respectively). BMI distribution 
was statistically significantly higher in patients with T2DM 
compared with the non-diabetic subjects (p<0.001). The mean 
duration of diabetes was statistically significantly longer in 
the PDR group than in the NPDR and NDR groups (p<0.001). 
HbA1c values between 4.27% and 6.07% were considered 
normal in our laboratory. HbA1c and fasting glucose levels 
were also found to differ statistically significantly between the 
NDR and PDR groups (p<0.001 and p<0.001, respectively).

The IL-6, sIL-6R, and sgp130 concentrations in patients 
with and without DR: The serum and AqH concentrations 
of sgp130 according to DR status are reported in Figure 1. 
In the serum and AqH concentrations, the median sgp130 

concentration was statistically significantly higher in the DR 
and NDR groups compared with the non-diabetic controls 
(p<0.001). In the subjects with DR, the median sgp130 
concentrations in serum and AqH were higher in the PDR 
group than in the NPDR group (p<0.001). In general, the 
sgp130 levels were statistically significantly lower in the AqH 
than in the serum (p<0.001; Table 2), and there was a statisti-
cally significant correlation between the sgp130 concentra-
tion in the AqH and serum (r = 0.443, p<0.001; Figure 1C).

Using multiplex bead immunoassays, we simultaneously 
measured the IL-6 and sIL-6R concentrations in the serum 
and AqH (Figure 2, Figure 3). The patients with DR had 
markedly higher sIL-6R and IL-6 concentrations compared 
with the non-diabetic subjects (p<0.001). The sIL-6R and 
IL-6 concentrations in patients with PDR were also found to 
be higher than in the NPDR group (p<0.001). For all patients, 
the IL-6 levels were statistically significantly higher in the 
AqH than in the serum (p<0.001), whereas the sIL-6R level 
was statistically significantly lower in the AqH than in the 

Table 1. Clinical and biochemical characteristics of type 2 
diabetic patients and healthy control subjects.

Variable
Control NDR NPDR PDR

p
(n=51) (n=47) (n=52) (n=53)

Sex (m/f) 31/20 25/22 20/32 30/23 0.118
Age (years) 61.4±8.2 60.2±8.7 62.3±7.9 60.6±5.1 0.496
BMI (kg/m2) 22.6±2.3 22.9±2.1 24.2±4.3 25.4±4.5 <0.001*
Diabetes Duration (years) - 8.7±3.3 12.8±3.1 15.6±3.9 <0.001*
FPG (mmol/l) - 7.7±1.3 9.2±2.0 11.0±2.0 <0.001*
HbAlc (%) - 8.9±1.9 12.7±3.1 14.6±2.4 <0.001*

NDR: type 2 diabetic patients without diabetic retinopathy; NPDR: non-proliferative diabetic retinopathy; 
PDR: proliferative diabetic retinopathy; BMI, Body mass index; FPG: fasting plasma glucose; HbA1c, 
glycated hemoglobin Data are expressed as mean ± SD

Figure 1. Concentrations of sgp130 in serum and AqH from patients with T2DM and non-diabetic controls. Soluble gp130 (sgp130) was 
measured with multiplex bead immunoassay in serum (A) and aqueous humor (AqH; B) from controls (n = 51), non-diabetic retinopathy 
(NDR, n = 47), nonproliferative diabetic retinopathy (NPDR, n = 52), and proliferative diabetic retinopathy (PDR, n = 53). All groups were 
compared using the Kruskal–Wallis test followed by the Dunn multiple comparison test. The relationship between sgp130 in AqH and serum 
was tested, when matched samples were available, with the Spearman correlation (C). *p<0.001.
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Table 2. Cytokine concentrations in patients with or without diabetic macular edema.

Sample Cytokine
DME (n=58) No-DME (n=47)

p
Median (range) Median (range)

Aq (pg/ml) IL-6 46.77 (15.99–67.80) 43.11 (17.98–63.80) 0.038*
Serum IL-6 1.69 (1.25–1.94) 1.66 (1.08–1.93) 0.616
Aq (ng/ml) sIL-6R 1.55 (1.01–2.47) 1.26 (0.96–1.96) 0.022
Serum sIL-6R 130.90 (74.67–166.34) 121.56 (85.76–165.34) 0.038
Aq (ng/ml) sgp130 40.62 (13.32–91.28) 31.71 (11.03–83.32)) 0.002*
Serum sgp130 429.48 (140.10–965.46) 310.61 (118.16–622.61) <0.001*

DME: diabetic macular edema; IL: interleukin

Figure 2. IL-6 concentrations in serum and AqH from patients with T2DM and non-diabetic controls. Interleukin-6 (IL-6) was measured 
with multiplex bead immunoassay in serum (A) and aqueous humor (AqH; B) from controls (n = 51), non-diabetic retinopathy (NDR, n = 
47), nonproliferative diabetic retinopathy (NPDR, n = 52), and proliferative diabetic retinopathy (PDR, n = 53). All groups were compared 
using the Kruskal–Wallis test followed by the Dunn multiple comparison test. C: The relationship between IL-6 in AqH and serum was 
tested, when matched samples were available, with the Spearman correlation. *p<0.001.

Figure 3. sIL-6R concentrations in serum and AqH from patients with T2DM and non-diabetic controls. Soluble IL-6R (sIL-6R) was 
measured with multiplex bead immunoassay in serum (A) and aqueous humor (AqH; B) from controls (n = 51), non-diabetic retinopathy 
(NDR, n = 47), nonproliferative diabetic retinopathy (NPDR, n = 52), and proliferative diabetic retinopathy (PDR, n = 53). All groups were 
compared using the Kruskal–Wallis test followed by the Dunn multiple comparison test. The relationship between sIL-6R in the AqH and 
serum was tested, when matched samples were available, with the Spearman correlation (C). *p<0.001.
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serum (p<0.001; Table 2). There was a statistically significant 
correlation between the IL-6 and sIL-6R concentrations in 
the AqH and serum (r = 0.504, p<0.001; r = 0.470, p<0.001, 
respectively; Figure 2C, Figure 3C).

The IL-6, sIL-6R, and sgp130 concentrations in patients with 
DR with and without diabetic macular edema: The sgp130 
and sIL-6R concentrations were statistically significantly 
higher in the serum (p<0.001 and p = 0.038, respectively) 
and AqH (p = 0.002 and p = 0.022, respectively) of patients 
with DME compared with patients without DME. The IL-6 
concentration in the AqH was statistically significantly higher 
in the DME group when compared with the non-DME group 
(p = 0.038). In contrast, the serum IL-6 levels were compa-
rable between the two groups (p = 0.616; Table 3).

Correlation analysis: There were statistically significant 
correlations between the cytokine concentrations (Figure 4), 
with the strongest association between sIL-6R and sgp130 
(Figure 4C: IL-6 versus sIL-6R, r = 0.568, p<0.001; IL-6 
versus sgp130, r = 0.440, p<0.001, sIL-6R versus sgp130, r = 
0.467, p<0.001). Correlation analysis showed that the diabetes 
duration, HbA1c level, and fasting blood glucose at the time 
of surgery were statistically significantly associated with the 
sgp130, IL-6, and sIL-6R concentrations in the serum and 
AqH from patients with T2DM (p<0.001; Figure 5, Figure 
6, Figure 7).

DISCUSSION

In the present study, patients with DR had higher sgp130 
concentrations in the serum and AqH compared with the 
healthy non-diabetic subjects. Higher sIL-6R and IL-6 
concentrations were also observed in subjects with DR 
compared to those in the NDR and control groups. The asso-
ciation between DR and the IL-6, sIL-6R, and sgp130 levels 
was independent of age and sex. To our knowledge, this is 
the first study reporting an increase in sIL-6R and sgp130 in 
subjects with DR.

Elevated sIL-6R can increase the activity of IL-6, lead to 
greater IL-6/sIL-6R/sgp130 complex formation, and stimulate 
a greater diversity of cells involved in many inflammatory 
processes [12,24,25]. The elevated sgp130, sIL-6R, and IL-6 
concentrations in DR suggest that IL-6, acting via sIL-6R and 
sgp130, enhances the trans-signaling as part of the inflam-
matory response and consequently, may enhance disease 
activity. It has been suggested that IL-6 trans-signaling is 
critically involved in the pathophysiology of metabolic disor-
ders, such as T2DM and diabetic nephropathy, by promoting 
chronic inflammation [26]. A statistically significantly higher 
plasma level of the IL-6/sIL-6R complex has been shown in 
patients with T2DM [19], and in addition, consistent with our 
research, sIL-6R levels were found to correlate with BMI 
among patients with end-stage renal disease [27]. Elevation 
of sIL-6R and sgp130 is also associated with endothelial cell 

Table 3. Cytokine levels in the aqueous humor and serum.

Cytokine Aqueous Serum level P
IL-6 (pg/ml) 34.19 (6.25–67.80) 1.51 (1.03–1.97) <0.001*
sIL-6R (ng/ml) 1.11 (0.53–2.47) 103.99 (85.76–184.41) <0.001*
sgp130 (ng/ml) 25.8 (10.12–91.28) 304.60 (80.10–965.46) <0.001*

Data are expressed as median (range).

Figure 4. IL-6, sIL-6R, and sgp130 concentrations in patients with DR. Aqueous humor (AqH) concentrations were determined by using a 
multiplex bead-based immunoassay. A: Relationships between interleukin (IL)-6 and soluble gp130 (sgp130) are shown. B: Relationships 
between IL-6 and soluble IL-6R (sIL-6R) are shown. C: Relationships between sIL-6R and sgp130 are shown. Data were analyzed by using 
a Spearman’s rank correlation test.
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(EC) inflammation [28]. Our results suggest the increased 
IL-6 concentration in patients with DR and that the IL-6 
concentration correlated statistically significantly with 
HbA1c in diabetic patients. Therefore, it can be hypothesized 
that hyperglycemia stimulates IL-6/sIL-6R/sgp130 complex 
production in hepatocytes, monocytes, or ECs in patients 
with DR.

In ophthalmology, the important role of IL-6 and sIL-6R 
in mediating choroidal neovascularization, experimental 
uveitis, atopic keratoconjunctivitis, and PDR has been 
reported [29-32]. In addition, gp130 mRNA expression on 
the ocular surface was also found to be statistically signifi-
cantly higher in patients with allergic conjunctivitis [33]. It 
has been shown that in specific pathophysiological conditions 
such as inflammation, T cells, ECs, skin fibroblasts, smooth 

Figure 5. Correlation analysis 
showed that sgp130 concentrations 
in AqH were positively correlated 
with the BMI (r = 0.198, p = 0.015), 
duration of diabetes (r = 0.476, 
p<0.001), FPG (r = 0.415, p<0.001), 
and HbA1c (r = 0.462, p<0.001) in 
patients with T2DM. Data were 
analyzed by using a Spearman’s 
rank correlation test.

Figure 6. Correlation analysis 
showed that IL-6 concentrations 
in AqH were positively correlated 
with the BMI (r = 0.283, p<0.001), 
duration of diabetes (r = 0.472, 
p<0.001), FPG (r = 0.363, p<0.001), 
and HbA1c (r = 0.454, p<0.001) in 
patients with T2DM. Data were 
analyzed by using a Spearman’s 
rank correlation test.
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muscle cells, and epithelial cells can be targeted by IL-6 
trans-signaling [15,17,34-36].

We observed expression of IL-6, sIL-6R, and sgp130 in 
the AqH of patients with DR. Retinal cells and the serum 
component might be sources of IL-6, sIL-6R, and sgp130 
in the AqH. In the present study, the AqH level of sIL-6R 
and sgp130 was found to be related to the presence of DME. 
Breakdown of the blood–retina barrier and influx of serum 
proteins are characteristic of the vascular dysfunction 
observed in the pathophysiology of DR and contributes to 
vasogenic macular edema. We observed that the sgp130 
and sIL-6R concentrations were statistically significantly 
correlated and both cytokines were found at higher levels in 
the serum than in the AqH. Therefore, we hypothesize that 
sIL-6R and sgp130 originate mainly from the serum. These 
results suggest that the serum is a major component of the 
sIL-6R and sgp130 observed in the AqH and binding of IL-6 
on the surface of proliferating cells may diminish sIL-6R 
and sgp130 molecules within the AqH. In contrast, the AqH 
levels of IL-6 were statistically significantly higher than in 
the serum. It is possible that IL-6 is synthesized locally by 
resident macrophages, fibroblasts, and infiltrating leukocytes 
[29,32,37].

These findings indicate a potential link between IL-6 
trans-signaling and the development of DR. The IL-6/sIL-6R 
complexes accumulating in the eye are likely to interact with 
the gp130-expressing ECs lining the blood vessels. IL-6 trans-
signaling not only directly increases vascular permeability 
but also induces endothelium-derived vascular endothelial 

growth factor production [38]. Alternatively, it has been 
demonstrated that sIL-6R may be released from activated 
leukocytes [10,14]. The sIL-6R released by infiltrating leuko-
cytes would promote further leukocyte recruitment, which is 
commonly associated with several inflammatory disorders, 
suggesting that the IL-6/sIL-6R complex may play a positive 
role in the proinflammatory activation of ECs during the DR 
process.

Furthermore, it has been reported that a high level of 
sIL-6R is associated with T-cell abnormalities, such as 
acquired immunodeficiency syndrome and uveitis [29]. 
Regarding T2DM, T helper (Th17) lymphocytes play a key 
role in the pathogenesis of this disease, and studies have 
demonstrated that production of the Th17 cytokine, IL-17, is 
elevated in patients with DR [39]. The IL-6/sIL-6R complex 
may affect Th17 lymphocytes via gp130 and regulate the 
production of IL-17. Therefore, an increased level of the IL-6/
sIL-6R complex in the AqH may induce inflammatory CD4+ 
Th17 polarization and enhance the inflammatory response. 
These processes are thought to be related to the exacerbation 
of the clinical activity of DR.

Finally, the patients with DR showed statistically signifi-
cant increases not only in IL-6 and sIL-6R but also in sgp130, 
which acts as a negative regulator of IL-6 trans-signaling. A 
correlation was observed between the circulating concentra-
tions of sgp130 and sIL-6R, suggesting that these two types 
of receptors are regulated by the same mechanism in DR. 
In addition, there was a statistically significant correlation 
between the sgp130 and IL-6 concentrations in patients with 

Figure 7. Correlation analysis 
showed that sIL-6R concentrations 
in AqH were positively correlated 
with the BMI (r = 0.121, p = 0.136), 
duration of diabetes (r = 0.464, 
p<0.001), FPG (r= 0.407, p<0.001), 
and HbA1c (r = 0.458, p<0.001) in 
patients with T2DM. Data were 
analyzed by using a Spearman’s 
rank correlation test.
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DR. These findings suggest that sgp130 might be involved in 
regulation of the systemic inflammatory processes associ-
ated with classical receptor signaling and the trans-signaling 
pathway. This is the first study to report elevated sgp130 in 
patients with DR. Elevated sgp130 concentrations have also 
been observed in various diseases connected with insulin 
resistance, including metabolic syndrome [40], polycystic 
ovary syndrome [41], and preeclampsia [42]. Based on these 
findings, it can be hypothesized that in the presence of 
IL-6-mediated chronic low-grade inflammation, increased 
levels of sgp130 in patients with DR might represent a 
compensatory mechanism that controls intracellular IL-6 
signaling and prevents the activation of the IL-6/IL-6R 
pathway [43,44].

Data from this study demonstrate that during the course 
of DR, serum and AqH sgp130 and sIL-6R concentrations 
increase concurrently with IL-6. As sgp130 might prevent 
activation of the IL-6/sIL-6R pathway, sgp130 may be 
of benefit as a therapeutic agent for the treatment of DR. 
However, there are some limitations. As this is a cross-
sectional study, we cannot define cause and effect relation-
ships. In addition, the sample size in this study was small, 
and further studies with larger sample sizes are warranted. 
Further research is also needed to determine the sources of 
upregulation in the AqH concentrations of IL-6, sIL-6R, and 
sgp130 and to underscore the mechanism of the IL-6/IL-6R/
sgp130 complex in the processes of DR.
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