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Abstract: Toll-like receptor 4 (TLR4) plays an important role in modulating innate immunity. Type 2 diabetes mellitus (T2DM) is a chronic disease that is cha-
racterized by impaired insulin resistance and abnormal immune response. Genetic background and consequently genetic factors might have a key role in both onset 
and progression of T2DM-related complications.  The aim of this work was to study the role of toll-like receptor 4 (TLR4) in the development of type 2 diabetes 
mellitus (T2DM). This study was carried out on 90 subjects, 30 type 2 diabetic patients, 30 patients with impaired glucose tolerance and 30 age and gender matched 
healthy controls. mRNA expression of (TLR4) was assessed by reverse transcriptase PCR (RT-PCR) using real time PCR.. Results showed significant statistical 
difference between the three studied groups  regarding BMI, serum FBG, HDL, TGs, TC, LDL, HOMA -IR and mRNA expression of TLR4 with highest level of 
TLR4 mRNA expression in T2DM patients. From this study, it might be concluded that high expression of (TLR4) is associated with T2DM.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic di-
sease, and its incidence is growing worldwide. Long-
term hyperglycemia is the fundamental factor that pro-
motes vascular lesions and dysfunction, leading to a 
variety of complications of DM (1). Type 2 DM, which 
accounts for 90–95% of those with diabetes, previously 
referred to as non-insulin-dependent diabetes, type 2 
diabetes, or adult-onset diabetes, represents individuals 
who have insulin resistance and usually have relative  
insulin deficiency (2).Although T2DM constitutes a ma-
jor emerging health problem worldwide and the clinical 
symptoms and pathophysiology of this disease are well 
understood, some aspects of molecular mechanisms un-
derlying the developing complications have remained 
unexplained yet (3). 

TLR4 is a key protein molecule involved in nonspe-
cific immunity and is also a bridge between nonspecific 
and specific immunity. TLR4 is a single trans membrane 
non catalytic protein that could be used to identify the 
molecules with conservative structure from microorga-
nisms (4). Toll-like receptor 4 is a protein that in humans 
is encoded by the TLR4 gene. TLR4 is a trans mem-
brane protein, member of the toll-like receptor family, 
which belongs to the pattern recognition receptor (PRR) 
family. Its activation leads to an intracellular signaling 
pathway NF-κB and inflammatory cytokine production 
which is responsible for activating the innate immune 
system (5). In the recent years, it has been also proposed 
that T2DM may be the consequence of the stimulation 
of Toll-like receptors (TLRs), a family of pattern-re-
cognition receptors able to detect microbial conserved 
components and trigger protective host responses, and 

implicated in mediating chronic inflammatory diseases, 
including obesity and diabetes (6). The activation of 
TLR4, one of the best known TLR member, expressed 
in several tissue cells, such as cells of the pancreatic is-
lets (i.e.,β -cells and resident macrophages), can induce 
both insulin resistance, pancreatic cell dysfunction, and 
alteration of glucose homeostasis (7). The TLR4 activa-
tion seems also to be exacerbated by the low-grade of 
circulating endotoxin (circulating lipopolysaccharide-
LPS) correlated with the altered gut microbiota, which 
characterizes subjects with metabolic diseases, such as 
T2DM (6). The aim of this work was to study the role of 
toll-like receptor 4 (TLR4) in the development of type 2 
diabetes mellitus (T2DM).

Materials and Methods

Subjects
This study was carried out in Medical Biochemistry 

and internal medicine Departments, Faculty of Medi-
cine, Menoufia   University. 90 subjects were enrol-
led in the study; they were 30 type 2 diabetic patients 
(males 21 and 9 females) with mean age of 50.57±6.51, 
30 patients with impaired glucose tolerance (18 males 
and 12 females) with mean age of 48.27±5.71 and 30 
age and gender matched healthy controls (19 males and 
11 females) with mean age of 50.77±7.20.

The study was approved by ethical committee of 
Faculty of Medicine, Menoufia University. A written 
informed consent was obtained from all subjects. The 
diagnosis was based on the American Diabetes Asso-
ciation (ADA) criteria (8). All subjects were subjected 
to complete history taking, physical examination. Inclu-
ding estimation of body mass index [BMI] was done by 
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dividing body weight in kilograms by (height in meter2) 
(9). Estimation of lipid profile; serum total cholesterol 
(TC), high density lipoprotein cholesterol (HDLc), tri-
glycerides (TG) and low density lipoprotein cholesterol 
(LDLc) were done. Glycated hemoglobin (HbA1c), fas-
ting and 2 hours post prandial blood glucose levels and 
fasting serum insulin was measured. Insulin resistance 
was assessed by homeostatic model assessment of insu-
lin resistance (HOMAIR) (10).Measurement of TLR4 
mRNA expression was performed using reverse trans-
criptase PCR (RT-PCR) using real time PCR. After 12 
hours overnight fasting, 9 ml of venous blood were wit-
hdrawn from each subject and divided into three tubes; 
4 ml of blood were transferred into two EDTA tubes: 
one ml was used for quantitative colorimetric determi-
nation of glycated hemoglobin as percent of total hemo-
globin using kits supplied by Teco diagnostics, USA 
(11), the other tube was used for RNA extraction and 
further molecular analysis. 

One ml of blood was transferred into sodium fluo-
ride tube and another sample of blood was collected af-
ter 2 hours for enzymatic colorimetric determination of 
blood glucose. Blood glucose was determined by enzy-
matic colorimetric test, using Spinreact kit, SPAIN (12). 

Four ml of blood was transferred into a plain tube 
and allowed to clot at 37°C, then centrifuged for 10 
minutes at 3000 r.p.m. The clear supernatant serum was 
separated from the clot and kept at -80°C until colori-
metric  determination of serum TC (13), HDLc (14), TG 
(15), LDLc (16) ,fasting serum insulin was determined 
by enzyme linked immunosorbent assay method using 
DRG® Insulin ELISA kit ,GERMANY (17 ). Esti-
mation of insulin resistance was done by homeostatic 
model assessment (HOMA) according to Matthews et 
al.,1985 (10). HOMA- IR = fasting glucose (mg/dl) x 
fasting insulin (μIU/mL) / constant (405).Determination 
of Reverse transcriptase PCR (RT-PCR):RNA was iso-
lated from peripheral blood leukocytes using QIAamp 
RNA Blood MiniKit (Qiagen, USA, 2013), then assu-
ring RNA concentration and purity by Nano drop. First 
step-PCR: Complementary DNA was synthesized using 
QuantiTect Reverse Transcription Kit (Qiagen,Applied 
Biosystems, USA, 2012),second step- PCR (real time 
PCR step): it was performed using QuantiTect SYBR 
Green PCR Kit with readymade quantiTect Primer As-
say, Qiagen.For measurement of TLR4 mRNA levels, 
The cDNA was used in SYBR green based quantitative 
real-time PCR for quantification of TLR4 gene expres-
sion by (SensiFAST TM SYBR Lo-ROX Kit from USA), 
using the following designed primers .Forward and 
reverse primers of human TLR4, 5- CAGAGTTTCC-
TGCAATGGATCA-3 and 5- GCT TATCTGAAGG-
TGTTGCACAT-3, respectively; forward and reverse 
primers for human glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) 5-CATGAGAAGTATGACAA-
CAGC-3 and 5- AGTCCTTCCACGATACCAAAG-3, 
respectively. Each reaction was performed in a final 
volume of 20 μL, containing 10 μL SYBR Green 2x 
QuantiTect PCR Master Mix, 3μL cDNA, 1 μL forward 
primer, 1 μL reverse primer and 5 μl RNase-free H2O. 
PCR was conducted under the following conditions: ini-
tial incubation at 50°C for 2 min, followed by 10 min 
denaturation at 95°C and 60 cycles at 95°C for 15 s, 
60°C for 1 min and 72°C for 40 s. Data analysis was 

done in Applied Biosystem 7500 software version 2.0.1. 
The relative quantification (RQ) of gene expression per-
formed using comparative ΔCt method (18) figure (1). 
TLR4 was normalized to the mRNA levels of housekee-
ping gene GAPDH. Melting curve was done to confirm 
specificity of the amplification and absence of primer 
dimers.

Statistical analysis
The data collected was tabulated and analyzed by 

SPSS version 20. Chi-square test is used to study the 
association between two qualitative variables. Kruskal 
Wallis Test was used for nonparametric data. Spearman’s 
correlation was used for skewed distributed quantitative 
variables. Odds ratio (OR) describes the probability 
that people who are exposed to a certain factor disease 
compared to people who are not exposed to the factor.  
Values less than 0.05 were considered significant.

Results

There was no significant statistical difference between 
studied groups regarding age and gender and There was 
a statistically significant difference between the three 
studied groups regarding; serum FBG,HBA1C, TC,TG 
,LDLc, HDLc , BMI ,2HPP, fasting Insulin, HOMA-IR 
and TLR4 mRNA expression (table 1 and table 2).

There were significant positive correlations between 
TLR4 mRNA expression and FBG, 2HPP, fasting Insu-
lin and HOMA-IR. While there was significant negative 
correlation between TLR4 mRNA expression and HDL 
within T2DM group (table 3 and figure 2).

There were significant positive correlations   between 
TLR4 mRNA expression and FBG, 2HPP, fasting Insu-
lin and HOMA-IR within IGT group (table 4 and fi-
gure3).

Multivariate logistic regression for risk of T2DM 
showed that the most common risk factor is TLR4 
mRNA expression OR; 9.568(3.080-25.991), followed 
by LDL OR; 0.852(0.789-0.919) (Table 5).

Multivariate logistic regression for risk of IGT 
showed that the most common risk factor is TLR4 
mRNA expression OR; 6.597(1.904-22.859), followed 

Figure 1. Amplification plot of TLR4 mRNA gene expression 
(normalized fluorescence signal (ΔRn) plotted versus cycle num-
ber).
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(19). Hyperglycemia has adverse effects on β cells, as 
the chronic elevation of blood glucose level has been 
shown to impair β cell function (glucotoxicity) (20). 
Subjects with IGT are now referred to as having “pre 
diabetes” indicating the relatively high risk for develop-
ment of diabetes in these patients (21). IGT is an in-
termediate category between normal glucose tolerance 
and overt diabetes. Individuals with IGT are defined 
as having 2hours post prandial plasma glucose values 
in the OGTT >140 mg/dl (>7.8 mmol/l) but <200 mg/

by age OR; 1.096(1.005-1.196) followed by family his-
tory OR; 0.091(0.022-0.378) (Table 6).

Discussion

Type2 diabetes mellitus is a multifactorial disorder 
characterized by chronic hyperglycemia, insulin resis-
tance and impaired insulin secretion. Type 2 diabetes 
mellitus (T2DM) is becoming a common worldwide 
disease with epidemic proportions in many populations 

Studied variable Control Group 
(No.=30)

T2DM Group
( No.=30)

 IGT Group 
(No.=30) Test value P-value Post-hoc

Age
 Mean ± SD 50.77±7.20 50.57±6.51 48.27±5.71 1.372* 0.259

P1=0.905
P2=0.140
P3=0.174

Gender No. (%)
-Male
-Female

19(63.30%)
11(36.70%)

21(70.00%)
9(30.00%)

18(60.00%)
12(40.00%) 0.679*** 0.712 --------

BMI 
Mean ± SD 21.62±1.80 26.12±1.72 23.10±1.39 51.725** 0.0001

P1=0.0001
P2=0.002
P3=0.0001

FBG mg/dl
Mean ± SD 84.57±7.65 231.07±53.40 119.17±4.73 79.171** 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

2Hpp
Mean ± SD 87.17±8.67 272.90±57.62 160.17±14.59 79.157** 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

HbA1c (%)
Mean ± SD 5.05±0.67 8.46±1.56 6.05±0.30 65.594** 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

HDL
Mean ± SD 48.53±1.36 31.17±1.49 37.70±1.47 79.62** 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

TGs
Mean ± SD 92.27±5.08 165.07±11.63 111.70±5.63 79.218** 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

Cholesterol
Mean ± SD 171.50±9.15 202.03±18.52 206.78±10.95 53.063** 0.0001

P1=0.0001
P2=0.0001
P3=0.551

LDL
Mean ± SD 104.47±8.49 137.37±18.34 146.80±11.08 58.540** 0.0001

P1=0.0001
P2=0.0001
P3=0.058

Fasting insulin (IU/ml)
Mean ± SD 4.09±0.54 23.10±3.45 17.58±5.71 72.407** 0.0001

P1=0.001
P2=0.0001
P3=0.986

HOMA- IR
Mean ± SD 0.83±0.11 11.90±2.85 4.63±0.75 79.197** 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

Family history No. (%)
-Negative
-Positive

30(100.00%)
0(0.0%)

3(10.00%)
27(90.00%)

11(36.70%)
19(63.30%) 51.314*** 0.0001 --------

TLR4 mRNA expression
Mean ± SD 0.05±0.02 1.43±0.18 0.57±0.21 79.566** 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

Table 1. Comparison between control group, T2DM group and IGT group regarding demographic and laboratory data.

*:Anova test. **::Kruskal Wallis Test. ***: Chi—square test. P1: Control group and T2DM group.P2:Control group and IGT group. P3: T2DMgroup 
and IGT group. 

Studied variable Control Group 
(No.=30)

T2DM Group
( No.=30)

 IGT Group 
(No.=30)

Kruskal Wallis Test
Post-hoc

Test value P-value
TLR4 mRNA expression
-Mean ± SD 
-Median(range)

0.05±0.02
0.05(0.03-0.08)

1.43±0.18
1.40(1.20-2.00)

0.57±0.21
0.50(0.20-0.90) 79.566 0.0001

P1=0.0001
P2=0.0001
P3=0.0001

Table 2. Comparison between control group, T2DM group and IGT group regarding TLR4 mRNA expression.

-P1: Control group and T2DM group. P2: Control group and IGT group. P3: T2DM group and IGT group.
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dl (<11.1 mmol/l) (22). TLR4 seems to have the major 
role in the incidence of chronic inflammation observed 
in T2DM complications (23).

In this study, there is no significant statistical diffe-
rence between the three studied groups regarding age 
and gender. In this study, fasting, 2 hours post prandial 
blood glucose levels and HbA1c were significantly 
higher in both T2DM and IGT groups compared to 
control group. This is in agreement with the results ob-
tained by (24,25). 

The present study reported that total cholesterol, tria-

cylglycerol (TG) and LDLc were significantly higher in 
T2DM group and IGT group compared to the control 
group. Whereas serum HDLc was significantly lower. 
This comes in line with Rizzo M and Berneis K, 2007 
(26) who reported that in patients with T2DM. 

It was showed that patients with insulin resistance 
(IR) have an increased expression of hepatic lipase 
which acts on HDLc , resulting in smaller HDL particles 
that are more rapidly catabolized by the kidney leading 
to, lower plasma HDLc. Also, an enzyme called endo-
thelial lipase, is up regulated in IR states (27) .

Studied 
parameters

TLR4 mRNA expression
Correlation coefficient (r) 
(spearman's correlation) P-value

Age (years) 0.022 0.908
BMI (kg/m2) 0.100 0.600
FBG (mg/dl) 0.852 0.0001
2Hpp (mg/dl) 0.926 0.0001
HbA1c (%) 0.120 0.526
HDLc (mg/dl) -0.412 0.024
TGs (mg/dl) -0.085 0.656
Cholesterol 
(mg/dl) 0.203 0.281

LDLc (mg/dl) 0.234 0.212
Fasting insulin
(IU/ml) 0.838 0.0001

HOMA- IR 0.795 0.0001

Table 3. Correlation between TLR4 mRNA expression and other 
parameters within T2DM group.

Studied 
parameters

TLR4 mRNA expression
Correlation coefficient (r) 
(spearman's correlation ) P-value

Age (years) 0.024 0.901
BMI (kg/m2) 0.103 0.588
FBG (mg/dl) 0.859 0.0001
2Hpp (mg/dl) 0.856 0.0001
HbA1c (%) 0.310 0.095
HDLc (mg/dl) -0.133 0.483
TGs (mg/dl) 0.110 0.563
Cholesterol 
(mg/dl) -0.233 0.215

LDLc (mg/dl) -0.253 0.177
Fasting insulin 
(IU/ml) 0.752 0.0001

HOMA- IR 0.745 0.0001

Table 4. Correlation between TLR4 mRNA expression and other 
parameters within IGT group.

Figure 2. Correlation between TLR4 mRNA expression and  
HOMA- IR in T2DM.

Figure 3. Correlation between TLR4 mRNA expression and 
HOMA- IR in IGT.

Logistic regression of risk factors of type 2 DM P-value OR (95% C.I.)
Age(years) 0.293 1.073(0.941-1.224)
TLR4 mRNA expression 0.007 9.568(3.080-25.991)
Family history 0.390 0.417(0.057-3.069)
Sex 0.436 0.527(0.106-2.634)
BMI (kg/m2) 0.177 1.377(0.866-2.190)
LDLc (mg/dl) 0.0001 0.852(0.789-0.919)

Logistic regression of risk factors of IGT P-value OR (95% C.I.)
Sex 0.383 1.585(0.564-4.458)
Age (years) 0.039 1.096(1.005-1.196)
Family history 0.001 0.091(0.022-0.378)
TLR4 mRNA expression 0.003 6.597(1.904-22.859)

Table 5. Multivariate logistic regression for risk of T2DM.

Table 6. Multivariate logistic regression for risk of IGT.
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Sorrentino, (2005) (28) reported that, patients with 
insulin resistance tend to have impaired fasting plasma 
glucose levels, which increase the prevalence of more 
atherogenic, low density lipoprotein (LDL) particles. 
The other associated abnormalities include, eleva-
ted levels of triglyceride (TG) rich lipoproteins along 
with low levels of high density lipoprotein cholesterol 
(HDLc). The present study showed that, fasting insu-
lin was significantly higher in IGT and T2DM groups 
compared with the control group. This is in agreement 
with the results obtained by Henze et al.,2010(29) and 
Ballard,2006(30) who stated that , the β cell increases 
insulin secretion, resulting in hyperinsulinemia in an 
attempt to overcome insulin resistance, which is able to 
maintain relatively normal glucose tolerance and over-
comes hyperglycemia. In some people, this hyperinsu-
linemic response is insufficient to fully compensate for 
insulin resistance, IGT and T2DM thus develop. 

The present study showed that fasting insulin and 
HOMA-IR were significantly higher in T2DM and IGT 
groups compared to control group. This is in agreement 
with the results obtained by Henze et al., 2010 (29). 

In this study, BMI was significantly higher in IGT 
and T2DM groups compared with the control group. 
Obesity is closely linked to a wide array of pathophy-
siologic consequences including insulin resistance (IR), 
hypertension, hyperlipidemia and atherosclerosis. The 
major basis for its link to T2DM is the ability of obesity 
to cause IR (31). Circulating FFAs derived from adipo-
cytes are elevated in many insulin resistance states and 
have been suggested to be a main underlying mecha-
nisms of IR in obesity associated T2DM (32).

Tissues insensitivity to insulin has been noted in most 
patients with type 2 diabetes irrespective of weight. It 
was attributed to genetic factor that is aggravated in 
time by further enhancers of insulin resistance such as 
aging, sedentary life and abdominal visceral obesity. In 
addition to insulin resistance, there is an accompanying 
deficiency in the response of pancreatic β cells to glu-
cose (33). 

In the current study mRNA expression of TLR4 was 
significantly higher in T2DM and IGT groups compa-
red to the control group. This is in accordance to results 
obtained by Dasu et al who reported that T2DM patients 
had significantly increased TLR2, TLR4 mRNA, and 
protein in monocytes compared with control partici-
pants. They concluded that TLR2 and TLR4 expression 
and their ligands, as well as their signaling and func-
tional activation, are increased in recently diagnosed 
T2DM (34).

Activation of the innate immune system via toll-like 
receptors (TLRs) is implicated in the pathogenesis of 
insulin resistance, diabetes, and atherosclerosis (35). 
Complementary genetic studies link toll-like receptor 4 
(TLR4) polymorphisms to T2DM, suggesting a causal 
relationship between TLR function and diabetes and its 
complications (36).  

The present study observed that mRNA expression 
of TLR4 was significant positively correlated with and 
FBG, 2HPP, fasting Insulin and HOMA-IR within IGT 
and T2DM groups. This is in agreement with results 
obtained by Dasu et al who reported that increased 
TLR2 and TLR4 expression correlated with FBG, , 
HbA1c,fasting insulin in addition to homeostasis model 

assessment - insulin resistance (HOMA-IR) in diabetic 
patients (34).

Studies have also shown that TLR2 and TLR4 ex-
pression levels are elevated in patients with T2DM. 
TLR4 has been shown to play an important role in the 
pathogenesis of atherosclerosis, diet-induced obesity, 
and the related insulin resistance (37).

Shi et al. (38) and Wong et al. (39) also reported 
consistent observations confirming the implication 
of TLR4 in the pathogenesis of insulin resistance and 
T2DM. Similar results, but in T1DM, were obtained 
by Devaraj et al. (39) who examined TLR2 and TLR4 
expression in monocytes from 31 T1DM patients and 
31 controls. They found that TLR2 and TLR4 surface 
expression and mRNA were significantly increased in 
T1DM monocytes compared with controls (40).

In the current study the Multivariate logistic regres-
sion for risk of T2DM and IGT showed that the most 
common risk factor is TLR4 mRNA expression. 

TLR4 is abundantly expressed in insulin target tis-
sues such as adipose tissue, liver and skeletal muscle 
and is now accepted as a key player in obesity-induced 
insulin resistance and T2DM (41). Earlier studies sug-
gested that the stimulation of TLR4 seen in obesity/
insulin resistance/T2DM (42).

In conclusion, the mRNA expression level of TLR4 
was significantly increased in T2DM.It might be a ge-
netic risk factor for incidence of T2DM. TLR4 should 
be included in the list of molecules affecting control of 
insulin homeostasis.
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