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Diabetes mellitus (DM) is a chronic debilitating illness, and atherosclerotic changes are inevitable and
usually neglected during the follow-up of diabetic patients. Toll-like receptor 2 (TLR2) is under trial in
many studies to hold responsibility for atherosclerosis process progression as they suggest a malfunction
of these receptors expressed on monocytes in diabetic patients. This study aimed to assess the associ-
ation between the TLR2 and type 2 diabetes mellitus (T2DM) in Egyptian diabetic patients and to
investigate its relationship with some diabetic complications.
Methods: This study included a 60 diabetic patients group 1 (diabetic complicated), group 2 (diabetic
non-complicated) and 30 age-matched normal healthy blood donors.
Results: Toll-like receptors (TLRs) expression was significantly associated with T2DM. In this study, the
mean fluorescent intensity (MFI) of TLR2 was 596.9 ± 84.78 in group 1, 326.23 ± 62.98 in group 2 while in
group 3 it was 208.47± 156.73. There was a significant correlation between MFI of TLR2 and random
blood sugar (RBS) and glycated haemoglobin (HbA1c) (p< 0.05).
Conclusion: TLR2 was overexpressed in diabetic patients with microvascular complications compared to
diabetic non-complicated patients and normal healthy controls.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Diabetes mellitus (DM) is a major public health problem
worldwide. Type 2 diabetes mellitus (T2DM) is becoming a major
chronic disease health burden in Africa. Prevalence ranged from
2.6% in rural Sudan to 20% in urban Egypt [1]. According to the
international diabetes federation, there were 8,222,600 cases of
diabetes in Egypt in 2017 [2].

Toll-like receptors (TLRs) are an evolutionarily conserved family
of pattern recognition receptors expressed on innate immune cells.
They play a pivotal role in the inflammatory responses in DM.
Moreover, they mediate the pathophysiological process of athero-
sclerosis [3e5]. Emerging data in vitro and in vivo suggest that
systemic inflammation plays a role in the pathogenesis of DM
complications via innate immune receptors [6].

TLR expression has also been detected on cardiac, epithelial,
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endothelial and vascular smooth muscle cells. Moreover, mesen-
chymal and parenchymal cells of different organs and tissue such as
kidney, heart, lung, liver, skin, brain and intestine express TLR, but
their functional role and relevance are not yet fully understood.
Modulating these TLRs could be beneficial in forestalling diabetic
complications giving the pivotal role of inflammation in both
microvascular andmacrovascular complication [7]. Currently, there
is great interest in the development of TLR small molecule modu-
lators for interrogating TLR signalling and treating diseases caused
by TLR signalling malfunctions [8]. We aimed in this work to assess
the Toll-like receptor 2 (TLR2) expression on monocytes in type 2
diabetic patients with microvascular complications compared to
type 2 diabetic patients without microvascular complications and
in reference to healthy normal age-matched controls.
1.1. Subjects

This study is a case-control study that included 60 diabetic pa-
tients, recruited from the Diabetes outpatient clinic in the internal
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medicine department of Cairo-Suez Canal University hospital. The
studied subjects were distributed into two groups according to the
inclusion and exclusion criteria for each group,

Group 1: (n¼ 30) Type 2 Diabetic patients showing signs of
microvascular complications, e.g. retinopathy and/or
nephropathy.
Group 2: (n¼ 30) Type 2 diabetic patients with no signs of
microvascular complications.
Group 3: (n¼ 30) consisted of healthy age-matched controls
selected from blood donors attending the blood bank hospital.

Exclusion criteria for all the groups were as follows; Age <18,
Type 1 diabetic patients, the presence of hypercholesterolemia and
patients with glycated haemoglobin (HbA1C) more than 10% over
the last year.

After applying the inclusion and exclusion criteria, a sample
frame was designed, and a listing of the patients was done. Their
selection came through systematic random sampling.

2. Materials and methods

All study participants were subjected to full history taking,
general, neurological and fundus examinations, to assess their
current disease status and the presence of any of its complications.
Fundus and neurological examinations were done to assess
different degrees of retinopathy and diabetic neuropathy.

After obtaining a written informed consent from all participants
and approval of the University ethical committee; 10ml of the
peripheral blood (PB) from all the study participants were obtained
aseptically. Also, the random urine sample was obtained from all
the study participants. Blood samples were divided as the
following: 4ml in plain tube 1 for biochemical studies, 2ml in so-
dium fluoride tube for the assessment of random blood sugar (RBS),
2ml in dipotassium ethylenediaminetetraacetic acid (EDTA) tube
for HbA1c and finally 2ml in EDTA tube for TLR2 expression
examination.

The following investigations were done for all diabetic patients:

1 Biochemical studies: RBS, HbA1c, lipid profile and urine
microalbumin concentration using (Hitachi 912, Boehringer
Mannheim Diagnostic, USA).

2 Immunophenotyping study: Assessment of TLR2 expression on
monocytes by the (FACSCalibur™, BD Biosciences, USA).
2.1. Immunophenotyping

For each sample, two tubes were labelled, the first was un-
stained tube and the second contained a panel of conjugated
monoclonal antibodies (MoAb) to monocyte marker (FITC MoAb
against CD 14 Reagent, Becton Dickinson BD, USA) for the sorting of
monocyte and PE labelled monoclonal antibodies against TLR 2
(Becton Dickinson BD, USA). One hundred microlitres of the PB
were delivered in each tube, and 5 ml of each MoAb were added to
the respective tubes, then the tubes were vortexed and incubated in
the dark in cold environment for 25min. After that, 3ml of pre-
diluted (1:10) lysing solution pH adjusted at 7.2 was added to each
tube, then the tubes were vortexed and incubated for 10min in the
dark at room temperature.

For three times, tubes were centrifuged at 3000 round per
minute (rpm) for 5min, and the supernatant was discarded, then
the cells were washed with 2ml of phosphate buffered saline (PBS)
(with pH adjusted at 7.3± 0.2). Cells were suspended in 500 ml PBS
to be processed by the Flow Cytometry machine.
2.2. Data interpretation

Flow cytometric analysis was done using Cell Quest software
(Tree Star, USA). A minimum of 40,000 events was acquired. Gating
was done on the lymphocyte population based on the forward
scatter (FSC) and side scatter (SCC) properties followed by the
gating of CD 14þ events. Then, the expression of TLR2was assessed
and presented as a percentage, absolute count and mean fluores-
cent intensity (MFI).

3. Statistical methods

Data were analysed using software package for statistical anal-
ysis, SPSS version 16 under Windows XP operating system for IBM
compatible. Qualitative datawere described in the form of numbers
and percentageswhile quantitative datawere described in the form
of mean± Standard deviation (SD) and Range. The comparison
between the two groups regarding quantitative data was per-
formed using independent student t-test or Mann Whitney test
according to the normality of the data.

3.1. Pairwise correlations

Statistics between two variables was done using Spearman rank
order correlation test and multicomparison using Bonferroni Post
hoc test.

4. Results

Participants of the study were all around their sixth decade with
a female predominance. The age and sex of the study population
were compared; there was no significant statistical difference
(p> 0.05) among them which fulfils the goal of proper cross
matching within the groups. The selected biochemical tests per-
formed were compared among the study groups; there was a sta-
tistically significant difference (p< 0.01) between them regarding
RBS, lipid profile and HbA1c percentage (Table 1). In the compli-
cated group, microalbuminuria (7, 23.33%) signified diabetics with
nephropathy in pace with history and examination. While reti-
nopathy represented 43.33% (13/30) of themwhich was confirmed
via fundus examination. Only 10 patients showed both the com-
plications together.

Flow cytometric analysis of the monocytes and their expression
of TLR revealed a statistically significant difference in the monocyte
percentage among the three groups, being the highest in the
complicated patients. Also, the expression and the MFI of TLR 2
were highest among the same group (Table 2).

Table 3 showed that the MFI was highest among those with
retinopathy yet the difference between the MFI between patients
having only retinopathy or only nephropathy or both were statis-
tically significant.

Pairwise correlation of the study characteristics revealed that
CD14 þ TLR þ monocytes increased significantly with age and with
worsening of the diabetic parameters like RBS and HbA1c, as shown
in Table 4.

5. Discussion

T2DM is a growing health problem in developed and developing
countries [8] and is characterised by impaired insulin secretion,
peripheral insulin resistance and increased hepatic glucose output
leading to hyperglycaemia [9,10]. Most individuals with T2DM
suffer serious complications of chronic hyperglycaemia including
nephropathy, neuropathy, retinopathy and accelerated develop-
ment of cardiovascular disease [11].



Table 1
Baseline laboratory findings of the participants.

Complicated Diabetic (n¼ 30) Non Complicated Diabetic (n¼ 30) Control (n¼ 30) p-value

RBS mg/dl 221.87± 61 212(139e410) 194.13± 59.2185(135e412) 90.77± 9.76 90(72e110) 0.0001*yz
HbA1C (%) 7.69± 0.75 7.65(6.6e9) 7.33± 0.8 7(6.4e9) 4.76± 0.46 4.8(4e5.6) 0.0001*yz
LDL mg/dl 96.23± 18.97 99.8(57e130) 88.81± 17.7 89(60e123) 77.52± 18.27 75.4(50e120) 0.0007*y
Cholesterol mg/dl 215.37± 15.5219(185e239) 210.9± 11.53 213.5(184e227) 151.97± 16.54 149(129e195) 0.0001*yz
Triglycerides mg/dl 175.4± 9.13 175(153e198) 159.73± 13.29 163(130e180) 128.23± 11.19 125(110e148) 0.0001*yz$

*p-value is significant (p < 0.05).
yBonferroni post hoc test revealed that the comparison of the complicated group to control group is significant.
zBonferroni post hoc test revealed that the comparison of the non-complicated group to control group is significant.
$Bonferroni post hoc test revealed that the comparison of the complicated group to non-complicated group is significant.

Table 2
Comparison of TLR2 MFI, the percentage of CD14 þ TLRþ and percentage of monocytes among the study groups.

Complicated Diabetic Non-Complicated Diabetic Control p-value

Monocytes (%) 9.54± 2.17 10.05(4.8e13.1) 9.1± 1.76 9.4(5.6e12.4) 6.94± 12.55 7.05(2.3e10) 0.0001*
CD14 þ TLR2þ (%) 96.17± 3.04 97(88e100) 89± 5.29 89.5(78e98) 67.99± 12.55 70.5(44.5e90) 0.0001*
TLR2 MFI 596.9± 84.78 584.5(350e780) 326.23± 62.98 313.5(220e500) 208.47± 156.73 184(74e826) 0.0001*

*p-value is significant (p < 0.05).

Table 3
Comparison of TLR2 MFI according to the types of complications among the complicated diabetic patients.

TLR2 MFI Nephropathy Retinopathy Nephropathy & Retinopathy p-value

Mean± SD 620.4± 70.6 630.5± 80.2 536.7± 72 0.02*
Median(Min-Max) 632(512e712) 600(498e780) 553.5(350e600)

*p-value is significant (p < 0.05).

Table 4
Pairwise correlations of the study characteristics.

Age RBS HbA1c LDL HDL TG CHOL MFI

RBS R 0.68
P 0.00*

HbA1c R 0.73 0.81
P 0.00* 0.00*

LDL R 0.35 0.32 0.35
P 0.00* 0.00* 0.00*

HDL R �0.17 �0.15 �0.17 �0.43
P 0.11 0.16 0.12 0.00*

TG R 0.10 0.20 0.18 �0.07 �0.08
P 0.37 0.06 0.09 0.52 0.45

CHOL R 0.34 0.28 0.34 0.92 �0.21 0.07
P 0.00* 0.01* 0.00* 0.00* 0.05 0.49

MFI R 0.65 0.54 0.56 0.09 0.11 0.05 0.14
P 0.00* 0.00* 0.00* 0.42 0.29 0.67 0.18

CD14 þ TLRþ R 0.63 0.63 0.73 0.32 �0.08 0.06 0.32 0.58
p0.00* 0.00* 0.00* 0.00* 0.45 0.57 0.00* 0.00*

Monocytes R 0.42 0.43 0.50 0.13 �0.11 0.11 0.13 0.28
p 0.00* 0.00* 0.00* 0.21 0.32 0.31 0.21 0.01*

R: Pearson coefficient.
p: p-value, *p-value is significant (p < 0.05).
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In this study, it was found that TLRs were overexpressed in type
2 diabetic patients with microvascular complications than in non-
complicated type 2 diabetic patients. Both Diabetics groups
showed higher expression of TLR2 than in the normal healthy
controls.

These results were also consistent with the findings of Dasu
et al., in 2010 [12], who determined the levels of TLR2 and TLR4
expression by flow cytometric analysis in control and type 2 dia-
betic subjects. He found that monocyte surface expression of TLR2
and TLR4 was significantly elevated in type 2 diabetes compared
with the control in both complicated and non-complicated diabetic
subjects (p˂0.005). Also, he investigated the TLR2 and TLR4
messenger ribonucleic acid (mRNA) levels by real-time RT-PCR and
found a corresponding increased TLR2 and TLR4 mRNA expression
in type 2 diabetes compared with the control subjects. He further
confirmed the increased monocyte TLR2 and TLR4 protein content
using Western blot assay.

The results of our study also agreed with a study of Creely and
his team in 2007 [13], who showed increased TLR2 expression in
the adipose tissue of type 2 diabetic patients with strong correla-
tions to endotoxin levels. These observations taken together sug-
gest a potential role for TLR2 and TLR4 in the pathology of diabetes
with limited mechanistic details.

Our findings were also consistent with the findings of Devaraj
and his team in 2011 [14], who found that the TLR2 and TLR4 sur-
face expression was increased on monocytes isolated from Type 1
diabetes (T1DM) patients with microvascular complications
(T1DM-MV) compared to those without T1DM and healthy con-
trols. Also, he demonstrated a significant increase of nuclear factor
kB binding activity, as well as increased IL-1b release in resting and
activated monocytes of T1DM-MV compared to T1DM patients and
controls.

Also, in 2008, Devaraj et al. [15] showed increased TLR2 and
TLR4 expression, intracellular signalling and TLR-mediated
inflammation in monocytes with significant correlation to HbA1c
levels in type 2 diabetic patients.

These findings were also consistent with the findings of Raja-
mani et al., in 2014 [16], who had the first report on TLR demon-
stration on microvascular endothelium that was increased with
hyperglycaemia. TLR-2/4 mediated myeloid differentiation factor
88 (MyD88) pathway was upregulated as shown by increased
MyD88 protein levels and nuclear p65. Additionally, the TLR-4-
mediated Non-MyD88 pathway was also activated as indicated by
the increased protein levels of TIR-domain-containing adapter-
inducing interferon-b (TRIF) and interferon regulatory factor 3
(IRF3). These findings are in line with previous studies implicating
hyperglycaemia in renal microvascular complications.

Kaur et al., in 2012 [17] reported increased TLR-4 expression and
activity under hyperglycaemia in renal mesangial cells
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incriminating TLR-4 in contributing to diabetic nephropathy. Lin
et al. showed increased TLR-4 expression under hyperglycaemic
conditions in human proximal tubular epithelial cells pointing to-
wards a role for TLR-4 in tubulointerstitial inflammation in diabetic
nephropathy [18].

In conclusion, DM is amajor global health issue. Egypt has a high
prevalence rate of DM which is about 20%. The current study
demonstrated TLR2 overexpression in diabetic patients with
microvascular complications than in diabetic non-complicated
patients and normal healthy controls. TLR2 expression on mono-
cytes was increased in type 2 diabetic patients and was related to
microvascular complications.
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