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Abstract
Background Previous studies suggest that inflammation
plays an important part in the pathogenesis of diabetes.
Cytokines may have a role in both positive and negative
control of immunological reactions. Among many cyto-
kines, interleukin 12 (IL-12) is known to be a strong
pro-inflammatory cytokine.
Methods A total of 76 participants were enrolled in this
study and classified into four groups: 23 diabetic patients
with non-treated retinopathy, 17 diabetic patients with
treated retinopathy, 12 diabetic patients without retinopathy,
and 24 healthy control patients. Serum and aqueous humor
samples were taken for the analysis of IL-12 concentration.
Results The aqueous humor IL-12 concentration was sig-
nificantly elevated in the patients with non-treated diabetic
retinopathy (χ2(3, n076)027.137; p<0.001).

No significant differences in IL-12 serum concentrations
between the groups were found (F00.405, p00.750).
Correlation analysis of IL-12 concentrations in the serum
and aqueous humor showed a linear association between
the two variables only in non-diabetic patients (p00.003).
Conclusions This is the first study to show a significantly
higher concentration of pro-inflammatory cytokine IL-12 in
the aqueous humor of non-treated diabetic retinopathy
patients in comparison with diabetic patients treated for
retinopathy, without retinopathy, or with healthy individuals.
Because the serum levels of IL-12 did not differ considerably
between the studied groups, it is plausible that this is due to its
local production and secretion.
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Introduction

Diabetic retinopathy, as a vascular complication of diabetes
mellitus, is among the leading causes of blindness worldwide
[1]. Approximately 12% of all cases of blindness in Western
countries arise from diabetes, which is the main cause of
newly acquired loss of vision in the population ages 20 to
74 years old [2]. The duration of diabetes is one of the most
important risk factors for the development of retinopathy.
Other risk factors, such as poor metabolic control, hyperten-
sion, high blood cholesterol, nephropathy, age, sex, smoking,
and genetic disposition, cannot fully explain the development
of this diabetic complication [3].

A significant body of evidence suggests that inflammation
plays an important role in the pathogenesis of diabetes [4, 5].
Cytokines are crucial in both the positive and negative control
of immunological reactions that connect the immune system
with the hematopoietic, endocrine, and nervous systems.
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Cytokines are classified according to their pro-inflammatory
(interleukin-12, tumor necrosis factor, interferon-γ) or anti-
inflammatory (interleukin 10, interleukin 4, interleukin 13,
transforming growth factor-β) activity. An imbalance of
pro- and anti-inflammatory cytokines has a decisive role
in the progression and chronicity of the disease [6].

Interleukin 12 (IL-12) is a glycoprotein heterodimer of 75
kD and is a strong pro-inflammatory cytokine. It consists of
two unequal, genetically non-related subunits: the smaller
p35, which is related to interleukin 6 (IL-6) and
granulocyte-colony stimulating factor (G-CSF) and the
larger p40, which shares amino acid sequence homology
with the soluble IL-6 receptor [6].

The aims of this study are to determine the concentrations
of IL-12 cytokines in the serum and aqueous humor of
diabetic patients and to compare these concentrations with
those found in non-diabetic control subjects.

Materials and methods

Participants

A total of 76 participants were enrolled in this study and
classified into four groups: individuals without diabetes and
no family history of the disease; patients with diabetes without
any signs of diabetic retinopathy; patients with diabetes and
non-proliferative diabetic retinopathy, who had not received
any eye treatment; and patients with diabetes and non-
proliferative diabetic retinopathy, who were treated with laser
photocoagulation of the retina. All participants were older
than 60 years and had cataracts but no other eye diseases,
such as inflammatory eye disease, glaucoma, pseudoexfolia-
tion syndrome, and occlusive or degenerative diseases of
retina. All patients were surgically treated for cataracts at the
Eye Clinic of the General Hospital Dubrovnik in Croatia.

In diabetic patients, the duration of their disease was
10 years or more, and the time since their last laser treatment
was more than 6 months. All participants enrolled in the
study signed a written informed consent form approved by
the Ethics Committee of the General Hospital Dubrovnik.
The study was conducted in accordance with the ethical
standards established in the 1964 Declaration of Helsinki.

Methods

Participants underwent a detailed history-taking, laboratory
testing, and a complete ophthalmologic examination,
including visual acuity with and without correction
(Snellen charts), biomicroscopic examination of the anterior
eye segment with pupil dilatation, measuring of intraocular
pressure using a Goldmann applanation tonometer, examina-
tion with a Volk Trans Equator (Volk, Mentor, OH, USA)

contact lens on the Haag Streit BQ 900 biomicroscope (Haag-
Streit AG, Koeniz, Switzerland), photodocumentation
using a fundus camera, and fluorescein angiography
(Visucam FF450, Carl Zeiss GmbH, Jena, Germany) in
diabetic patients.

Fundus changes were analyzed and standardized based
on fluorescein angiography, and retinopathy was classified
according to the Early Treatment of Diabetic Retinopathy
Study (ETDRS) [7]. All patients with diabetic retinopathy
had the non-proliferative type of the disease.

A single ophthalmologist performed all the surgical inter-
ventions in this study. The aqueous humor for the analysis
was taken during the cataract operation. A cannula was used
to manually aspirate 0.1–0.2 ml of aqueous humor into an
insulin syringe. Next, the sample was transferred into cuv-
ettes (Eppendorf, Hamburg, Germany) and was frozen in a
non-diluted form at –80°C. Immediately before the begin-
ning of the operation, a blood sample was drawn by cubital
venipuncture, centrifuged, and frozen at –80°C. All samples
of aqueous humor and serum were carried in dry ice to the
laboratory of Clinical Hospital Center Split in Croatia.

The concentration of IL-12 was measured by enzyme-
linked immunosorbent assay (ELISA), using the Elysis Uno
immunoanalyser (Human Gesellschaft für Biochemica
und Diagnostica mbH, Wiesbaden, Germany). We used
monoclonal antibodies (mAbs) against IL-12 epitopes.
Colorimetry was used to determine the concentration of
IL-12. To measure the concentrations of IL-12, we used
the IL-12+p40 EASIA kit (BioSource Europe, Nivelles,
Belgium). Quantitative analysis of IL-12 was done at the
Department for Medical Laboratory Diagnostics of the
Clinical Hospital Center Split.

Statistical analysis

Descriptive and inferential statistics were used for the data
analysis. Median and range were used as descriptive param-
eters of quantitative variables, and proportions were used for
qualitative variables. The median was consistently used as
the measure of central tendency because the distribution of
observed variables was, in some cases, highly inconsistent.
As for the inferential statistics, non-parametric tests were
used when the assumptions of normal distribution were not
met. A Kolmogorov–Smirnov test was applied to test the
normality of distribution. Specifically, IL-12 concentrations
in aqueous humor were compared with a non-parametric
Kruskal–Wallis test, and group pairs were subsequently
analyzed with a Mann–Whitney U test with Bonferroni
correction. One-way analysis of variance (ANOVA) was
used to analyze IL-12 concentrations in the serum, as the
Kolmogorov–Smirnov test did not show a significant
deviation from normality for this variable (p>0.05),
which allowed for the use of a more sensitive parametric
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test. In a correlation analysis, Pearson’s correlation coefficient
was used for serum IL-12 concentrations, and Spearman’s
correlation coefficient was used for IL-12 concentrations in
the aqueous humor.

Statistical significance was set at the 0.05 probability
level. All statistical analyses were performed with SPSS
13.0 software (SPSS Inc., Chicago, IL, USA).

Results

All enrolled participants were divided into four groups.
There were 23 diabetic patients with non-treated retinopathy,
17 diabetic patients with treated retinopathy, 12 diabetic
patients without retinopathy, and 24 diabetic patients without
diabetes mellitus (Table 1). The aqueous humor IL-12
concentration was significantly elevated in the patients
with non-treated diabetic retinopathy (χ2(3, n076)027.137;
p<0.001) (Fig. 1, Table 2). A subsequent comparison of
individual pairs showed statistically significant differences

between the non-treated diabetic retinopathy group and
non-diabetic patients (p04.82E–06), diabetic patients
without retinopathy (p02.26E–04), and diabetic patients
with laser-treated retinopathy (p01.20E–06). No significant
differences were found between other pairs of groups
(p values ranged 0.12 to 0.27).

One-way ANOVA with four groups of participants and
with the serum concentration of IL-12 as the dependent
variable showed that there were no significant differences
in serum concentrations between the groups (F00.405,
p00.750, Fig. 2).

The correlation analysis of IL-12 concentrations in the
serum and aqueous humor showed a linear association
between the two variables in non-diabetic patients (p00.003),
but not in other groups of patients (Fig. 3).

There was no significant correlation between the con-
ventional risk factors for diabetic retinopathy and IL-12
concentrations in the serum (p>0.05 for all comparisons):
duration of diabetes (p00.952) body mass index (p00.190),
systolic blood pressure (p00.620), high-density lipoprotein

Table 1 Demographic and laboratory characteristics of participants in the four study groups

Variable Groups

Diabetic patients with
non-treated retinopathy
(n023), median (range)
or no. (%)

Diabetic patients
with treated retinopathy
(n017), median (range)
or no. (%)

Diabetic patients
without retinopathy
(n012), median (range)
or no. (%)

Patients without
diabetes (n024),
median (range)
or no. (%)

Age (years) 70.5 (61–83) 71.0 (61–80) 76.0 (61–87) 75.9 (63–89)

Female sex 13 (57) 9 (53) 10 (83) 16 (67)

Duration of diabetes (years) 16 (11–30) 22 (11-36) 13 (10–21) –

Type of therapy No treatment 0 0 0 24 (100)

Diet 0 0 2 (17) 0

Oral hypoglycemics 15 (65) 3 (18) 8 (66) 0

Insulin 8 (35) 14 (82) 2 (17) 0

Duration of therapy (years) 14 (0–30) 13 (3–29) 13 (6–21) 0

Family history of diabetes Negative 15 (65) 3 (18) 7 (59) 24 (100)

Parents 4 (18) 8 (47) 4 (33) –

Relatives 4 (17) 6 (35) 1 (8) –

Smoking No 18 (78) 10 (59) 12 (100) 20 (83)

Yes 5 (22) 6 (35) 0 3 (13)

Formerly 0 1 (6) 0 1 (4)

Body mass index 28.95 (22.58–37.2) 28.13 (23.8–32.4) 29.44 (22.3–35.3) 25.7 (19.5–34.1)

Sedimentation (mm/h) 16 (6–37) 20 (8–40) 20 (4–45) 15 (5–34)

Blood glucose level (mmol/l) 9.5 (5.3–17.7) 10.3 (7.2–20.8) 7.5 (5.2–17.1) 5.2 (4.0–6.3)

Glycosylated hemoglobin (%) 7.4 (5.3–12.4) 8.5 (7.2–11.4) 7.0 (5.1–12.7) 5.5 (4.2–5.9)

Triglycerides (mmol/l) 2.0 (0.4–4.7) 1.6 (0.7–4.4) 2.3 (1.3–3.5) 1.5 (0.8–2.8)

Cholesterol (mmol/l) 4.9 (1.4–8.6) 5.4 (3.5–8.9) 6.4 (4.2–7.7) 5.9 (4.4–8.2)

High-density lipoprotein cholesterol (mmol/l) 1.4 (0.9–2.3) 1.3 (0.9–2.6) 1.4 (1.1–1.8) 1.5 (1.0–2.3)

Low-density lipoprotein cholesterol (mmol/l) 3.3 (0.9–5.9) 3.2 (1.3–2.5) 3.9 (2.2–5.3) 3.8 (1.8–5.7)

C-reactive protein (mg/l) 3.1 (0.1–17.3) 1.8 (0.1–13.0) 2.6 (0.5–16.9) 3.0 (0–9.1)

Fibrinogen (g/l) 3.8 (2.4–5.8) 4.1 (3.0–4.9) 3.9 (3.3–4.7) 3.7 (2.2–5.4)
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cholesterol (p00.20), total cholesterol (p00.855), and triglyc-
eride levels (p00.536) There was no significant correlation
between the conventional risk factors for diabetic retinopathy
and IL-12 concentrations in the aqueous humor: duration of
diabetes (p00.296) body mass index (p00.290), systolic
blood pressure (p00.991), high-density lipoprotein cholester-
ol (p00.725), total cholesterol (p00.675), and triglyceride
level (p00.093) . In addition, no significant gender differ-
ence or difference between smokers and nonsmokers was
found, either for the serum or for the aqueous humor IL-12

concentrations (Mann–Whitney U test, p>0.05 for all
comparisons).

Discussion

To the best of our knowledge, this is the first study to show a
significantly higher concentration of pro-inflammatory
cytokine IL-12 in the aqueous humor of non-treated
diabetic retinopathy patients in comparison to diabetic

Fig. 1 The distribution of
interleukin-12 (IL-12)
concentrations in the aqueous
humor in four groups of
participants: 0 – control group,
1 – diabetic patients without
retinopathy, 2 – diabetic
patients with non-treated
retinopathy, 3 – diabetic
patients with laser-treated
retinopathy

Table 2 Serum and aqueous
humor IL-12 concentrations
in four groups

Groups Serum (pg/ml) Aqueous humor (pg/ml)

Control group Mean±SD 124.94±77.89 3.08±4.15

Median 110.20 0.65

Minimum 39.90 0.00

Maximum 413.20 13.50

Diabetic patients without retinopathy Mean±SD 141.63±91.24 4.29±3.39

Median 102.55 3.90

Minimum 51.70 0.00

Maximum 326.90 10.60

Diabetic patients with non-treated retinopathy Mean±SD 141.60±72.69 12.85±7.12

Median 120.00 12.40

Minimum 21.60 0.00

Maximum 286.70 27.40

Diabetic patients with laser-treated retinopathy Mean±SD 129.80±63.17 1.15±2.32

Median 123.00 0.00

Minimum 11.30 0.00

Maximum 269.90 8.50
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patients treated for retinopathy, diabetic patients without
retinopathy, or with healthy individuals.

Previous research on diabetic retinopathy has focused
on the possible causes of blood-retinal barrier breakdown
and retinal vessel occlusion, but despite many studies
and pathophysiologic explanations, the exact mechanism of
the development of complications in diabetes is still not
known.

Several biochemical theories have been suggested, such
as those related to increased synthesis and accumulation of

sorbitol [8], glycosylation end products and high levels of
diaglycerol [9], and the influence of cytokines [6].

Increased levels of systemic inflammation markers have
been found in diabetic patients, but there are not many
studies relating these markers with diabetic retinopathy [10].

Our finding that diabetic patients with non-treated
retinopathy had significantly higher levels of IL-12 in
the aqueous humor than all other participants suggests
that non-treated retinopathy is associated with an increased
local synthesis and secretion of IL-12.

Fig. 2 The distribution of
interleukin-12 (IL-12)
concentrations in the serum
of four groups of participants:
0 – control group, 1 – diabetic
patients without retinopathy,
2 – diabetic patients with
non-treated retinopathy,
3 – diabetic patients with
laser-treated retinopathy

Fig. 3 Correlation of
intraocular and serum
concentrations of IL-12 in
examined groups after
exclusion of individuals
with extreme values.
(0 – control group, 1 – diabetic
patients without diabetic
retinopathy, 2 – diabetic
patients with diabetic
retinopathy, 3 – diabetic
patients with treated diabetic
retinopathy). Significant
correlations are represented
with lines in the color of
corresponding group markers
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The lowest levels of IL-12 were found in patients who
underwent laser photocoagulation of the retina. As photo-
coagulation reduces the area of vital retina, we conclude that
defects of retinal metabolism may cause increased concen-
trations of IL-12 in the aqueous humor.

The comparison of serum IL-12 levels in the four groups
of participants did not reveal any significant differences, and
we found a correlation between serum and aqueous humor
levels of IL-12 only in non-diabetic subjects. This finding
shows that only healthy people have an intact hemato-ocular
barrier and no abnormalities in the local production of
IL-12.

The results of our study are not consistent with those
of Winkler et al., who found increased levels of serum
IL-12 in patients with type 1 and 2 diabetes [11]. Zorena
et al. reported a statistically significant difference in the
serum levels of IL-12 in patients with type 1 diabetes and
retinopathy when compared to patients without retinopathy
and with healthy subjects [12–14]. This inconsistency in the
results of various studies could be explained by different rates
of microangiopathy in the included participants.

The correlation analysis did not show a significant
association of IL-12 levels with conventional risk factors,
such as gender, age, duration of diabetes, body mass
index (BMI), blood pressure, C-reactive protein (CRP),
fibrinogen, or smoking. This is consistent with the findings
of Winkler et al., who also did not find any correlation of
IL-12 with duration of the disease [11]. However, a case-
control study by Schram et al. found that pro-inflammatory
markers (CRP, IL-6, and tumor necrosis factor) in diabetic
patients were associated with gender, duration of diabetes,
glycemic control, BMI, high-density lipoprotein cholesterol,
triglycerides, and systolic blood pressure [3]. Our study had a
smaller number of participants than the study by Schram et al.,
which could explain why we were not able to identify any
significant correlations.

Khalifa et al. found a significant difference in the serum
levels of IL-12, IL-10, and IL-18 between patients with
proliferative and non-proliferative diabetic retinopathy, as
well as between patients with proliferative diabetic reti-
nopathy and healthy subjects. This finding is another
indication that the serum levels of pro-inflammatory
cytokines are associated with the systemic spread of
diabetic microangiopathy, which is, as expected, most
prominent in patients with the most serious proliferative
form of diabetic retinopathy [15].

A possible limitation of this study is related to its limited
number of examined cytokines, as the exploration of a
greater number of cytokines would provide broader insight
in the inflammatory mechanisms involved. Another limita-
tion might be the slightly greater number of female partic-
ipants in the study.

In conclusion, this study showed significantly increased
levels of IL-12 in the aqueous humor of patients with
non-treated diabetic retinopathy. Because the serum levels
of IL-12 did not differ considerably between the studied
groups, it is plausible that this finding is due to local produc-
tion and secretion. Further research should focus on the
inflammatory mechanisms of the development of diabetic
retinopathy and should assess the possible effectiveness of
anti-inflammatory therapy in the treatment and prevention of
diabetic microangiopathy.
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