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ABSTRACT 

Diabetes mellitus is a long-term illness that gets worse with time. Diabetic foot 

infection (DFI) is one of its numerous side effects that can cause major alterations 

in a number of immunological markers. In Kerbala, Iraq, this study examined a 

number of immunological markers in patients with type 2 diabetes mellitus 

(T2DM) with or without diabetic foot ulcers, along with in healthy volunteers. The 

markers included Toll-like Receptor-2 (TLR-2), Interleukin-17A (IL-17A), and C-

reactive protein (CRP). The study, which included 120 patients with diabetic foot 

of females and males and ages ranging from 35 to 75 years, was carried out at the 

Imam Al-Hassan Center for Endocrinology and Diabetes in the city of Karbala 

Iraq. Each participant had seven milliliters of blood extracted using a disposable 

syringe; the serum was separated in a cooled centrifuge by centrifugation at 4000 

xg. Before analysis, the serum samples were kept at -20°C. As compared to the 

T2DM and control groups, the average concentration of TLR-2 in DFI patients 

had been substantially greater (7.36±1.85 ng/ml) (p < 0.001). Comparably, 

compared to the T2DM and control groups, the average concentration of IL-17A 

in DFI patients was considerably higher (123.7±33.52 ng/L) (p < 0.001). 

Furthermore, DFI patients had a mean CRP level that was considerably higher 

than that of the T2DM as well as control groups (92.9±78.26 mg/L; p < 0.001).  

The study concluded that, in comparison to the T2DM and control groups, DFI 

patients had notably higher levels of the immunologic biomarkers TLR-2, IL-17A, 

and CRP. These results point to a possible involvement of these indicators in the 

development of type 2 diabetes. 

 

INTRODUCTION 

 

As one of the top 10 causes of death worldwide, diabetes is a serious global health concern, based 

according to International Diabetes Federation's Diabetes Atlas [1]. A major increase in the overall 

incidence of diabetes is anticipated, according to a new study. 9.3% of the world's population (463 

million) is predicted to develop diabetes by 2030; by 2045, this number is predicted to rise to 

10.2% (578 million) [2]. One dangerous side effect of diabetes is diabetic foot ulcers, which 

frequently result in amputation. Diabetes patients account for more than half of all amputations, 

which usually result from infected foot ulcers [3]. These ulcers are brought on by poor circulation 

(vascular disease), which is frequently linked to diabetes, and nerve damage (peripheral 
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neuropathy). About half of diabetic foot ulcers get infected if treatment is not received, and 20% 

of these instances result in bone infections (osteomyelitis). Twenty percent of ulcer patients 

require lower limb amputation due to diabetic foot, which is also one of the primary causes of non-

traumatic amputation of lower limbs [4]. With a roughly 40% 5-year survival rate, diabetic foot 

ulcer patients also have high death rates. The death rate rises sharply to almost 60% for patients 

who have had an amputation [4]. 

Researchers are looking into the immune system's possible involvement in diabetic foot ulcers and 

type 2 diabetes. Toll-like receptors (TLRs), in particular, seem to be important components of the 

innate immune system. According to studies, certain TLRs may cause the immune system to react 

to signs of bodily injury [5]. TLRs may play a role in the onset of type 2 diabetes since the disease 

is characterized by the accumulation of these damaging signals [5]. Furthermore, studies have 

indicated the adaptive immune system's role, particularly that of Th17 cells, which generate the 

chemical IL-17A and may be involved in the pathophysiology of type 2 diabetes [6]. Moreover, 

raised C-reactive protein (CRP) levels may indicate a higher chance of type 2 diabetes [7]. 

The Goal of Our Study 

The aim of this study was to measure the levels of several important immune system markers in 

three different participant groups: people who have diabetic foot ulcers, diabetic individuals 

without foot ulcers, and healthy control participants without diabetes. This was done because it 

appears that the immune system plays a critical role in both type 2 diabetes and diabetic foot ulcers. 

Toll-Like Receptor 2 (TLR-2), Interleukin-17A (IL-17A), and C-Reactive Protein (CRP) levels in 

these three groups were specifically measured as part of the study. The researchers aimed to obtain 

additional understanding regarding the immune system's possible role in the onset and 

advancement of diabetic foot ulcers by examining the concentrations of these critical immune 

system components in each of the three study groups. 

METHODOLOGY  

 

Study design and Samples collection: 

The design of this study was case control. A total of 120 blood samples were drawn from three 

distinct participant groups: forty individuals with type 2 diabetes mellitus without foot ulcers, 

Forty individuals with diabetic foot ulcers, and forty healthy people without diabetes.  

Patients with type 2 diabetes mellitus and diabetic foot ulcers who were over 35, of both sexes, 

and who had received a previous diagnosis from a clinical medical professional within the Imam 

Al-Hasan Center for Endocrinology and Diabetes between October 2022 and January 2023 were 

eligible to join the diabetic foot ulcer group. 

Before being centrifuged in a cooled centrifuge, the peripheral blood samples were gathered and 

kept in gel tubes. After the serum was separated, it was kept in a deep freezer until it was time to 

assess three important markers of the immune system: C-Reactive Protein (CRP), Interleukin-17A 

(IL-17A), and Toll-Like Receptor 2 (TLR-2).  

People with type 1 diabetes mellitus, pregnant women, patients with foot ulcers who were not 

diabetics, and patients under the age of 35 were not included in the study. 

Determination of immunological parameters in serum:  

Determination of Toll-like receotor-2 (TLR-2): 

An ELISA kit for human Toll-like Receptor-2 was used to measure the level of Toll-Like Receptor 

2 (TLR-2). Enzyme-Linked Immunosorbent Assay (ELISA) kit produced in China by Bioassay 
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Technology Laboratory. Antibodies specific to human TLR-2 were pre-coated on the ELISA plate 

used in this experiment. After that, the TLR-2 in the sample was able to attach itself to the 

antibodies on the plate. A human TLR-2 antibody that had been biotinylated was then added, and 

it too bound to the TLR-2 present in the sample. Streptavidin-HRP, that attaches to the biotinylated 

TLR-2 antibody, was then added. After that, any unattached Streptavidin-HRP was removed with 

an ELISA washer.  

Subsequently, a substrate solution had to be added, and its color changed in direct proportion to 

the quantity of human TLR-2 found in the specimen. The process was then stopped by adding an 

acidic stop solution, while the optical density (OD) at 450 nm was recorded. The researchers were 

able to measure the amounts of TLR-2 in the blood samples taken from each study group using an 

ELISA-based technique. 

Standard solution preparation:  

The standard solution was reconstituted with an initial concentration of 48 ng/ml, following the 

guidelines included with the ELISA kit. In order to achieve this, 120 microliters of the standard 

diluent and 120 microliters of the standard solution were combined, yielding a standard stock 

solution with a 24 ng/ml concentration.  

The method was then repeated in serial dilutions to get standard solutions at concentrations of 1.5 

ng/ml, 1.5 ng/ml, 6 ng/ml, and 3 ng/ml. The zero standard was the standard diluent alone, with a 

concentration of 0 ng/ml. 

After that, a microplate reader calibrated to 450 nm was used to directly measure the optical 

density (OD) of each of these standard solutions. Within ten minutes after applying the stop 

solution to the mixture, this measurement was made. 

A TLR-2 standard curve was created utilizing these standard solutions, which had known TLR-2 

concentrations. As seen in Figure 1, this standard curve included a range of 0.000 ng/L to 24.000 

ng/ml. Using the measured OD values at 450 nm, the researchers were able to calculate the TLR-

2 concentrations in the samples that were not known thanks to the use of this standard curve. 

 

Fig. No.1: Standard curve of TLR-2 

Determination of Interleukin-17A (IL-17A):  

This was performed by using of Human Interleukin-17A ELISA kit as described in TLR-2 

determination. 
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Standard solution preparation:     

The standard solution was reconstituted with an initial concentration of 1280 ng/L, following the 

guidelines included with the ELISA kit. In order to do this, 120 microliters of the standard diluent 

and 120 microliters of the standard solution were combined, yielding a standard stock solution 

with a 640 ng/L concentration.  

The same process was then used in serial dilutions to create standard solutions at concentrations 

of 40, 80, 160, and 320 ng/L. The zero standard was the standard diluent alone, with a 

concentration of 0 ng/L. 

Next, using a microplate reader set to 450 nm, the optical density (OD) of these standard solutions 

was directly measured. After applying the stop solution to the samples, the samples were measured 

within ten minutes.  

An IL-17A standard curve was created using these standard solutions, which had known IL-17A 

concentrations. Figure 2 illustrates the range of this standard curve, which was 0.000 ng/L to 

640.000 ng/L. 

By using this standard curve, the researchers were able to infer the IL-17A concentrations from 

the obtained OD values at 450 nm in the unknown samples.  

 

Fig. No.2: Standard curve of IL17-A 

Determination of C-reactive protein (CRP):  

This parameter was determined according to turbidimetry method by using of CRP kit prepared 

by Shenzhen Mindary Bio-Medical Electronics Co., China.  

Reaction principle:  

An immunoagglutination reaction served as the basis for determining the concentration of C-

Reactive Protein (CRP). The kit's anti-human CRP antibodies interacted with the sample's CRP 

molecules to produce an immunocomplex. The amount of CRP present in the sample was exactly 

correlated with the turbidity or light absorbance of this immunocomplex. Stated differently, an 

increase in CRP leads to an increase in immunocomplex formation and an increase in observed 

absorbance. 
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The following stages were engaged in the assay procedure: • The kit components were combined 

and incubated at 37°C for 3 minutes. Next, the absorbance of the blank was measured. 

The blank and sample solutions were then combined completely at 37°C with 50 µL of Reagent 

2.  

 

• Five minutes later, the absorbance was tested once more.  

• The analyzer then automatically determined each sample's CRP concentration following the 

necessary calibration.  

By measuring the immunocomplex formation photometrically, the researchers were able to 

measure the amounts of CRP in blood samples taken from each of the study groups.  

Ethical consideration: 

The University of Karbala's College of Science Ethical Committee gave its approval for this 

research. Before any samples were collected, all subjects who were engaged in this research 

project were informed about it and gave their verbal agreement. 

Statistical Analysis:  

The main objective was to find any significant differences between the several groups under 

investigation.  

If a stringent statistical test was passed, the differences were deemed statistically significant. The 

researchers used a method known as Receiver Operating Characteristic (ROC) analysis to 

ascertain the best approach to identify crucial circumstances. 

ROC analysis is a potent statistical technique that aids in assessing the performance and diagnostic 

accuracy of various tests or prediction models. The researchers could discover the best cut-off 

values or thresholds for recognizing significant clinical or research-related results by employing 

ROC analysis.  

Based on the data gathered, the investigators were able to determine the most efficient methods 

for identifying key moments and make trustworthy findings regarding the variances among the 

study groups thanks to the analytical technique they employed. 

RESULTS AND DISCUSSION 

 

A case-control study was how the current investigation was planned. The analysis comprised 120 

persons in total:  

1. The "DFI" group consisted of 40 patients who had both type 2 diabetes mellitus (T2DM) and 

diabetic foot ulcers. 

2. T2DM patients without foot ulcers made up 40 of the subjects.  

3. Forty people appeared to be healthy controls.  

The samples were taken at the Imam Al-Hassan Center for Endocrinology and Diabetes over the 

course of four months, from October 2022 to January 2023.  

The findings demonstrated that, in comparison to the healthy control group, patients with diabetic 

foot infections (DFI) had noticeably greater levels of Toll-like receptor 2 (TLR-2). The DFI 

patients had a mean TLR-2 level of 7.36 ± 1.85 ng/ml, as indicated in Table 1. This was 

substantially greater than the values seen in the T2DM and control group (p < 0.001).  

These results imply that in people with type 2 diabetes mellitus, the onset of diabetic foot 

infections may be linked to elevated TLR-2 expression. 
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Tab. No. 1: Mean difference of some biomarkers among the Three Studied Groups 

Biomarker 

DFI 

N=40 

(mean±SD) 

DM 

N=40 

(mean±SD) 

Control 

N=40 

(mean±SD) 

P-value 

TLR-2 

(ng /ml) 
7.36±1.85* 6.46±2.09 4.74±0.92 <0.001 

IL-17A 

(ng/L) 
123.7±33.52 107.4±32.10* 91.78±13.58 <0.001 

CRP 

(mg/L) 
92.9±78.26* 9.16±3.00 7.47±2.79 <0.001 

ANOVA was *: significant at p ≤ 0.05, Post hoc (LSD) 

N: number of cases; SD: standard deviation; *: significant 

 

The study's findings regarding the relationship between age and TLR-2 levels showed that, in the 

diabetic foot infection (DFI) group, mean TLR-2 levels rose with age, especially in the 55–64 age 

range. The DFI cohort's mean TLR-2 levels were greater in the older age groups than in the 

younger age groups, as Table 2 illustrates. This implies that the age of the individuals may have 

an impact on TLR-2 expression, as older DFI patients show noticeably higher TLR-2 levels than 

younger patients. 

These results suggest that age should be taken into account when assessing TLR-2's involvement 

in the etiology of diabetic foot infections. Age-related alterations in the immune system and the 

emergence of problems connected to diabetic foot disease may be explained by the elevated TLR-

2 levels seen in the older age groups of DFI patients. 

Tab. No. 2 : Age effects on the Toll Like Receptor-2 levels according to the three studied groups 

 

Determination of Interleukine-17A (IL-17A) levels: 

Interleukin-17A (IL-17A) levels were considerably greater in patients with diabetic foot infections 

(DFI) than in the healthy control group, according to the study's findings.  

Table 1 indicates that the DFI group had a mean level of IL-17A of 123.7 ± 33.52 ng/L, 

significantly greater than the values found in the control and diabetic mellitus (DM) groups (p < 

0.001). These results suggest that, in comparison to the healthy persons, the DFI patients exhibited 

a significantly higher range of IL-17A concentrations. 

Moreover, the examination of IL-17A levels in correlation with age demonstrated that these levels 

significantly increased with age, especially in the 45–54 and 55–64 age groups, as indicated by 

Table 3. 

These findings imply that age plays a significant role in determining the levels of this 

proinflammatory cytokine in people with diabetic foot infections and that elevated expression of 

IL-17A may be linked to the onset and progression of diabetic foot problems. 

. 

Groups 

(35 – 44) Years 

(mean±SD) 

(45 – 54) Years 

(mean±SD) 

(55 – 64) Years 

(mean±SD) 

(65 – 74) Years 

(mean±SD) 

(≥75) 

Years 

(mean±SD) 

Concentration (ng /ml) 

DFI 6.20±0.55 7.61±0.55* 8.68±0.55 7.21±0.60 7.12±0.60* 

DM 6.01±0.55* 7.27±0.55 6.58±0.60 5.98±0.60* 6.49±0.55 

Control 4.55±0.55 4.16±0.55 4.27±0.55 5.35±0.55 5.38±0.55 

ANOVA was *: significant at p ≤ 0.05, Post hoc (LSD) 
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Tab. No. 3 : Age effects on the IL-17A levels according to the three studied groups 

Groups 

35 - 44 Years 

(mean±SD) 

45 - 54 Years 

(mean±SD) 

55 - 64 Years 

(mean±SD) 

65 - 74 Years 

(mean±SD) 

≥75 Years 

(mean±SD) 

Concentration (ng/L) 

DFI 119.57±10.98 144.00±12.03* 140.87±10.98 119.61±10.98* 94.42±12.03 

DM 107.04±10.98 105.85±12.03 111.78±10.98* 119.30±12.03 93.01±10.95 

Control 100.15±10.98 95.34±10.98 87.41±10.98 88.92±10.98 87.08±8.92 

ANOVA  was *: significant at p ≤ 0.05, Post hoc (LSD) 

 

Determination of C-Reactive Protein (CRP) levels 

When comparing the mean C-Reactive Protein (CRP) levels of patients with diabetic foot 

infections (DFI) to those with diabetes mellitus (DM) and healthy control groups, a substantial 

rise was observed.  

The DFI group's mean CRP level was 92.9 ± 78.26 mg/L, as indicated in Table 1. This was 

substantially higher than the CRP levels seen in the DM and control groups (p < 0.001). According 

to these results, the CRP concentrations of the DFI patients were significantly higher than those 

of the other research groups. 

Moreover, an examination of CRP levels in various age groups showed that CRP rose with 

advancing years. Table 6 shows that the CRP levels were higher in the older individuals, especially 

in the 55–64 age range, and gradually decreased.  

These findings imply that the onset and advancement of diabetic foot problems are linked to 

elevated CRP production. Furthermore, it seems that age has a significant role in determining the 

levels of this inflammatory marker, as middle-aged DFI patients had the highest CRP values. 

Tab. No. 4: Age effects on the CRP levels according to the three studied groups 

Groups 

(35 – 44) Years 

(mean±SD) 

(45 – 54) Years 

(mean±SD) 

(55 – 64) Years 

(mean±SD) 

(65 – 74) Years 

(mean±SD) 

(≥75) 

Years 

(mean±SD) 

Concentration (mg/L) 

DFI 85.97±18.40* 112.30±18.40* 129.37±18.40* 76.12±20.16* 60.76±20.16* 

DM 8.47±18.40 9.72±18.40 11.24±20.16 8.82±20.16 7.55±18.40 

Control 6.63±18.40 8.53±18.40 8.23±18.40 8.12±18.40 5.88±18.40 

ANOVA was *: significant at p ≤ 0.05, Post hoc (LSD) 

  

Odd ratio: 

The relationship between the biomarkers (C-Reactive Protein (CRP), Interleukin-17A (IL-17A), 

and Toll-like Receptor 2 (TLR-2)) and the onset of diabetic foot infection (DFI) and diabetes 

mellitus (DM) was examined using a multinomial logistic regression analysis. The biomarkers 

(CRP, IL-17A, and TLR-2) demonstrated a highly significant correlation with instances of diabetic 

foot infection (DFI), according to the regression analysis's findings. It has been determined that 

certain biomarkers increase the likelihood of developing diabetic foot problems. 

More specifically, a higher CRP level was associated with a considerably increased risk of DFI, 

as indicated by the odds ratio (OR) for CRP of 55.058 (95% CI: 3.000-56.021). Comparably, the 

OR for IL-17A was 1.035 (95% CI: 1.012-1.059), indicating that for every unit rise in IL-17A 

levels, there was a 3.5% greater risk of DFI. 

Additionally, the OR for TLR-2 was 4.347 (95% CI: 2.257-8.371), indicating that greater TLR-2 

levels are associated with a risk of DFI that is more than four times higher.  

These results demonstrate the potential value of CRP, IL-17A, and TLR-2 biomarkers as 
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significant risk factors and predictive markers for the onset of diabetic foot infections in 

individuals with diabetes mellitus.  

ROC analysis of TLR-2: 

Examining TLR-2 as a Diagnostic Tool: 

Using Receiver Operating Characteristic (ROC) curve analysis, the study assessed Toll-like 

Receptor 2 (TLR-2)'s potential as a diagnostic marker for diabetes mellitus. The results are shown 

in Table 5.  

The ROC curve analysis's results were encouraging, showing that diabetes patients could be 

distinguished from healthy controls with reasonable accuracy. At a TLR-2 level of 5.87 ng/ml, the 

analysis revealed a sensitivity of 81.4% and a specificity of 97.6%. With a p-value of less than 

0.001, Youden's J statistic (as seen in Figure 3) further reinforced the statistical significance of 

this conclusion.  

According to these findings, TLR-2 may prove to be a useful biomarker for diabetes mellitus 

diagnosis. TLR-2 is an invaluable tool for identifying and making a diagnosis of diabetes due to 

its high sensitivity and specificity, which were noted in the ROC curve analysis. TLR-2 can 

efficiently discriminate between those who have diabetes and those who do not.  

TLR-2's clinical relevance in the administration of diabetes is highlighted by its statistical value 

and Youden's J statistic, which offer extra confidence in the marker's function as a diagnostic. 

 

TLR-2 in Diabetic Foot Infections (DFI) and Diabetes Mellitus (DM): 

The usefulness of Toll-like Receptor 2 (TLR-2) in the diagnosis of diabetes mellitus (DM) and 

diabetic foot infections (DFI) independently was also investigated in this investigation.  

In comparison to the whole diabetic group, the results showed that TLR-2 levels were considerably 

more accurate and precise to identify those with diabetic foot infections (DFI). 

At a TLR-2 level of 6.347 ng/ml, the ROC curve analysis revealed a sensitivity of 80% and a 

specificity of 70% for the diagnosis of DFI. As seen in Tables 6, Figures 4, and 5, this result was 

statistically significant with a p-value of less than 0.001.  

These findings imply that TLR-2 has a great deal of promise as a marker for diagnosis for DM 

and DFI patients’ differentiation. TLR-2 can be a useful tool in the early detection and diagnosis 

of diabetic foot problems, which are a major source of morbidity and mortality in people with 

diabetes, as shown by the enhanced sensitivity and specificity seen for the DFI group.  

The therapeutic usefulness of TLR-2 as a diagnostic marker for diabetic foot infections is further 

strengthened by the statistical significance of these results, which offer important new information 

for the treatment and avoidance of these serious diabetes sequelae. 

Tab. No. 5: ROC screening sensitivity and specificity of TRL-2 in DM (both DFI and DM) 

patients compared to control 

 

 

 

 

 

 

 

 

ROC analysis TRL-2 

AUC 92% 

Sensitivity 81.4% 

Specificity 97.6% 

P value <0.001[S] 

Cut off 5.87 

Youden index 0.781 

CI% (Lower- upper) (0.860-0.973) 

PPV 92.68% 

NPV 88% 

Accuracy 70% 
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Fig. No. 3: ROC curve of TLR-2 levels in Patient and Control, The area under the ROC curve: 

92% 

Tab No. 6: ROC display sensitivity and specificity of TRL-2 

 

 

Fig. No. 4: ROC curve of Toll-like levels in Patients for DFI, The area under the ROC curve: 

74.6%, 

 

 

 

 

Test Result Variable(s) DFI DM 

AUP 74.6% 67.3% 

Sensitivity % 80% 79.3% 

Specificity % 70% 65% 

Youden index 0.461 0.36 

Cut‐off points 6.46 5.87 

CI   (95%) (0.643-0.849) (0.557-0.790) 

P value <0.001[S] 0.008[S] 

https://bcsdjournals.com/index.php/jsrmbs


153 |  
J o u r n a l  o f  S c i e n t i f i c  R e s e a r c h  i n  M e d i c a l  a n d  B i o l o g i c a l  S c i e n c e s  

https://bcsdjournals.com/index.php/jsrmbs 

 

 

 

Fig. No. 5: ROC curve of Toll-like levels in Patient for DM, The area under ROC curve: 67.3% 

Discussion: 

Numerous research have examined the expression levels of Toll-like Receptor 2 (TLR2) in relation 

to diabetes and diabetic foot infections. According to a 2014 study conducted in the USA by Dasu 

and Martin, diabetic patients' wounds had considerably higher TLR1, 2, 4, and 6 mRNA 

expressions than non-diabetic wounds (8). Comparing those with well-controlled diabetes and 

problems to non-diabetic volunteers, an Irish study conducted in 2017 by Gupta et al. discovered 

that those with higher TLR2, 4, and 5 levels had diabetes-related issues (9). In an Egyptian 

investigation, Wifi et al. (2017) discovered no statistically significant variation in TLR2 

expression among the three categories they looked at (10).  

On the other hand, in their US-based investigation, Mohammad et al. (2006) observed elevated 

TLR2 expression in the bone marrow-derived macrophages of non-obese diabetic mice (11). 

Furthermore, a different study conducted in the UK demonstrated increased TLR2 expression in 

the adipose tissue of individuals diagnosed with type 2 diabetes (T2DM) (12). It is known that 

TLR-2 functions as a signaling receptor for a variety of microbial products, such as those produced 

by mycoplasma and Gram-positive bacteria (13). According to a 2009 study by Ajuwon et al., 

peptidoglycan produced from Staphylococcus aureus caused adipocyte cell lines to express TLR2 

more highly (14). The discovery that TLR2-deficient mouse strains are more prone to infections 

by Gram-positive bacteria like Staphylococcus aureus indicates that TLR2 has an anti-infectious 

effect (15). 

Regarding the impact of aging on TLR expression and signaling in peripheral leukocytes, the data 

is wildly contradictory. research like the Australian work of Simpson et al. (2013) (16) have shown 

rising TLR-2 function and expression; conversely, research from the USA (17) have shown 

decreases in TLR-2. Furthermore, some American investigations have reported no aging-related 

changes in TLR-2 (18). Moreover, elderly mice with decreased TLR function were studied by 

Renshaw et al. (2002) in Atlanta (19). Although TLR miRNA analysis has been shown in previous 

papers to show varying expression patterns with age, the functional significance of these 

modifications in the transcriptional regulation of TLR adaptor molecules remain to be determined 

(20). 

According to a study by Van Duin and collaborators done in the United States, older persons 

respond less favorably to TLR1/2-specific activation than younger participants do, producing less 

TNF-α and IL-6 as a result (21).  

In terms of IL-17A, the present findings concurred with those of a local study by Kadhim (2021), 

which showed that patients with diabetic foot ulcers (DFUs) had significantly higher levels of IL-

17A than did the control group (22). 
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Comparing all diabetic groups to the healthy control group, AL-Sahi and colleagues also found a 

very substantial difference (p<0.01) in IL-17A levels, with the DFU group having the highest 

amount of IL-17 (23).  

The present findings are also consistent with the research conducted in India by Parhi et al. (2019), 

who reported that IL-17 levels were greater in diabetes patients than in healthy controls, and that 

the levels of IL-17 were considerably higher in patients with problems than in those without (24).  

Additionally, Zareian and Mirzaii Dizgah's (2014) study from Iran found that patients with type 2 

diabetes mellitus (T2DM) had significantly higher serum concentrations of IL-17 than the controls 

(p=0.002) (25). 

Furthermore, compared to the control group, the diabetic foot group and the diabetic group had 

higher levels of HbA1c, white blood cells, IL-17, and IL-18 in a study conducted in Turkey by 

Kaleli et al. (2019) (26).  

As a pro-inflammatory cytokine, IL-17A has two functions: it stimulates the immune system's 

early defenses against infections but also plays a part in autoimmune diseases and harmful 

inflammatory states. As IL-17 is a pro-inflammatory cytokine, the high levels in DFI patients may 

be caused by the inflammation associated with ulceration, compromised skin barrier, and different 

kinds of infectious bacteria. These findings support the hypothesis that the higher levels of IL-17 

found in the diabetic foot infection (DFI) and diabetes mellitus (DM) groups. One possible 

explanation is that metalloproteinase stimulation, hypertension, and vascular dysfunction may be 

amplified when IL-17A interacts with its receptor. An additional mechanism involves the 

activation of the JAK/STAT system, which may result in the dysregulation of molecules 

associated to gluconeogenesis, beta-cell and liver cell death, and hepatic insulin resistance (27).  

Given that the DFI and DM groups had higher levels of IL-17 than the control group, it is possible 

that IL-17 is a marker for diabetes diagnosis and is linked to the course of the diabetic condition. 

Additionally, the DFI group's significantly greater level of IL-17 suggests that the infection can 

be diagnosed as a pro-inflammatory marker for diabetic foot (26). 

Age-associated traits emerge as a result of intrinsic changes in stem cells as well as tissue-specific 

alterations in the microenvironment during the aging process. The aging skin environment seems 

to be in a low-level but permanent state of chronic inflammation, which is similar to that seen in 

severe skin illnesses (28). IL-17-mediated signaling is significantly connected with the onset of 

chronic inflammatory and autoimmune diseases.  

Numerous research projects have looked into the possible relationship between age-related 

disorders and the persistence of robust inflammatory responses. Since inflammation is a known 

amplification factor, the persistence of severe inflammatory responses with aging, in the absence 

of immune system counterbalancing and therapeutic responses, may greatly worsen disease 

presentation (29) 

According to earlier research, an aging immune system may accelerate the development of a 

number of diseases by causing chronic inflammation, particularly through the activation of 

interleukin signaling (30). Research has indicated that IL-17 is dysregulated as mice age, and that 

older mice have a higher percentage of IL-17-producing cells than younger mice (31). Diabetes 

and other autoimmune and chronic inflammatory disorders have been linked to IL-17A 

overexpression (32). According to a recent study, one of the key cytokines influencing the 

development of diabetic complications is IL-17A (33). 

The current findings on C-reactive protein (CRP) were in line with a local study conducted by 

Kadhim (2021), which found that the diabetic foot infection (DFI) group had statistically 

significant higher levels of CRP than the diabetes mellitus (DM) and healthy people (22). Our 

findings are also consistent with a local study conducted by Muhanedalnajer (34), which 

confirmed that CRP levels were 2.68 ± 1.7 in healthy individuals, 8.95 ± 4.61 in diabetic patients, 

and 103.11 = 68.35 in DFI patients. Furthermore, our findings are corroborated by a Chinese study 
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conducted by Xu and his colleagues, which found that DFI patients had higher CRP levels than 

DM and healthy people (35). 

Acute-phase protein CRP is thought to be the main inflammatory mediator the liver produces after 

an acute infection or inflammation. Infection and damage can cause its concentration to rise up to 

a thousand times. Furthermore, the onset of cardiovascular disease and type 2 diabetic mellitus 

(T2DM) can be predicted by elevated CRP levels (36). CRP has been shown to be a significant 

risk factor for diabetes and is linked to both the severity of glycemic control and the several 

complications that might arise from the disease (37).  

The age group comparison results are consistent with local Shaalan research that found increased 

CRP levels in the 50-to-over-60 age group compared to younger DFI patients (38). Increased 

inflammatory marker levels are frequently linked to age-related illnesses (39).  

The mechanism behind age-related issues also involves low-grade inflammation (40). 

Immunosenescence is the term for the general reduction in immune system function that occurs 

with aging. The three theories that underpin immunosenescence are immune dysregulation 

(disturbance in the regulation of multiple immune system components), immune insufficiency 

(decreased effectiveness of the immune system), and autoimmune (reduced capacity to distinguish 

between invaders and normal tissues). Aging is linked to higher levels of pro-inflammatory 

markers such CRP, according to numerous studies (41). Over 70% of older populations suffer 

from several chronic disorders, making up a large number of those over 65 who suffering from 

various diseases (42). 

Because wounds are a perfect place for bacteria to colonize and multiply because they provide a 

great medium for bacterial development, the higher CRP levels in diabetic foot patients correspond 

with the fact that the majority of lesions are infected (43). According to earlier research, type II 

diabetes might be an inherent immune system illness (44). 

The findings of Arbibe et al. (2000), which demonstrated the significance of TLR-2 in the 

pathophysiology of DM and associated consequences, were consistent with the results of the ROC 

analysis for TLR-2. According to the suggested mechanism, Rac1, a crucial mediator of oxidative 

stress in monocytes, is necessary for TLR2-mediated NF-kB activation in monocytes. Thus, TLR2 

may be important for oxidative stress in diabetic wounds because it activates Rac1, which in turn 

activates NF-kB and pro-inflammatory cytokines. The TRL-2 level was demonstrated to have 

good sensitivity and specificity towards DFI patients (45), supporting this notion. 

 

CONCLUSION 

The observed differences in the levels of these immunological markers between DFI, DM, and control 

groups highlight their potential utility as diagnostic or prognostic biomarkers for T2DM and its 

complications. Further investigation into the mechanistic links between these markers and the 

pathogenesis of T2DM could provide valuable insights into the disease's underlying pathways and 

inform the development of targeted therapeutic interventions. 
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