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Abstract

Objective and design Type 2 diabetes is a pandemic disease characterized by hyperglycemia, ineffective insulin use, and 
insulin resistance and affecting 1 in 11 people worldwide. Inflammation-related insulin resistance is thought to play an 
important role in the etiology of the disease. TLR4 is the central receptor of the natural immune system and has an important 
role as a trigger of the inflammatory response. The IRAK1 and TIRAP are members of the TLR4 pathway and involved in 
the TLR4-mediated inflammatory response. Genetic variants in the TLR4 gene or in the IRAK1 and TIRAP genes may have 
an important role in the development of insulin resistance and type 2 diabetes by disrupting the inflammatory response. In 
this direction, we aimed to investigate the relationship among TLR4 and IRAK1, TIRAP gene variants, and type 2 diabetes 
and insulin resistance, and investigate how these variants affect inflammatory factors (TNF-α, IL-6, MCP-1, and IL-1β).
Subjects and methods In our study, a total of seven variations on the genes of TLR4 (rs4986790, rs4986791), IRAK1 
(rs1059703, rs3027898, rs7061789), and TIRAP (rs8177374, rs8177400) were genotyped by the MassARRAY ® Iplex GOLD 
SNP genotyping in 100 type 2 diabetic patients and 100 non-diabetic individual. The TLR4 rs4986790 and rs4986791 vari-
ation was confirmed by PCR–RFLP method also. The serum IL1-β, IL6, MCP-1, and TNF-α levels were measured using 
enzyme-linked immunosorbent assay kits.
Results and conclusion As a result of our study, no correlation was found among TLR4, IRAK1, and TIRAP gene variants 
and the risk of type 2 diabetes and insulin resistance. However, TNF-α, IL-6, MCP-1, and IL-1β levels were also associ-
ated with diabetes and insulin resistance (p > 0.05). Although the gene variants were not significant in type 2 diabetes and 
insulin resistance groups, IRAK1, TLR4, and TIRAP gene variants were found to be associated with TNF-α, IL-6, MCP-1, 
and IL-1β levels.
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Introduction

Although inflammation is an important component of the 
natural immune response, prolonged chronic inflammation 
can lead to metabolic diseases such as insulin resistance, 
obesity, and type 2 diabetes [1–3].

Type 2 diabetes (T2DM) is a disease characterized by 
hyperglycemia and is caused by complete or partial defi-
ciency of insulin. Insulin deficiency, as well as insulin resist-
ance (IR), plays an important role in the development of 
disease and carbohydrate, lipid, and protein metabolism also 
affects [4].

Insulin resistance is defined as a decrease in biological 
response to normal concentration of insulin in the circula-
tion and is the primary characteristic of type 2 diabetes. 
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Insulin resistance leads to excessive insulin secretion from 
the pancreatic β cells and, thus, compensating hyperinsu-
linemia [5–7].

Insulin resistance is associated with many complex fac-
tors such as genetic, nutritional, and lifestyle. In addition, 
regulators synthesized from the immune system and adi-
pose tissue are involved in the regulation of insulin level. 
Insulin binds to its specific receptor in all cells and ini-
tiates many intracellular cascades. The insulin receptor 
stimulates tyrosine phosphorylation. This step is also one 
of the key molecular steps in inflammation-related insulin 
resistance. Serine phosphorylation with various inflam-
matory signals is one of the most important causes of the 
degradation of the insulin receptor signal [7–10].

The most important of these inflammatory mechanisms 
are associated with cytokines and chemokines. Many of the 
proinflammatory adipokines, such as IL (interleukin)-1β, 
IL-6, IL-8, tumor necrosis factor (TNF)-α, and MCP-1 
(monocyte chemoattractant protein), are expressed by 
white adipose tissue and all affect insulin resistance. 
Activation of the TLR4 signal by long-chain fatty acids 
and lipopolysaccharide (LPS) in adipocytes causes acti-
vation of nuclear factor kappa B (NF-kB) and expression 
of inflammatory regulatory genes, such as TNF-α, IL-1, 
IL-6, and MCP-1 [8, 11]. Inflammation disrupts insulin 
sensitivity by activation of the TLR family, in particular 
TLR4 [12, 13].

Toll-like receptors (TLR) are a group of transmembrane 
proteins that provide the natural immune response to many 
pathogens. It is a homolog of the interleukin-1 receptor 
(IL-1R) in humans and also has an important role in host 
immunity by enabling the adaptive immune response to be 
activated [14, 15].

TLR4 is the central receptor of the natural immune sys-
tem and is expressed in cardiomyocytes, macrophages, tra-
cheal epithelium, and endothelial and smooth muscle cells. 
TLR4 plays an important role in the recognition of microbial 
components, especially LPS [16].

TLR4 induces a series of kinase pathways and transcrip-
tion factor activation to induce a natural immune response 
to pathogens. In the TLR 4 signaling, two pathways, MyD88 
(myeloid differentiation protein 88) dependent pathway and 
MyD88 independent pathway, were identified. The trigger-
ing of signal cascades in the MyD88-dependent pathways 
causes the formation of natural immunity factors such as 
proinflammatory cytokines, chemokines, eicosanoids, and 
reactive oxygen species (ROS) [12].

The activation of Myd88-mediated TLR4 signaling 
pathway occurs as follows; CD14 recognizes bacterial LPS, 
initiates signaling by forming a complex with TLR4 and 
MD-2. Myd88 binds to TLR4 in the presence of TIRAP and 
incorporates IRAK complex into the complex. Then, the 
IRAK is separated from the complex and TRAF is included 

in the complex. Herewith, the NF-κB and regulatory genes 
are activated (Fig. 1) [17].

Interleukin-1 receptor-associated kinases (IRAKs) are an 
important family of death sites that play an important role in 
signal cascades of two receptor families (TLR and IL-1R). 
The IRAK1, member of the IRAK family, is involved in the 
TLR-related inflammation mechanism and important path-
way for various autoimmune and inflammatory diseases such 
as diabetes and atherosclerosis [18].

Adapter protein-containing TIR domain (TIRAP) pro-
vides activation of NF-κB and mitogen activated protein 
(MAP) kinases by TLR2 and TLR4-mediated MyD88-
dependent signaling pathway and is specific for TLR2 and 
TLR4 [19].

Briefly, the mechanism of inflammation is an important 
mechanism affecting the development of insulin resistance 
and, thus, type 2 diabetes. TLR4 can affect the development 
of insulin resistance in type 2 diabetes through inflammatory 
regulators such as TNF-α, IL-1, IL-6, and MCP-1 with the 
MyD88-dependent pathway. Therefore, genetic variants in 
the TLR4 gene or in the IRAK and TIRAP genes that are 
members of the MyD88-dependent TLR4 pathway may have 
an important role in the development of type 2 diabetes and 
insulin resistance.

In this direction, (1) determining the relationship between 
TLR4 and IRAK1, TIRAP gene variants and type 2 diabetes 
and insulin resistance and (2) investigating how these vari-
ants affect inflammatory factors (TNF-α, IL-6, MCP-1, and 
IL-1β) were aimed.

Materials and methods

Patient selection

The 100 type 2 diabetic patients and 100 non-diabetic indi-
vidual that enrolled at the Department of Endocrinology, 
Eskisehir Osmangazi University, Medical Faculty in Turkey 
were included this study. The study was approved by the 
local ethical committee of Eskisehir Osmangazi Univer-
sity (Approval no: 2013/62) and informed consent forms 
signed all participants prior to study according to Helsinki 
Declaration.

The type 2 diabetic patients with insulin resistance 
group (T2DM IR+) consist of 75 individual, type 2 diabetic 
patients without insulin resistance group (T2DM IR−) con-
sist of 25 individual, insulin resistance patients without type 
2 diabetes group (IR+) consist of 22 individual, and control 
group consist of 78 individual.

The HbA1c, fasting glucose, triglyceride, LDL values, 
fundus examination, neuropathy, nephropathy, and albu-
minuria were considered for clinical diagnosis of type 2 
diabetes. Homeostatic model assessment insulin resistance 
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(HOMA-IR) scores higher than 2.7 were considered to 
be insulin resistant. All biochemical parameters were 
recorded from clinical file of patients.

Individuals under the age of 25 or older than 75 years, 
individuals with any chronic metabolic disease other than 
diabetes and insulin resistance syndrome, for control group, 

Fig. 1  Myd88-mediated TLR4 signaling pathway [15]
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and individuals with a history of diagnosis and/or treatment 
of type 2 diabetes themselves or their primary relatives were 
not included in the study.

DNA isolation and quantification

PureLinkTM Genomic DNA Mini Kit (Invitrogen Corpora-
tion, Carlsbad, California, USA) was used for DNA isola-
tion and all isolation steps were performed according to the 
kit protocol. The amount and purity of the DNA samples 
obtained by the DNA isolation kit were measured by Thermo 
Scientific  NanoDrop® 1000 (Thermo Fisher Scientific Inc., 
Wilmington, DE, USA) spectrophotometer.

Genotyping

In our study, a total of seven variations on the genes of TLR4 
(rs4986790, rs4986791), IRAK1 (rs1059703, rs3027898, 
rs7061789), and TIRAP (rs8177374, rs8177400) were geno-
typed by the MassARRAY ® Iplex GOLD SNP genotyping. 
The TLR4 rs4986790 and rs4986791 variation was con-
firmed by polymerase chain reaction–restriction fragment 
length polymorphism (PCR–RFLP) method also.

MassARRAY ® Iplex GOLD SNP genotyping

The TLR4, IRAK1, and TIRAP gene variants were ana-
lyzed by the Iplex GOLD SNP genotyping protocol using 
the Sequenom MassARRAY ® System (Sequenom Inc., San 
Diego, California, USA). The sequence design of amplifi-
cation and elongation primers for SNPs was performed in 
Sequenom Assay Designer software and primers obtained 
from the manufacturer (Metabion, Germany).

After multiplex PCR amplification, SAP (Shrimp Alka-
line Phosphatase) (Sequenom Inc.) reaction, primer elonga-
tion reaction (Iplex GOLD reaction), and resin purification, 
the reaction products in the PCR plate were transferred onto 
the SpectroCHIP with the MassARRAY ™ Nanodispenser 
RS1000.

PCR products transferred onto SpectroCHIP were placed 
on the MassARRAY analyzer conducted the matrix assisted 
laser desorption ionization time of flight (MALDI-TOF) 
mass spectrometer technique. The MassARRAY analyzer 
reported all genotype results based on the mass analysis.

PCR–RFLP verification of TLR4 rs4986790 
and rs4986791 variation

The PCR amplification reaction was prepared with DNA, 
PCR mix  (OneTaq® Quick-Load® 2X Master Mix with 
Standard Buffer, New England Biolabs, Ipswich, MA, USA), 
forward–reverse primers (Alpha DNA, Montreal, Canada), 
and ddH2O. The reaction was carried out in the Bio-Rad 

Thermal Cycler (T100 ™, Foster City, CA, USA) according 
to the master mix protocol.

Primer sequences for the TLR4 rs4986790; F: 5′-AGC 
ATA CTT AGA CTA CTA CCT CCATG-3′ and R: 5′-GAG 
AGA TTT GAG TTT CAA TGT GGG -3′, for rs4986791; F: 
5′-GGT TGC TGT TCT CAA AGT GAT TTT GGG AGA A-3′ 
and R: 5′-GGA AAT CCA GAT GTT CTA GTT GTT CTA 
AGCC-3′.

The PCR products digested with 1U of NcoI (New Eng-
land Biolabs, Inc., Beverly, USA) for rs4986790 and 1U 
of HinfI (New England Biolabs, Inc., Beverly, USA) with 
incubation at 37 °C for 1 h.

The digested PCR products were electrophoresed in 2% 
agarose gel containing RedSafe ™ nucleic acid dye (Intron 
Biotechnology Inc., Seoul, Korea) and evaluated with Gene-
Genius Gel Light Imaging System (Syngene, Cambridge, 
UK).

ELISA assay

The serum IL1-β, IL6, MCP-1, and TNF-α levels were 
measured using enzyme-linked immunosorbent assay kits 
(Elabscience Biotechnology Co., Ltd., Wuhan, China) and 
Sandwich-ELISA method by MultiskanGO UV/VIS micro-
plate spectrophotometer (Thermo Scientific, MA, USA).

Statistical analysis

The Shapiro–Wilk test was used to investigate the consist-
ency of continuous data (duration, year, etc.) to normal dis-
tribution. The comparison of continuous variables with nor-
mal distribution was performed by Kruskal–Wallis analysis.

Chi-square analysis (Pearson and exact Chi-square) were 
used for the comparison of categorical variables such as the 
distribution of genotypes and alleles. In the pairwise com-
parison of genotypes according to the groups, two ratio tests 
(Fisher’s exact test) were used. Odds ratios were calculated 
by univariate and multivariate logistic regression analyses.

Statistical analyses were performed with IBM SPSS 
Statistics 21 package program. Tests for deviation from 
Hardy–Weinberg equilibrium (HWE), and differences in 
dominant, recessive, homozygous and heterozygous genetic 
models were also performed using the FINNETI program 
(https ://ihg.gsf.de/cgi-bin/hw/hwa1.pl). The p value less 
than 0.05 was considered significant.

Results

Demographic and biochemical findings

The demographic characteristics of non-diabetic and T2DM 
individuals were evaluated and their statistical evaluations 

https://ihg.gsf.de/cgi-bin/hw/hwa1.pl
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are presented in Table 1. Age, weight, and body mass index 
(BMI) averages were found to be different in non-diabetic 
and T2DM subjects at p < 0.001 and height at p = 0.002. 
There was no statistically significant difference between 
male and female gender distribution in control and T2DM 
subjects (p > 0.05).

When non-diabetic and T2DM individuals and IR(+) 
and IR(−) subgroups were compared in terms of glucose, 
insulin, HbA1C, triglyceride, LDL, and creatinine levels; 
glucose, insulin, HbA1C, and triglyceride levels were found 
to be significant (p < 0.001). The multiple comparisons of 
glucose, insulin, HbA1C, triglyceride, LDL, and creatinine 
levels were also evaluated, and their statistical evaluations 
are presented in Table 2.

Genotype findings

The genotype distributions of TLR4, IRAK1, and TIRAP 
are represented in Table  3. The TLR4 rs4986790 and 

rs4986791 variations showed similar genetic distribution 
both of non-diabetic and type 2 diabetic individual. There 
was no statistically significant association for these vari-
ants in IR subgroups either (p < 0.05). TLR4 rs4986790 
and rs4986791 genotype frequencies were in Hardy–Wein-
berg equilibrium.

When IRAK1 rs1059703, rs3027898, and rs3027898 
genotypes were compared, we did not find any correla-
tion among these variants in non-diabetic, type 2 diabetic 
group, and IR subgroups (p < 0.05). IRAK1 rs1059703, 
rs3027898, and rs3027898 genotypes were deviate from 
Hardy–Weinberg equilibrium, contrary to expectations.

Similarly, TIRAP rs8177374 and rs8177400 geno-
types were not significant in all groups (p < 0.05). The 
rs8177374 and rs8177400 genotype frequencies were in 
Hardy–Weinberg equilibrium.

Table 1  Demographic data of the study population

Demographic features Non-diabetic (mean ± SD) Type 2 diabetic (mean ± SD) p

IR+ (n = 22) IR− (n = 78) IR+ (n = 75) IR− (n = 25)

Age 50.36 ± 7.09 46.43 ± 8.26 57.60 ± 9.22 60.04 ± 7.72 < 0.001

Weight 76.31 ± 9.73 71.44 ± 8.30 87.38 ± 15.06 73.72 ± 14.04 < 0.001

Height 167.50 ± 7.38 167.48 ± 7.87 162.57 ± 9.11 164.16 ± 8.60 0.002

BMİ 27.24 ± 3.51 25.47 ± 2.57 33.11 ± 5.29 27.27 ± 4.34 < 0.001

Sex n % n % n % n % p

Female 11 50.0 40 51.3 39 52.0 14 56.0 0.976

Male 11 50.0 38 48.7 36 48.0 11 44.0

Table 2  Biochemical features of the cases and controls

Group Non-diabetic (mean ± SD) Type 2 diabetic (mean ± SD) p Multiple comparison

1
IR+ (n = 22)

2
IR− (n = 78)

3
IR+ (n = 75)

4
IR− (n = 25)

Glucose (mg/dl) 108.22 ± 40.62 92.48 ± 28.14 164.96 ± 52.81 139.84 ± 51.18 < 0.001 1–3: p < 0.001
2–3: p < 0.001
2–4: p < 0.001

Insulin (U/l) 17.54 ± 5.76 7.01 ± 3.22 17.77 ± 11.38 7.31 ± 5.62 < 0.001 1–2: p < 0.001
1–4: p < 0.001
2–3: p < 0.001
3–4: p < 0.001

HbA1C (mg/dl) 5.65 ± 1.20 5.18 ± 0.31 7.91 ± 1.85 7.24 ± 1.99 < 0.001 1–3: p < 0.001
1–4: p = 0.001
2–3: p < 0.001
2–4: p < 0.001

Triglyceride (mg/dl) 152.09 ± 101.58 120.03 ± 50.60 183.85 ± 94.30 159.72 ± 66.94 < 0.001 2–3: p < 0.001
2–4: p = 0.042

LDL (mg/dl) 128.59 ± 34.14 133.41 ± 44.83 128.74 ± 31.44 139.20 ± 22.81 0.338 NA

Creatinine (mg/dl) 0.96 ± 0.52 0.85 ± 0.23 0.90 ± 0.29 0.85 ± 0.20 0.749 NA
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Serum IL1‑β, IL6, MCP‑1, and TNF‑α levels

When the IL1-β, IL6, MCP-1, and TNF-α levels of non-
diabetic and T2DM individuals were compared, the levels of 
IL1-β, IL6, MCP-1, and TNF-α were significantly different 
in IR subgroups (p < 0.001 and p = 0.004).

In the multiple comparison, T2DM subgroups showed 
increased IL1-β levels compared to non-diabetic IR(+) 
group (p = 0.018 and p < 0.001) and compared to non-dia-
betic IR(−) group (p = 0.015 and p < 0.001).

The IL6 level was significantly decreased in the T2DM 
subgroups compared to the non-diabetic IR(−) group 
(p < 0.001).

MCP-1 levels were significantly decreased in non-dia-
betic subgroups compared to T2DM subgroups (p < 0.001).

When TNF-α levels of non-diabetic IR(−) group were 
compared to T2DM subgroups, TNF-α levels of IR(+) and 
IR(−) group were found to be increased (p = 0.041 and 
p = 0.031, respectively) (Table 4).

Evaluation of IL1‑β, IL6, MCP‑1, and TNF‑α levels 
according to genotypes

TLR4 gene rs4986790 variant

When the levels of IL1-β, IL6, MCP-1, and TNF-α were 
compared with genotypes of the TLR4 gene rs4986790 vari-
ant, no significant difference was found between the levels 
of IL1-β, MCP-1, and TNF-α with genotypes (p > 0.05) 
(Table 5).

The levels of IL6 were significantly higher in individuals 
with AA genotypes compared to AG genotypes (p = 0.005) 
(Table 5).

TLR4 gene rs4986791 variant

When genotypes of the TLR4 gene rs4986791 were com-
pared with IL1-β, IL6, MCP-1, and TNF-α levels, no 

Table 3  Genotype distributions of TLR4, IRAK1, and TIRAP in study population

Gene Variation Genotype Non-diabetic Type 2 DM Statistic Non-diabetic Type 2 DM Statistic

IR (+) IR (−) IR (+) IR (−)

TLR4 rs4986790 AA 22 (%100.0) 74 (%94.9) 73 (%97.3) 23 (% 92.0) p = 0.543 96 (%96) 96 (%96) p = 1.000

AG 0 (%0.0) 4 (%5.1) 2 (%2.7) 2 (%8.0) 4 (%4) 4 (%4)

GG 0 (%0.0) 0 (%0.0) 0 (%0.0) 0 (%0.0) 0 (%0.0) 0 (%0.0)

Total 22 (%100) 78 (%100) 75 (%100) 25 (%100) 100 (%100) 100 (%100)

rs4986791 CC 22 (%100.0) 74 (%94.9) 72 (%96.0) 23 (%92.0) p = 0.644 96 (%96) 95 (%95) p = 1.000

CT 0 (% 0.0) 4 (%5.1) 3 (%4.0) 2 (%8.0) 4 (%4) 5 (%5)

TT 0 (% 0.0) 0 (% 0.0) 0 (% 0.0) 0 (% 0.0) 0 (%0.0) 0 (%0.0)

Total 22 (%100) 78 (%100) 75 (%100) 25 (%100) 100 (%100) 100 (%100)

IRAK1 rs1059703 CC 2 (%9.1) 13 (%16.7) 13 (%17.3) 6 (%24.0) p = 0.469 15 (%15) 19 (%19) p = 0.150

CT 3 (%13.6) 13 (%16.7) 20 (%26.7) 5 (%20.0) 16 (%16) 25 (%25)

TT 17 (%77.3) 52 (%66.7) 42 (% 56.0) 14 (% 56.0) 69 (%69) 56 (%56)

Total 22 (%100) 78 (%100) 75 (%100) 25 (%100) 100 (%100) 100 (%100)

rs3027898 AA 16 (%72.7) 50 (%64.1) 41 (%54.7) 14 (%56.0) p = 0.544 66 (%66) 55 (%55) p = 0.270

CA 3 (%13.6) 14 (%17.9) 20 (%26.7) 4 (%16.0) 17 (%17) 24 (%24)

CC 3 (%13.6) 14 (%17.9) 14 (%18.7) 7 (%28.0) 17 (%17) 21 (%21)

Total 22 (%100) 78 (%100) 75 (%100) 25 (%100) 100 (%100) 100 (%100)

rs7061789 AA 16 (%72.7) 50 (%64.1) 41 (%54.7) 14 (%56.0) p = 0.686 66 (%66) 55 (%55) p = 0.251

GA 3 (%13.6) 14 (%17.9) 20 (% 26.7) 5 (%20.0) 17 (%17) 25 (%25)

GG 3 (%13.6) 14 (%17.9) 14 (%18.7) 6 (%24.0) 17 (%17) 20 (%20)

Total 22 (%100) 78 (%100) 75 (%100) 25 (%100) 100 (%100) 100 (%100)

TIRAP rs8177374 CC 18 (%81.8) 61 (%78.2) 61 (%81.3) 23 (%92.0) p = 0.268 79 (%79) 84 (%84) p = 0.162

CT 4 (%18.2) 17 (%21.8) 13 (%17.3) 1 (%4.0) 21 (%21) 14 (%14)

TT 0 (% 0.0) 0 (% 0.0) 1 (%1.3) 1 (%4.0) 0 (%0.0) 2 (%2)

Total 22 (%100) 78 (%100) 75 (%100) 25 (%100) 100 (%100) 100 (%100)

rs8177400 GG 22 (%100.0) 76 (%97.4) 73 (%97.3) 24 (%96.0) p = 0.883 98 (%98) 97 (%97) p = 1.000

GA 0 (% 0.0) 2 (%2.6) 1 (%1.3) 1 (%4.0) 2 (%2) 2 (%2)

AA 0 (% 0.0) 0 (% 0.0) 1 (%1.3) 0 (% 0.0) 0 (%0.0) 1 (%1)

Total 22 (%100) 78 (%100) 75 (%100) 25 (%100) 100 (%100) 100 (%100)
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significant difference was found between genotypes and 
MCP-1 and TNF-α levels (p > 0.05).

When IL1-β levels were compared, IL1-β levels were 
found to be significantly higher in individuals with CC 
genotype than in individuals with CT genotype (p = 0.020).

Significantly higher IL6 levels were determined in indi-
viduals with CC genotype compared to individuals with 
CT genotypes when IL6 levels were compared (p = 0.003) 
(Table 5).

IRAK1 gene rs1059703 variants

When the levels of IL1-β, IL6, MCP-1, and TNF-α 
were compared with the genotypes of the IRAK1 gene 

rs1059703 variant, no significant difference was found 
between the genotypes and serum IL1-β and IL6 levels 
(p > 0.05).

MCP-1 levels were significantly different in TT, CT, 
and CC genotypes (p = 0.022), whereas individuals with 
TT genotypes had significantly lower MCP-1 levels com-
pared to CT genotypes (p = 0.018).

TNF-α levels were found significantly different in geno-
type comparison (p = 0.014), whereas individuals with CT 
genotypes had significantly higher levels of TNF-α than 
CC genotypes (p = 0.013) (Table 6).

Table 4  Serum IL1β, IL6, MCP1, and TNFα levels of study population

Group Non-diabetic (mean ± SD) Type 2 DM (mean ± SD) p Multiple comparison

(1) IR+ (n = 22) (2) IR− (n = 78) (3) IR+ (n = 75) (4) IR− (n = 25)

IL1-β (pg/ml) 110.54 ± 44.00 106.57 ± 63.87 75.31 ± 48.50 46.28 ± 22.97 < 0.001 1–3: p = 0.018
1–4: p < 0.001
2–3: p = 0.015
2–4: p < 0.001

IL6 (pg/ml) 79.14 ± 49.69 106.95 ± 67.46 54.02 ± 21.16 48.07 ± 18.42 < 0.001 2–3: p < 0.001
2–4: p < 0.001

MCP-1 (pg/ml) 14.82 ± 3.85 15.57 ± 5.46 32.92 ± 23.69 26.25 ± 8.16 < 0.001 1–3: p < 0.001
1–4: p < 0.001
2–3: p < 0.001
2–4: p < 0.001

TNF-α (pg/ml) 109.16 ± 47.25 110.71 ± 57.25 94.77 ± 81.40 80.93 ± 71.87 0.004 2–3: p = 0.041
2–4: p = 0.031

Table 5  The comparison of TLR4 genotypes and IL1β, IL6, MCP1, and TNFα levels

TLR4 gene variations

Group rs4986790 rs4986791

Genotype n M ± SD p Genotype n M ± SD p

IL1-β AA 192 89.08 ± 56.48 0.057 CC 191 89.44 ± 56.41 b*
0.020AG 8 55.59 ± 49.72 CT 9 51.85 ± 47.85

GG 0 – TT 0 –

IL6 AA 192 78.25 ± 54.24 a*
0.005

CC 191 78.46 ± 54.30 c*
0.003AG 8 39.09 ± 7.78 CT 9 39.04 ± 7.28

GG 0 – TT 0 –

MCP-1 AA 192 23.44 ± 17.44 0.852 CC 191 23.47 ± 17.48 0.906

AG 8 20.58 ± 11.84 CT 9 20.23 ± 11.13

GG 0 – TT 0 –

TNF-α AA 192 102.65 ± 69.29 0.176 CC 191 102.96 ± 69.33 0.129

AG 8 57.36 ± 19.66 CT 9 55.83 ± 18.96

GG 0 – TT 0 –

Multiple 
comparison

IL6 a* AA-AG: p = 0.005 IL1-β b* CC-CT: p = 0.020

IL6 c* CC-CT: p = 0.003
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IRAK1 gene rs3027898 variant

When the levels of IL1-β, IL6, MCP-1, and TNF-α were 
compared with the genotypes of the IRAK1 gene rs3027898 
variant, no difference was found between genotypes and 
IL1-β and MCP-1 levels (p > 0.05).

There was a significant difference in IL6 levels and geno-
types (p = 0.017) by multiple comparisons, and significantly 
lower levels of IL6 were determined in individuals with 
CC genotype compared to individuals with CA genotype 
(p = 0.014).

TNF-α levels were significantly different between 
rs3027898 genotypes (p = 0.006), and significantly lower 
levels of TNF-α were determined in subjects with CC geno-
types compared to individuals with CA genotype (p = 0.004) 
(Table 6).

IRAK1 gene rs7061789 variant

When the levels of IL1-β, IL6, MCP-1, and TNF-α were 
compared with the genotypes of the IRAK1 gene rs7061789 
variant, no difference was found between the genotypes and 
IL1-β levels (p > 0.05).

There was a significant difference between IL6 levels and 
rs7061789 genotypes (p = 0.028), whereas the levels of IL6 
were significantly lower in individuals with GG genotype 
compared to GA genotype (p = 0.025).

MCP-1 levels were significantly different compared to 
genotypes (p = 0.041), and individuals with AA genotypes 
had significantly lower MCP-1 levels than those with GA 
genotype (p = 0.036).

When TNF-α levels were compared, there was a signifi-
cant difference in AA, GA, and GG genotypes (p = 0.014), 
significantly lower levels of TNF-α were determined in sub-
jects with GG genotype compared to individuals with GA 
genotype (p = 0.011) (Table 6).

TIRAP gene rs8177374 variant

When the genotypes of TIRAP gene rs8177374 were com-
pared with IL1-β, IL6, MCP-1, and TNF-α levels, no sig-
nificant difference was found between genotypes and IL1-β 
and MCP-1 levels (p > 0.05).

There was a significant difference in CC, CT and TT 
genotypes when IL6 levels were compared (p = 0.001), and 
significantly lower IL6 levels were determined in individu-
als with CC genotypes compared to individuals with CT 
genotype (p = 0.001).

When TNF-α levels were compared, there was a signifi-
cant difference in CC, CT, and TT genotypes (p = 0.020), 
whereas significantly lower levels of TNF-α were deter-
mined in individuals with CC genotype compared to indi-
viduals with CT genotype (p = 0.030) (Table 7).

TIRAP gene rs8177400 variant

When genotypes of TIRAP gene rs8177400 were compared 
with IL1-β, IL6, MCP-1, and TNF-α levels, no significant 
difference was found between genotypes and IL1-β, IL6, 
MCP-1, and TNF-α levels (p > 0.05) (Table 7).

Table 7  The comparison of TIRAP genotypes and IL1β, IL6, MCP1, and TNFα levels

TIRAP gene variations

Group rs8177374 rs8177400

Genotype n M ± SD p Genotype n M ± SD p

IL1-β CC 163 85.73 ± 57.20 0.380 GG 195 87.71 ± 55.02 0.253

CT 35 96.21 ± 53.67 GA 4 84.30 ± 125.80

TT 2 103.70 ± 59.11 AA 1 107.25

IL6 CC 163 72.41 ± 53.48 a*
0.001

GG 195 77.22 ± 53.98 0.235

CT 35 97.76 ± 51.57 GA 4 57.01 ± 46.22

TT 2 56.42 ± 30.70 AA 1 49.93

MCP-1 CC 163 22.73 ± 15.70 0.152 GG 195 23.25 ± 17.29 0.330

CT 35 24.16 ± 20.89 GA 4 19.66 ± 6.69

TT 2 57.05 ± 44.67 AA 1 53.52

TNF-α CC 163 95.91 ± 65.80 b*
0.020

GG 195 100.92 ± 68.06 0.121

CT 35 127.83 ± 75.64 GA 4 68.28 ± 80.33

TT 2 30.46 ± 1.73 AA 1 214.85

Multiple com-
parison

IL6 a* CC-CT: p = 0.001

TNF-α b* CC-CT: p = 0.030
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Discussion

Type 2 diabetes is a complex and chronic disease caused 
by a combination of insulin secretion and insulin resist-
ance from pancreatic beta cells. According to the hypoth-
esis of meta-inflammation (metabolically induced inflam-
mation), preclinical chronic low-grade inflammation due 
to changes in the immune response, which is the first line 
of defense against viruses, bacteria and fungi, is similarly 
occurring in the case of type 2 diabetes and insulin resist-
ance [20].

At this point, the natural immune response against many 
pathogens provided with the transmembrane protein family 
named Toll-like receptors. Inflammation disrupts insulin 
sensitivity by activation of the Toll-like receptor family, 
particularly TLR4. Therefore, polymorphisms in gene-
encoding proteins in the natural immune system, such as 
Toll-like receptors, may affect the immune response and 
T2DM development [5, 6]. Activation of TLR4 with LPS 
results in NF- κB activation, and thus, the expression of 
inflammatory regulatory genes such as TNF-α, IL-1, IL-6, 
and MCP-1. Activation of the proinflammatory pathway 
also results in insulin resistance and type 2 diabetes.

Our study was planned to investigate the TLR4 and 
TLR4 inflammation pathways, which are closely related to 
type 2 diabetes and insulin resistance, and that a functional 
polymorphism that could occur in any of the members of 
the pathway would impair the functioning of the pathway 
and cause damage in the mechanism of inflammation.

In our study, TLR4 (rs4986790, rs4986791), IRAK1 
(rs1059703, rs3027898, rs7061789), and TIRAP 
(rs8177374, rs8177400) genes on a total of 7 with SNP 
variation, and serum levels of TNF-α, IL-6, MCP-1, and 
IL-1β were investigated. The results of our findings are 
discussed below.

Gene variants

IRAK1 gene rs1059703, rs3027898, and rs7061789 variants

IRAK 1 gene is 8.4 kbp long and is located in the pseudo-
autosomal (PAR2) region of the X chromosome (Xq28) 
[21].

Lakoski et al. reported that the haplotypes of the IRAK1 
variants rs3027898 and rs7061789 were associated with 
C-reactive protein levels [21].

Yoshida et al. found that IRAK1Ser532Leu (rs1059703) 
polymorphism was associated with chronic kidney disease 
in type 2 diabetic patients [22].

Similarly, the polymorphisms identified in the IRAK1 
gene indicated that the T allele in 1595 C/T (rs1059703) 

had a protective effect against chronic kidney disease in 
type 2 diabetes and had vascular inflammation-relieving 
effect. In addition, the C allele at rs1059703 and rs3027898 
has been reported to be associated with increased NF-kB 
activation [23].

Although there is no study investigating the association of 
IRAK1 gene rs1059703, rs3027898, and rs7061789 variants 
with diabetes risk, our study was not associated with these 
variants and type 2 diabetes.

TLR4 gene rs4986790 and rs4986791 variants

The TLR4 gene consists of 3 exons and is localized to chro-
mosome 9q32–33. In the exon 3 of the human TLR4 gene, 
two single-nucleotide polymorphisms (SNPs) have been 
widely described. These are 896 A/G (rs4986790) and 1196 
C/T (rs4986791) and including amino acid modification at 
position 299 and 399, respectively [16].

These two polymorphisms in the TLR4 gene have been 
reported to be responsible for the reduction of response to 
LPS. Their association with T2DM and IR+ has been inves-
tigated in some genetic studies, but the disease is not fully 
associated with TLR4 variations. Unlike these studies, some 
studies show that TLR4 rs4986790 and rs4986791 polymor-
phisms are associated with T2DM [20].

Kolz et al. reported that minor alleles in TLR4 variants 
were not directly related to type 2 diabetes, but increased 
the risk of type 2 diabetes with high cholesterol levels [24].

Bagarolli et  al. reported that TLR4 Asp299Gly and 
Thr399Ile variants had an effect on the development of type 
2 diabetes and similar results were obtained in some chronic 
diseases such as coronary artery disease [25].

In another study conducted in patients with diabetic retin-
opathy, Asp299Gly and Thr399Ile variants of the TLR 4 
gene also showed heterozygous distribution in patients with 
diabetic retinopathy [16].

Mesci et  al. found no association between TLR4 
Asp299Gly and Thr399Ile and type 2 diabetes in the Turk-
ish population [26].

Similarly, we found no association between the TLR4 
gene rs4986790 and rs4986791 variants with type 2 diabetes 
and insulin resistance.

TIRAP gene rs8177374 and rs8177400 variants

TIRAP gene is 14,500 bp long, localized at chromosome 
11 (11q24.2) and encodes 25 kDa proteins containing 221 
amino acids. Three different polymorphic regions were 
widely studied for the TIRAP gene. These are C558T 
(rs7932766), C539T (rs8177374), and G286A (rs8177400) 
[27].

It was reported that the 11631G/A (rs8177400) variant 
caused loss of function of the TIRAP/MAL protein as a 
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result of which the Mal-MyD88 interaction was impaired 
or the Mal-MyD88 complex was transported to the plasma 
membrane and NF-kB activation and IL-6, IL-8, and TNF 
has been reported to be necessary for production [23].

Liu et al. found a link between TIRAP C539T polymor-
phism and low risk of tuberculosis infection, and showed 
that this polymorphism was protective against tuberculosis 
[27].

In another study, the association of TIRAP rs8177400 
variant with lymphoma risk was investigated, and no cor-
relation was found between this variant and lymphoma risk 
[28].

There is no study investigating the relationship between 
TIRAP gene rs8177374 and rs8177400 variants with diabe-
tes risk and, no correlation was found between these variants 
and the risk of type 2 diabetes in our study.

Inflammatory factors

Most of the proinflammatory adipokines such as IL-1β, IL-6, 
IL-8, TNF-α, and MCP-1 are expressed by white adipose tis-
sue. Activation of TLR4 with long-chain fatty acids and LPS 
activates MyD88-dependent pathway, resulting in NF-kB 
activation and, thus, expression of inflammatory regulatory 
genes such as TNF-α, IL-1, IL-6, and MCP-1 [11].

In our study, IL1-β, IL6, MCP-1, and TNF-α levels were 
measured in IR+/IR− subgroups of non-diabetic and T2DM 
subjects, and there was a significant difference between IL1-
β, IL6, MCP-1, and TNF-α levels. In this section, the find-
ings of non-diabetic and T2DM individuals on inflammatory 
mediator levels will be discussed.

IL1‑β levels

IL-1β is an important inflammatory regulator and plays an 
important role in the pathophysiology of many diseases such 
as type 1 diabetes, type 2 diabetes, and metabolic syndrome 
[29].

IL-1α and IL-1β are among the first identified cytokines 
and have strong proinflammatory functions. Interleukin-
deficient mice have lower fasting glucose and insulin levels 
and higher insulin sensitivity. IL-1β and IL-6 measurements 
are necessary for effective T2DM diagnosis. IL-1β is also 
associated with insulin receptor substrate-1 expression [8].

Persaud et al. reported that IL1-β levels increased in 
mouse β-cells due to hyperglycemia similar to COX-2 lev-
els and IL1-β levels were associated with β-cell dysfunction 
[30].

In a study by Maedler et al., they reported that there was 
no IL1-β-producing β-cell structure in pancreatic sections of 
non-diabetic individuals in vivo, which is present in T2DM 
patients [31].

Similarly, in our study, IL1-β levels were increased in 
T2DM IR+ and IR− group compared to non-diabetic IR+/
IR− group. Consistent with the literature, high levels of 
IL1-β in T2DM individuals are thought to be associated 
with hyperglycemia.

IL6 levels

IL6 is a protein of about 26 kDa which is one of the first 
cytokines associated with IR. IL6 is synthesized from mono-
nuclear phagocytes, vascular endothelial cells, fibroblasts, 
and some activated T cells with epithelial cells. IL6 and 
TNF-α have been found to act on insulin resistance and type 
2 diabetes by competing with insulin signaling pathways. In 
patients, the IL6 concentration decreases parallel to weight 
loss and IR development. The production of IL6 in the 
abdominal tissue is at least threefold higher than the subcu-
taneous adipose tissue and, thus, contributing partly to the 
hepatic IR. IL6 increases fat oxidation in humans in vivo [8].

Pickup et al. reported increased levels of IL6 in patients 
with T2DM and features of insulin resistance syndrome [32].

Similarly, Kern et al. found that IL6 levels were high in 
individuals with low insulin sensitivity and were associated 
with unesterified fatty acids [33].

Carey et al. reported in their study in 2004 that IL6 levels 
did not increase in T2DM patients and IL6 levels were asso-
ciated with fat mass and insulin insensitivity [34].

In contrast to these studies, IL6 levels were significantly 
lower in T2DM subgroups compared to non-diabetic IR-
group. Similar levels of triglyceride in the same groups 
were also different, and IL6 was associated with fatty acids, 
suggesting that unexpected levels of IL6 may be related to 
triglyceride levels.

Similarly, Khovidhunkit et al. reported that IL-6 reduced 
total cholesterol and triglyceride levels within 24 h of admin-
istration to healthy volunteers. Although the mechanism of 
this effect is not known exactly, IL-6 has been shown to 
increase hepatic fatty acid synthesis and lipolysis in adipose 
tissue and to decrease cholesterol secretion despite increas-
ing cholesterol synthesis [35].

In contrast to these studies, IL6 levels were significantly 
lower in T2DM subgroups compared to non-diabetic IR-
group. Similar levels of triglyceride in the same groups 
were also different, and IL6 was associated with fatty acids, 
suggesting that unexpected levels of IL6 may be related to 
triglyceride levels.

Already, Khovidhunkit et al. reported that administration 
of IL-6 to healthy volunteers reduced total cholesterol and 
triglyceride levels within 24 h. Although the mechanism of 
this effect is not known exactly, IL-6 has been shown to 
increase hepatic fatty acid synthesis and lipolysis in adi-
pose tissue and to decrease cholesterol secretion despite 
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increasing cholesterol synthesis [35]. Our findings are con-
sistent with these data.

MCP‑1 levels

Monocyte chemoattractant protein (MCP)-1 is a member of 
the chemokine receptor family and is secreted by vascular 
endothelial cells and macrophages in atherosclerotic lesions. 
MCP-1 has been reported to play a direct role in the develop-
ment of insulin resistance in adipose tissue by reducing insu-
lin receptor tyrosine phosphorylation [36]. Recent studies 
have reported that MCP-1 plays an important role in obesity, 
diabetes, cardiovascular disease, diabetic nephropathy, and 
retinopathy [37].

Sartipy et al. reported that MCP-1 is a protein responsible 
for insulin activity, that increased levels of MCP-1 induce 
de-differentiation (return to the undifferentiated state of 
cells) in adipocytes and, thus, contribute to pathologies such 
as obesity and hyperinsulinemia including T2DM [38].

Similarly, circulating MCP-1 levels were found to be 
associated with the risk of T2DM [37], and MCP-1 levels in 
T2DM have been reported to be higher compared to control 
in both rodent model and patients [39]. Therefore, the high 
MCP-1 levels in T2DM patients in our study were consistent 
with the literature.

TNF‑α levels

Some mediators, which are proinflammatory cytokines 
released from various cells such as immune cells (mono-
cytes, adipocytes, etc.) have been associated with IR devel-
opment. One of them, TNF-α, has an increased level of 
blood in patients with insulin resistance and obesity, and 
this increase is associated with an increase in CRP and IL-6. 
The main effect of TNF-α is the formation of a post-receptor 
defect at the insulin receptor [40, 41].

In a study investigating the relationship between obesity 
and TNF-α, inflammation and adipocytes in obese animals 
have been shown that increase of TNF-α expression can alter 
insulin regulation [8].

Uysal et al. reported that insulin sensitivity increased 
in TNF-α or TNF-α receptor knockout mice. It has been 
reported that, in cells exposed to TNF-α and high free fatty 
acids at the molecular level, serine residues stimulated inhib-
itor phosphorylation [42].

TNF-α and IL-6 have been reported to have a competi-
tive effect with insulin signaling pathways and cause insulin 
resistance in patients with type 2 diabetes. There are studies 
showing that TNF-α is also associated with insulin resist-
ance in pregnancy [8, 43].

Dandona et al. showed that TNF-α increased in preg-
nant women with gestational diabetes and this increase was 
associated with oxidative stress and inflammatory changes 

caused by hyperglycemia. It is thought that TNF-α elevates 
intracellular receptor autophosphorylation and IRS phospho-
rylation, causing post-receptor defects and, thus, prevents 
insulin from acting on target tissue [8, 43].

It has been thought that TNF-α and IL-6 cause diabe-
tes over insulin resistance, and additionally end products 
of nonenzymatic glycosylation in diabetes stimulate these 
cytokines by binding to macrophages. Therefore, it is not 
yet clear whether diabetes triggers inflammation or causes 
inflammation or diabetes [44].

In our study, TNF-α levels were decreased in T2DM IR+ 
and IR− group compared to non-diabetic IR-group. This 
effect, other than the expected, may be associated with IL6 
levels. Because TNF-α and IL-6 levels are interrelated, tri-
glyceride levels or cytokines may affect each other’s levels.

The relationship of IL1‑β, IL6, MCP‑1, and TNF‑α 
levels with gene variants

Although the effect of genotyping results on IL1-β, IL6, 
MCP-1, and TNF-α levels will be discussed in this chap-
ter, there is no study in the literature that evaluates these 
protein levels with the gene variants that we investigated 
except TLR4. Therefore, the interpretation of the meaning-
ful results obtained from our findings will be discussed in 
this section.

IRAK1 genotypes and IL6, MCP‑1, and TNF‑α levels

Within the scope of our study, the genotyped IRAK1 gene 
was remarkable between the genotype distribution of the 
rs1059703, rs3027898, and rs7061789 variants, and espe-
cially the TNF-α levels. For these three variants of the 
IRAK1 gene, individuals with the heterozygous genotype 
were found to have increased levels of TNF-α. Similarly, lev-
els of MCP-1 were significantly increased for rs3027898 and 
rs7061789, whereas IL6 levels were significantly increased 
for heterozygote genotypes. These results showed that the 
IRAK1 gene was associated with IL6, MCP-1, and TNF-α 
levels.

TLR4 genotypes and IL‑1β, IL6 levels

When the levels of IL-1β and IL6 were compared with the 
TLR4 gene rs4986790 and rs4986791 variants, there were 
relationship between IL6 levels and rs4986790 variant, and 
IL6 and IL-1β levels with rs4986791 variant.

Gurung et al. found that TLR4 and IL-1β levels were 
closely related and TLR4 knockout macrophages did not 
develop IL-1β response after infection [45].

Böttcher et al. reported that TLR4 variants were associ-
ated with LPS-induced IL12 levels and that rs4986790 was 
associated with decreased IL12 levels [46].
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In our study, IL6 levels for both variants were higher in 
individuals with ancestral genotype. For both variants, a 
mutant individual was not identified, but low IL6 levels in 
heterozygous individuals showed that mutant alleles could 
affect IL6 levels. The level of IL-1β for rs4986791 variant 
was found to be high in the ancestral genotype and low in the 
heterozygote genotype in a similar to IL6. For this variation, 
it can be thought that the mutant allele can be effective in 
decreasing the level of IL-1β.

TIRAP genotypes and IL6 and TNF‑α levels

When the protein levels of the TIRAP gene rs8177374 and 
rs8177400 variants were compared, it was found that there 
was a correlation between the genotypes of rs8177374 vari-
ant and IL6 and TNF-α levels.

Both proteins were significantly higher in the heterozy-
gous genotype for the TIRAP gene rs8177374 variant. 
These findings showed that the mutant allele affected IL6 
and TNF-α levels, and the TIRAP gene was associated with 
IL6 and TNF-α.

Conclusion

As a result of our study, a total of seven variants of TLR4, 
IRAK1, and TIRAP genes were genotyped, but no correla-
tion was found between these variants and the risk of type 2 
diabetes and insulin resistance. The important point of our 
study is that five of these seven variations were first time 
genotyped in our study in patients with type 2 diabetes and 
insulin resistance.

TNF-α, IL-6, MCP-1, and IL-1β levels were also associ-
ated with diabetes and insulin resistance. Although the gene 
variants were not significant in type 2 diabetes and insulin 
resistance groups, IRAK1, TLR4, and TIRAP gene variants 
were found to be associated with TNF-α, IL-6, MCP-1, and 
IL-1β levels.

Our study is the first study to link IRAK1, TLR4, and 
TIRAP variants with TNF-α, IL-6, MCP-1, and IL-1β levels 
according to current literature. These results are particularly 
important for TLR4 inflammation pathway.
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