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Introduction

Diabetes mellitus (DM) type 2 is the most common endocrine 
disease in the world. DM is a chronic inflammatory disease 
characterized by high blood glucose levels. Low grade inflammation 
and immune activation are closely related to the pathogenesis and 
complications of DM (1).

Diabetic foot syndromes (ulcers) cause decrease in quality of life 
in diabetic patients. This syndrome is the most common cause 
of hospitalization and surgery in patients with DM and has a 
high morbidity and mortality rate. For example, 85% of foot 
amputations are secondary to diabetic foot ulcers (DFU) (2). 

The balance between pro- and anti-inflammatory processes is 
impaired in patients with DFU (3). The most common procedure 
for diagnosis of DFU is evaluating physical changes such as skin 
irritation, pain, fever and redness in the foot region (4,5). Also, 
culturing the sample taken from patient’s foot is applied to 
observe pathogen proliferation (4). As the infected area enlarges, 
other symptoms are promoted. There is no optimal treatment for 
diabetic foot most of the treatment modalities are very expensive 
and it is not easy to control the disease (6). Diagnostic process is 
the key point for determining the route of treatment.

Interleukin (IL)-12 P70 is a cytokine with an important role 
in the initiation of native and adaptive immune responses to 
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many infections (7). IL-12 P70 is a heterodimer cytokine and 
is released from macrophages, dendritic cells, langerhans cells, 
B cells, and natural killer cells. It plays an important role in 
cell-mediated immunity. Production of IL-12 P70 is increased 
in viral, fungal and bacterial infections. IL-12 P70 contributes 
to the production and maturation of natural killer cells and 
pro-inflammatory cytokines such as IL-2, IL-3, and tumor 
necrosis factor-α (8). There are some studies showing that IL-
12 P70 plays a role in pathogenesis of DM type 1 and 2 (9,10). 
IL-17 is an important pro-inflammatory cytokine. It increases 
chemokine production and organizes monocytes and neutrophils 
(11). IL-17 has been shown to play a role in autoimmune 
diseases such as inflammatory bowel disease, psoriasis, systemic 
lupus erythematous, allergy, asthma and multiple sclerosis (12).  

Emamaullee et al. (13) performed a study on non-obese diabetic 
mice and they showed that IL-17 is involved in pathogenesis 
and plays an important role in the fight against extracellular 
pathogens such as Candida and Klebsiella. IL-18, previously 
known as interferon-γ-inducing factor, is an immune-regulatory 
cytokine secreted from activated macrophages and first described 
in 1989 (14). IL-18 is secreted by monocytes, macrophages and 
osteoclasts in osteoblasts, epithelial cells, keratinocytes, adrenal 
cortex, and the pituitary gland, endometrium and ovary (15,16). 

Recently, Tuttolomondo et al. (17-19) showed that IL-1, IL-6 and 
resistin levels in plasma can be used as markers for determining 
type 2 diabetes with and without diabetic foot syndrome and 
they found that there was a relation between cardiovascular 
morbidity and inflammatory cytokines in patients with diabetic 
foot syndromes. 

Skin irritation, symptoms such as redness, pain and fever around 
the foot region, some imaging methods such as radiograph and 
magnetic resonance imaging, C-reactive protein level, leucocyte 
count, erythrocyte sedimentation rate and related tests are all 
used in diagnosis of DFU currently (5,19,20).

In the literature, there are different ILs evaluated as a marker for 
diagnosis of patients with DM and DFU. However, there are 
not conspicuous studies upon IL-12 P70, IL-18 and IL-17, even 
though DM and DFUs are related with inflammation as IL-12 
P70, IL-17 and IL-18 are.  The aim of the present study was 
to investigate serum IL-12 P70, IL-17, IL-18 levels and some 
biochemical parameters in subjects with type 2 DM and diabetic 
foot syndromes, and healthy controls, and to demonstrate a 
relationship between IL parameters and type 2 DM and diabetic 
foot syndromes. 

Methods
The study was carried out in the Faculty of Medicine of Sakarya 
University. The patients were provided by the department 
of internal medicine. The study was approved by the Ethics 
Committee of Faculty of Medicine of Sakarya University 
and informed consent was obtained from every subject. An 
application was made to institutional ethical committee on 
22.05.2013 for the study. The study was started after decision 
dated 18.06.2013 and numbered 71522473.050.01.04/41 

from the Ethics Committee of Faculty of Medicine of Sakarya 
University.

Subjects

This study included 95 participants: 31 with DFU (group 1), 33 
with type 2 DM (group 2) and 31 healthy subjects as a control 
group (group 3). Group 1 was consisted of 21 males and 10 
females aged 51-80 (61.2±8.35) years. Group 2 was consisted 
of 19 males and 14 females aged 42-75 (60.4±8.81) years and 
group 3 was consisted of 17 males and 14 females aged 51- 80 
(61.2±8.35) years.

Patients with malignancy, pregnancy, cirrhosis, renal failure, 
or class 3 or 4 heart failure according to the New York Heart 
Association (NYHA) classification, systemic inflammatory 
diseases, undergoing immunosuppressive therapy, Wagner grade 
4 and 5 diabetic ulcers, or thrombosis were excluded from the 
study. The presence of purulent secretions or the presence of 
two or more signs of inflammation (e.g., erythema, warmth, 
tenderness, heat, and induration) were regarded as evidence 
of infection. The condition was described in a consensus 
development conference on diabetic foot wound care (20).

Patients with 18-80 years, type 2 DM, presence of purulent 
secretions, presence of two or more signs of inflammation, 
patients who were not pregnant, did not have cancer, did not 
undergo immunosuppressive therapy, and who did not have class 
3 or 4 heart failure  according to the NYHA were involved in 
this study.

Samples

Blood samples were taken from all groups in tubes containing 
ethylenediamine tetraacetic acid (EDTA) and non-EDTA after 
overnight fasting. Blood samples were taken in non-EDTA tubes 
for human IL-12 P70, IL-17, IL-18, glucose, total cholesterol, 
low-density lipoprotein cholesterol (LDL-C), triglyceride-C, 
high-density lipoprotein cholesterol (HDL-C), and urea and 
creatinine analysis, then centrifuged at +4 °C 3000 rpm for 10 
min and sera were immediately separated from the cells after 
centrifugation. Serum samples for the measurement of human 
IL-12 P70, IL-17, and IL-18 were stored at -80 °C until being 
used. All measurements were done in the same series after the 
samples were thawed. Blood samples taken in EDTA tubes for 
hematological tests, and hemoglobin (Hb) A1c parameters were 
studied at the same day in routine laboratory. 

Biochemical Parameters

HbA1c, glucose, total cholesterol, LDL-C, triglyceride-C, 
HDL-C, urea and creatinine analysis and hematological tests 
were measured using commercial kits in routine biochemistry 
laboratory. HbA1c from Trinity Biotech (Trinity Biotech Assay 
and System, USA), glucose, total cholesterol, triglyceride-C, urea 
and creatinine from Abbott Architect (fully automatic analyzer, 
Architect System c1600; Abbott Laboratories, Lake Bluff, 
IL, USA), LDL-C and HDL-C from Archem Diagnostics for 
Abbott Architect, USA were used. Hematology parameters were 
measured using the Cell-Dyne 3700 SL hematology analyzer 
(Abbott Laboratories, North Chicago, IL, USA). 
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ELISA Assay

Human IL-12 P70, IL-17 and IL-18 levels were measured with an 
enzyme-linked immunosorbent assay kit (reference: BMS 238, lot 
number: 95350039; reference: BMS 2017, lot number: 96656015; 
reference: BMS 267/2, lot number: 96934032 respectively; 
ELISA kits manufactured for eBioscience by Bender MedSystems 
GmbH Campus Vienna Biocenter 2, 1030 Vienna, Austria, www.
eBioscience.com). All ELISA assays were performed via an ELISA 
autoanalyzer (BioTek 800 TS Absorbance Reader, USA).

Statistical Analysis

Descriptive analyses were performed to provide information on 
general characteristics of the study population. Kolmogorov-
Smirnov test was used to evaluate whether the distribution of 
continuous variables were normal. ANOVA or Kruskal-Wallis H 
test was used to compare the continuous data among groups. For 
multiple comparison of ANOVA; Tukey or Tamhane T square 
was used. Beside for multiple comparison of Kruskal-Wallis H 
test, Dunn’s test was used. The continuous data were presented as 
the mean ± standard deviation. Receiver operating characteristics 
(ROC) curve analysis was used to determine the cut off value 
of IL-12 P70, 17 and 18 levels in diagnosis of type 2 DM with 
diabetic foot. Sensitivity and specificity of the test as well as the 
positive and negative predictive values were calculated for IL-
12 P70, 17 and 18. A p value <0.05 was considered significant. 
Analyses were performed using commercial software (IBM SPSS 

Statistics, version 23.0; Armonk, NY: IBM Corp.). ROC curves 
were constructed using MedCalc (MedCalc Statistical Software 
version 15.8, MedCalc Software bvba, Ostend, Belgium).

Results
The levels of HbA1c, glucose, total cholesterol, LDL-C, 
triglyceride, HDL-C, urea and creatinine were shown in Table 1.

As seen in Table 1, no statistically significant difference was 
found in terms of HbA1c and fasting glucose between group 1 
and group 2 (p>0.05). However it was found that there were 
significant differences between group 1 and group 3 and between 
group 2 and group 3 (p<0.05) for same variables. No statistically 
significant difference was found in levels of LDL-C, HDL-C, 
triglyceride, total cholesterol, urea and creatinine between group 
1 and group 2 (p>0.05). However it was found that there were 
significant differences between group 1 and group 3, between 
group 2 and group 3 for LDL-C, and also between group 2 and 
group 3 for total cholesterol (p<0.05).

As seen in Table 2, the highest levels of IL-12 P70, IL-17 and 
white blood cell were found in group 1. These levels were 
significantly higher in group 1 than in group 3 (p<0.05), but 
there was not significant difference between group 1 and group 2 
(p>0.05). IL-18 levels in group 1 and group 2 were significantly 
higher than group 3 (p<0.05), but there was no significant 
difference between group 1 and group 2 (p>0.05).

Bezmialem Science 2019;7(1):1-7

Table 1. Comparison of the biochemical parameters among groups

Parameters Group 1 (n=31) Group 2 (n=33) Group 3 (n=31) p*

HbA1c (%) 10.45±1.14 10.66±0.98 5.47±0.44 <0.001b,c

Glucose (mg/dL) 194.0±73.8 202.15±46.56 97.9±11.83 <0.001b,c

Total cholesterol (mg/dL) 175.97±48.23 201.39±30.21 177.58±30.21 0.019a,c,**

LDL-C (mg/dL) 121.65±41.22 137.09±29.94 108.06±32.89 0.003b,c

Triglyceride (mg/dL) 172.03±71.48 180.85±61.06 147.42±72.16 0.106 

HDL-C (mg/dL) 36.23±10.62 43.36±13.67 38.90±10.40 0.052**

Urea 44.23±24.14 33.67±11.11 31.87±6.68 0.079

Creatinine 1.05±0.47 1.19±1.96 0.81±0.14 0.056

HbA1c: hemoglobin A1c; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; group 1: diabetic foot syndromes; group 2: diabetes 
mellitus type 2; group 3: control
*: results of the Kruskal-Wallis H test; **: results of the ANOVA; a: there is a statistically significant difference between group 1 and 2; b: there is a statistically 
significant difference between group 1 and 3; c: there is a statistically significant difference between group 2 and 3; data were shown as mean ± standard deviations

Table 2. Comparison of the inflammatory parameters among groups

Parameters Group 1 (n=31) Group 2 (n=33) Group 3 (n=31) p*

WBC (103/µL) 10.07±5.38 7.88±3.41 6.03±1.45 <0.001a,b  

IL-12 P70 (pg/mL) 13.61±12.87 10.80±10.58 6.89±5.83 0.007b

IL-17 (ng/mL) 7.15±6.99 5.87±7.05 2.50±1.04 <0.001b,c

IL-18 (pg/mL) 464.84±279.39 483.56±232.08 280.29±151.87 <0.001b,c

WBC: white blood cells; IL: interleukin; group 1: diabetic foot syndromes; group 2: diabetes mellitus type 2; group 3: control
*: results of the Kruskal-Wallis H test; a: there is a statistically significant difference between group 1 and 2; b: there is a statistically significant difference between 
group 1 and 3; c: there is a statistically significant difference between group 2 and 3; data were shown as mean ± standard deviations
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The performances of IL-12 P70, 17 and 18 biomarkers in 
diagnosing DFU and in separating it from healthy controls 
were statistically significant [respectively; area under the curve 
(AUC)=0.736, 0.791 and 0.723; p<0.001, p<0.001, p<0.001]. 
Cut-off values for relevant variables were calculated as >5.42, 
>3.3, >407.2, respectively (Table 3 and Figure 1).

The performances of IL-12 P70, 17 and 18 in diagnosing type 2 
DM and in separating it from healthy controls were statistically 

significant, but no statistically significant difference was found 
in terms of IL-17 (respectively; AUC=0.656, 0.678 and 0.785, 
p=0.030, p=0.085 and p<0.001). Cut-off values for relevant 
variables were calculated as >5.9, >1.98, >315.58, respectively 
(Table 4 and Figure 2).

In diagnosing diabetic foot according to DM type 2 group, the 
performances of IL-12 P70, 17 and 18 in diagnosis of DFU and 
in separating it from type 2 DM were not statistically significant, 

Table 3. Diagnostic performances of interleukin-12 P70, 17 and 18 in diagnosing diabetes mellitus type 2 with diabetic foot 
ulcer group and in separating it from control group

Biomarkers Cut-off values AUC SE of AUC 95% CI of AUC p values Sens. Spec.

Predictive values (%)

PPV NPV

IL-12 P70 >5.42 0.736 0.0653 0.608 to 0.840 <0.001 83.87 67.74 72.2 80.8

IL-17 >3.3 0.791 0.0576 0.669 to 0.884 <0.001 64.52 83.87 80.0 70.3

IL-18 >407.2 0.723 0.0652 0.594 to 0.829 <0.001 51.61 90.32 84.2 65.1

AUC: area under the curve; SE: standard error; CI: confidence interval; IL: interleukin; Sens.: sensitivity; Spec.: specificity; PPV: positive predictive value; NPV: negative 
predictive value

Figure 1. Receiver operating characteristics curves of 
the interleukin-12 P70, 17 and 18 in diagnosing diabetes 
mellitus type 2 with diabetic foot ulcer group and in 
separating it from control group
IL: interleukin

Table 4. Diagnostic performances of interleukin-12 P70, 17 and 18 in diagnosing diabetes mellitus type 2 group and separating 
it from control group

Biomarkers Cut-off values AUC SE of AUC 95% CI of AUC p values Sens. Spec.

Predictive values (%)

PPV NPV

IL-12 P70 >5.9 0.656 0.0722 0.527 to 0.771 0.030 75.6 70.97 73.5 73.3

IL-17 >1.98 0.678 0.0678 0.550 to 0.790 0.085 81.82 48.39 62.8 71.4

IL-18 >315.58 0.785 0.0584 0.664 to 0.878 <0.001 69.70 80.65 79.3 71.4

AUC: area under the curve; SE: standard error; CI: confidence interval; IL: interleukin; Sens.: sensitivity; Spec.: specificity; PPV: positive predictive value; NPV: negative 
predictive value

Figure 2. Receiver operating characteristics curves of 
the interleukin-12 P70, 17 and 18 in diagnosing diabetes 
mellitus type 2 group and separating it from control group
IL: interleukin
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(respectively; AUC=0.542, 0.610, 0.556 and p=0.575, p=0.124, 
p=0.448). Cut-off values for relevant variables were calculated as 
>5.9, >1.98, >315.58, respectively (Table 5 and Figure 3).

Discussion
Our study demonstrated a relationship between serum IL-12 
P70, IL-17, and IL-18 levels and both DM type 2 and DFU.

It was reported that the frequency of cardiovascular diseases 
increases 2-4 times in diabetic patients with DFU (19). 
The comparison of biochemical parameters such as LDL, 
triglyceride and total cholesterol levels between normal and 
diabetic individuals shows that there is correlation between 
inflammation and DM (19). Recent studies indicated that 
the level of inflammatory cytokines IL-1, IL-6 were higher in 
diabetic patients with cardiovascular diseases (18).

It was reported that cardiovascular diseases are more common 
in diabetic patients compared with non-diabetic patients (21). 
Recent studies indicated that the level of inflammatory cytokines 
IL-1, IL-6 were higher in diabetic patients with cardiovascular 
diseases (19). However, there is not much study on IL-12 P70, 
IL-17, and IL-18 levels in diabetic patients. 

Studies about DM type 2 and IL-12 P70 were found in the 
literature (6,7). IL-12 P70 is a pro-inflammatory cytokine 
which stimulates the proliferation and migration of T cells and 
natural killer cells (22). Type 2 DM is a chronic inflammatory 
disease (23,24). High IL-12 P70 levels in patients with type 2 
DM are associated with pro-inflammatory cytokines and chronic 
inflammatory disease. Our results were compatible with this 
mechanism and the literature.

Development of DFU is multifactorial. Diabetic foot ulcerations 
occur as a result of complex interactions of factors such as 
peripheral artery disease, atherosclerotic plaque, changes in the 
microcirculation, and peripheral neuropathy. Proliferation and 
migration of T-cell and natural killer cells induced by IL-12 
P70 play an important role in the formation of atherosclerotic 
plaques (25). Atherosclerotic plaques can lead to changes in 
microcirculation and peripheral arterial disease (26), as well as 
the production of IL-12 P70 is increased in viral, fungal, and 
bacterial infections (8). The role of IL-12 P70 in DFU can be 
explained by the increase in the reproducing rate of bacteria in 
diabetic ulcer’s areas. In our study, the highest levels of IL-12 P70 
were found in the DFU group. We think that these levels can 
be explained in two ways: 1) IL-12 P70 is a pro-inflammatory 
cytokine, 2) IL-12 P70 can play a role in the development of 
diabetic foot syndrome.

However, there is not enough data about IL-17, and IL-18 levels 
in patients with DM in the literature. IL-17 is a pro-inflammatory 
cytokine released by T cells. There are some studies and animal 
models which show that IL-17 plays a role in the pathogenesis 
of DM type 1. Type 1 DM was prevented in the non-obese mice 
with anti-IL-17 treatment (10). The high presence of IL-17 
levels in these studies are related with autoimmune diseases. IL-
17 has also been implicated in allergic skin response (27). Gram-
negative bacteria such as Escherichia coli, Pseudomonas aeruginosa, 
and Klebsiella spp. are more common in severe DFU (28). IL-17 
plays an important role in fighting against extracellular pathogens 
such as Candida and Klebsiella (12). According to our results, 
we think that high IL-17 levels in both DFU and DM groups 
may be attributed to the fact that IL-17 is a pro-inflammatory 
cytokine. High IL-17 levels in patients with DFU may be due to 
inflammation in the ulceration, deterioration of skin integrity, 
and various types of bacteria causing infections. In our study, 
higher level of IL-17 in both DFU and DM groups compared 

Table 5. Diagnostic performances of interleukin-12 P70, 17 and 18 in diagnosing diabetes mellitus type 2 with diabetic foot 
ulcer group and in separating it from diabetes mellitus type 2 group

Biomarkers Cut-off values AUC SE of AUC 95% CI of AUC p Sens. Spec.

Predictive values (%)

PPV NPV

IL-12 P70 >10.38 0.542 0.0741 0.412 to 0.667 0.575 41.94 75.76 61.9 58.1

IL-17 >3.46 0.610 0.0714 0.480 to 0.729 0.124 64.52 60.61 60.6 64.5

IL-18 ≤295.4 0.556 0.0741 0.427 to 0.680 0.448 45.16 78.79 66.7 60.5

AUC: area under the curve; SE: standard error; CI: confidence interval; IL: interleukin; Sens.: sensitivity; Spec.: specificity; PPV: positive predictive value; NPV: negative 
predictive value

Figure 3. Receiver operating characteristics curves of 
the interleukin-12 P70, 17 and 18 in diagnosing diabetes 
mellitus type 2 with diabetic foot ulcer group and in 
separating it from diabetes mellitus type 2 group
IL: interleukin



6

Kaleli et al. Interleukins in Diabetics

with control group gives an idea that IL-17 may be related with 
diabetic disease and can be used as a marker in diagnosis of DM. 
Additionally, higher level of IL-17 in DFU group suggests that 
IL-17 can be used as a pro-inflammatory marker for diabetic foot.

IL-18 is a pro-inflammatory cytokine secreted by epithelial cells, 
macrophages and dendritic cells; and known as an interferon-γ 
stimulating factor (14). Elevated IL-18 levels are an independent 
predictor of type 2 DM and metabolic syndrome (29). In an 
animal study, IL-18 has been shown to cause β-cell dysfunction 
and deterioration of insulin secretion (30). IL-18 causes 
endothelial dysfunction and plays a role in atherosclerosis (31). 
In another study, the relationship between IL-18 and DFU was 
examined. IL-18 is a pro-inflammatory cytokine (32). A study 
showed the correlation between plasma IL-18 levels and plasma 
fasting glucose; plasma IL-18 levels and insulin levels; plasma 
IL-18 levels and obesity in females; and plasma IL-18 levels and 
DFU (16). In our study, high levels of IL-18 in the patients with 
type 2 DM were consistent with the literature. High levels in 
patients with DFU are due to the role of IL-18 in atherosclerosis, 
as IL-18 is pro-inflammatory cytokine. Higher level of IL-18 
in both DFU and DM groups suggests IL-18 may be used as a 
marker in diagnosis of them. 

Studies have shown that high LDL level and low HDL-C in 
type 2 DM patients are related with cardiovascular diseases (33). 
In our study, higher level of LDL in both patients with type 2 
DM and patients with  diabetic foot syndrome was supported 
by these studies. According to the AHEAD Research Group’s 
study, intensive lifestyle intervention or diabetes support and 
education may help to increase HDL-C level in diabetic patients 
(33). Nevertheless, there was no significant difference in terms 
of HDL-C between diabetic foot syndrome, DM and control 
groups in our study.

HbA1c is the best indicator for glycemic control. It is used as 
significant parameter to monitor blood glucose level in patients 
with DM (34). We found high level of HbA1c in patients with 
type 2 DM and diabetic foot syndrome in our study, which were 
expected. 

Study Limitations

This study was conducted within a limited period. For this 
reason, it is considered that increasing the number of patients 
and studying other IL inflammation markers may be appropriate. 

Conclusion
We think that IL-12 P70, 17 and 18 parameters can be used as 
biomarkers for diagnosis of DFU and type 2 DM. This study 
will guide researchers for future studies to find inflammatory 
biomarkers in DM and DFU. According to our results, further 
comprehensive studies are needed to investigate specific 
biomarkers for diagnosis of DFU related with inflammatory. 
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