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Abstract: Patients with type-2 diabetes mellitus (T2DM) display chronic low-grade inflam
mation induced by activation of the innate immune system. Toll-like receptor (TLR)4 is 
a pattern recognition receptor that plays a vital part in activation of the innate immune 
system. Results from animal and computer-simulation studies have demonstrated that target
ing TLR4 to block the TLR4-nuclear factor-kappa B (NF-κB) pathway reduces the inflam
matory response and complications associated with T2DM. Therefore, TLR4-targeted 
therapy has broad prospects. Here, we reviewed the role of TLR4 in inflammation during 
chronic hyperglycemia in T2DM and its therapeutic prospects. 
Keywords: T2DM, TLRS, TLR4, inflammation, TLR4 treatment

Introduction
The International Diabetes Federation showed that the number of people aged 
20–79 years with diabetes mellitus (DM) worldwide was estimated to be 
463 million in 2019. Almost 90% of these people will have type-2 diabetes mellitus 
(T2DM), and this number may increase to 700 million by 2045. However, 1 in 2 
(~232 million) patients do not know that they are suffering from DM, and the 
number of people at risk for T2DM is ~374 million.1 T2DM has become a major 
public-health problem worldwide.

T2DM is characterized by impaired insulin resistance and a dysregulated 
immune response. T2DM patients display chronic initiation of the innate immune 
system in pancreatic islets, which occurs in insulin-sensitive tissues and at the sites 
of diabetic complications. Several studies have shown that T2DM is associated 
significantly with activation of the innate immune system and that, in many aspects, 
T2DM is an inflammatory disease. Therefore, the proteins associated with compo
nents of the innate immune system could be potential targets for studying T2DM 
and its complications, including diabetic kidney disease (DKD), atherosclerosis and 
diabetic retinopathy.

Toll-like receptors (TLRs) are receptors that recognize pathogen-associated 
molecular patterns (PAMPs) and danger-associated molecular patterns (DAMPs).2 

TLR4 has important roles in modulating innate immunity. TLR4 is expressed in 
macrophages, adipose tissue, pancreatic β-cells, vascular endothelial cells, skeletal 
muscle, airway epithelia and smooth muscle cells. TLR4 interacts with other 
endogenous and exogenous substances, such as heat-shock proteins, fibronectin, 
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fibrinogen, free fatty acids (FFAs), and saturated fatty 
acids. This protein is also a crucial receptor for the lipo
polysaccharide (LPS) component of Gram-negative bac
teria. Most of the proinflammatory cytokines induced by 
activated TLR4 are involved in insulin resistance, which is 
associated significantly with T2DM risk.3 Given this infor
mation, the relationship between T2DM and TLR4 will be 
highlighted in this review.

TLRs Family
The first identification of a Toll receptor was in the 
embryonic development of Drosophila. Results from sub
sequent studies showed that the Drosophila Toll receptor 
had a major role in the antifungal responses of the adult 
fly.4 Since then, researchers have focused intensively on 
the role of Toll receptors in the innate immune response of 
insects and mammals. Consequently, the Toll receptor was 
identified in mammals, and revealed the important roles of 
Toll receptors in recognizing microorganisms.

Medzhitov and colleagues first identified that the mam
malian homolog of the Drosophila Toll receptor was hToll 
(now termed TLR4) in 1997.5 Consequently, many studies 
have suggested that several proteins that are structurally 
associated with TLR4 are called TLRs. To date, 10 TLRs 
in humans (TLR1–TLR10) and 12 TLRs in mice (TLR1 to 
TLR9 and TLR11 to TLR13) have been identified. It has 
been demonstrated that TLR-mediated recognition of 
microorganisms is complex. Different TLRs can recognize 
and bind with the specific patterns of microbial 
components.6

Structure of TLRs
TLRs are evolutionarily conserved proteins that can detect 
PAMPs. TLRs are important for the innate immune response 
and are vital regulators of innate and adaptive immune 
responses.2,7 As type-I transmembrane glycoproteins, TLRs 
share three common domains: an intracellular Toll- 
interleukin 1 receptor (TIR) homology signaling domain; 
a single transmembrane domain; an extracellular recognition 
domain.8 Since the first reported crystal structures of unli
ganded hTLR3 provided atomic detail,9,10 the hybrid long- 
range radar method has been established to crystallize 
TLRs.11 Subsequently, eight structures of TLR complexes 
activated by ligand induction (TLR1–TLR2–triacyl 
lipopeptide,12 TLR2–TLR6–diacylated lipopeptide,13 

TLR3–dsRNA,10,14 TLR4–MD-2–Eritoran (–LPS),11,15 

TLR5–flagellin,16 TLR8–imidazoquinoline derivatives,17 

TLR9–ssDNA,18 and TLR13–ssRNA)19 have been con
firmed based on the hybrid long-range radar method.

Structures of the Intracellular TIR 
Domains and Signaling Adapters
The TIR domain is a pivotal module that adapts the path
ways of the innate immune response. The TIR domain is 
mediated by TLRs and is contained in the C-terminal 
regions of all mammalian TLRs. Initiation of downstream 
signaling requires homo- or heterotypic dimerization of 
TIR domains. The latter and a five-stranded parallel β- 
sheet (βA–βE) in the center have a common fold, and 
there are five α-helices (αA–αE) on both sides.20,21 

Including three highly conserved residues (arginine BB3, 
aspartic acid BB4 and glycine BB8), the BB loop connects 
helix αB and strand βB, and has a vital role in the dimer
ization of TIR and/or recruitment of adaptors.21,22 The BB 
loop can use different conformations to form TIR 
dimers.22

Structures of Extracellular Domains
The extracellular recognition domains of TLRs belong to 
the leucine-rich repeat (LRR) family. The domains contain 
16–28 LRR modules in the middle of the N-terminal and 
C-terminal modules.23 Each of the LRR modules includes 
20–30 amino acids that contain a mutable part and 
a conserved “LxxLxLxxN” motif.24,25 Evidence from 
crystal structures has shown that all LRR modules are 
horseshoe-like. The concave face and convex surface of 
the horseshoe shape consist of parallel β strands and short 
310 helices and parallel loops, respectively.26 There are 
two structural transitions in the central β-sheets of TLR4 
so the LRR domains of TLR4 can be separated into three 
subdomains: C-terminal, central, and N-terminal.11

TLR4 Signaling Pathways
The main pathways activated by TLR4 are the myeloid 
differentiation primary response protein (MyD)88- 
dependent and -independent pathways. The initiating step 
of each pathway is TLR4 identification of ligands. The 
complex combination of LPS and LPS binding protein 
(LBP) attaches to another protein known as cluster of differ
entiation (CD)14.27 As a membrane-binding protein on 
innate immune cells, CD14 can also cycle in the cytoplasm 
in a soluble form. It has been suggested that the major role of 
CD14 is to strengthen TLR4 signaling by accelerating the 
transport of TLR4 to “lipid rafts” on the cellular membrane. 
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Subsequently, the coreceptor MD-2 is recruited to facilitate 
TLR4 translocation to the cellular membrane.28 Endocytosis 
of the TLR4/MD-2 complex occurs after translocation. The 
heterotrimer CD14/TLR4/MD-2 recognizes LPS and then 
induces the initiation of MyD88-dependent and MyD88- 
independent pathways. The general pattern of these path
ways is shown in Figure 1.

MyD88-Dependent Pathway
The MyD88-dependent pathway was the first to be discov
ered, and it is the most vital pathway. Evidence from several 
studies has suggested that MyD88 knockout mice do not 
respond to TLR ligands.29 Through this mechanism, after 

stimulation, the binding of TLR4 and MyD88 at the cyto
plasmic TIR domain30 results in recruitment of the interleu
kin-1 receptor-associated kinase (IRAK)4, which is 
associated with the IL-1 receptor.31 After binding to and 
activating tumor necrosis factor receptor-associated factor 
(TRAF)6, activated IRAK4 dissociates from MyD88, result
ing in the formation of Complex-1. Subsequently, after dis
sociating from TLR4, this triple association stimulates the 
recruitment of numerous proteins, including TGFα- 
associated kinase (TAK)1 and TAK1 binding protein (TAB) 
1–3, which form the core components of Complex-2. These 
processes result in the activation and initiation of two sub- 
pathways. In the first sub-pathway, TAK-1 phosphorylation 

Figure 1 TLR4 signaling pathway (schematic). After LBP- and CD14-mediated LPS binding or FetA-mediated FFA binding, the TLR4/MD-2 complex recruits MyD88 or TRIF 
via TIRAP and TRAM.27 This action, in turn, induces (1) the MyD88-dependent pathway.29 MyD88 binds with the IRAK/TRAF6 complex (Complex I) and TAK1/TAB 
complex (Complex II), subsequently triggering the activation of IKK. IκBα is phosphorylated by activation of IKK and stimulates the translocation of NF-κB into the nucleus, 
where NF-κB leads to the production of ROS and proinflammatory cytokines. Complex II can also trigger the MAPK pathway and lead to the activation of p38, JNK and 
ERK1/2. This activation stimulates the translocation of AP-1 into the nucleus, and proinflammatory cytokines are subsequently transcribed. (2) In the MyD88-independent 
pathway,34 TLR4 is stimulated by LPS and associates with translocating chain-associated membrane protein (TRAM) and TIR-domain-containing adaptor-inducing interferon-β 
(TRIF). The dimerization of TRAM and TRIF activates the TRAF6-TAK1-IKK pathway. Alternatively, TBK1 kinase can activate interferon regulatory factor (IRF)3 by 
phosphorylating it. Activated IRF3 can migrate to the nucleus and act as a transcription factor. Interferon (IFN)-1β binds to activated IRF3 and subsequently activates the 
production proinflammatory cytokines. Furthermore, two potential targeting points blocking TLR4 signal-pathway have been found according to the literature: (a) FP7 blocks 
the TLR4 signaling pathway by targeting MD2 and CD14; (b) dioscin inhibits the TLR4 signaling pathway by decreasing NF-κB expression.
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activates the IKB kinase (IKK) complex, which in turn 
induces the phosphorylation of inhibitor of kappa B (IκB) 
protein. This action results in proteasomal degradation of IκB 
and stimulates the translocation of nuclear factor-kappa 
B (NF-κB) to the nucleus.32 NF-κB then induces the activa
tion of proinflammatory mediators, which are extremely 
effective in activating inducible nitric oxide synthase 
(iNOS) and inducible cyclo-oxygenase (COX)-2, and stimu
lates the release of many major inflammatory cytokines, such 
as tumor necrosis factor (TNF)-α, IL-1β, and IL-6.33 In 
the second sub-pathway, TRAF6 induces the activation of 
the mitogen-activated protein kinases (MAPKs) c-Jun 
N-terminal kinase (JNK), extracellular signal-regulated 
kinase (ERK)1/2, and p38 via phosphorylation, subsequently 
modulating the activation of some transcription factors, 
including activator protein (AP)-1.31

MyD88-Independent Pathway
Kawai and colleagues revealed that, following stimulation 
of TLRs, JNK and NF-κB were produced in MyD88- 
knockout mice. This result suggests that there are other 
MyD88-independent pathways.34 After stimulation of 
TLR4 with its ligand, TLR4 recruits translocating chain- 
associated membrane protein (TRAM) and TIR-domain- 
containing adaptor-inducing interferon-β (TRIF). The 
dimerization of TRAM and TRIF activates the TRAF6- 
TAK1-IKK pathway. This interaction activates NF-κB and 
destroys IκBs.35 Alternatively, TBK1 kinase activates 
interferon regulatory factor (IRF)3 by phosphorylating it. 
Activated IRF3 can translocate to the nucleus and act as 
a transcription factor. After binding to activated IRF3, 
interferon 1β (IFN-1β) subsequently activates the produc
tion of reactive oxygen species (ROS) and proinflamma
tory cytokines. Several endogenous inhibitors can regulate 
TLR4 overactivation, such as the ubiquitin ligase 
TRIAD3A, which strengthens ubiquitination and then 
degrades TLR4.36 In addition, a homolog of the TLR4 
protein RP105 can also antagonize TLR4 signaling on 
the surface of the cell membrane.37 It has been shown 
that posttranslational modification of TLR4 signaling can 
be altered by the acetylation of lysine residues.38

Role of TLR4 in T2DM Pathogenesis
Inflammation and T2DM
T2DM has become a growing issue as people become older, 
especially for those who have genetic and epigenetic predis
positions. T2DM is associated mainly with obesity and 

physical inactivity. In people with predispositions, a defect 
in insulin secretion can be detected concomitantly with 
a reduced response to glucose uptake stimulated by insulin 
in the liver and adipose tissues, and this condition is called 
insulin resistance.39–42 In individuals, insulin resistance 
remains relatively constant over time and increases only 
slightly with age. However, an initial increase in insulin 
production was followed by a continuous deterioration in 
the insulin-secretory capacity of pancreatic β-cells, which 
causes the initiation and development of T2DM. Finally, 
the increased demand for peripheral insulin cannot be com
pensated for by insulin secretion. In T2DM, mechanisms 
associated with defective insulin secretion and responses 
include glucotoxicity, lipotoxicity, oxidative stress, endoplas
mic reticulum (ER) stress, endocannabinoids, alterations in 
the gut microbiota and the formation of amyloid deposits in 
pancreatic islets.43–47 Interestingly, these factors are all asso
ciated with the inflammatory response.48–56 For example, 
increased glucose concentrations and LPS activate TLR4, 
which upregulates expression of caspase-3 and poly ADP 
ribose polymerase (PARP), and modifies the ratio of expres
sion of B-cell lymphoma-2 (Bcl-2)/Bcl-2-associated 
X protein, which results in enhanced oxidative stress, 
increased release of ROS and apoptosis.57–59 Armann et al 
showed that ROS generation in pancreatic islets is linked to 
the percentage of cells undergoing apoptosis and the func
tional potency of pancreatic islets in vivo.60 Duprez et al 
revealed that oxidative stress led to the apoptosis of pancrea
tic-islet β-cells and dysfunction of insulin secretion in rats.61 

ROS and the byproducts induced by ROS (degraded hya
luronic acid, oxidize phospholipids and activated high- 
mobility group protein B1) are recognized as DAMPs, 
which can activate the TLR4 pathway, thereby leading to 
increased production of ROS and inflammatory mediators. 
Consequently, there is a “vicious cycle” between TLR acti
vation and ROS generation that contributes to the mainte
nance of chronic inflammation in pancreatic islets.62 

Furthermore, the increased ROS leads to activation of the 
NOD-, LRR- and pyrin domain-containing (NLRP)3 inflam
masome and caspase-1, which promotes the production of 
mature interleukin-1β (IL-1β).

Initially, this inflammation can promote β-cell prolifera
tion and the production of insulin to compensate for insulin 
resistance.63 Various cytokines and chemokines are induced 
by IL-1β, such as monocyte chemoattractant protein (MCP) 
1; also called (CCL2) and TNF, which results in the infiltra
tion of macrophages and other immune cells.64–66 Such 
infiltration of immune cells is increased due to the vicious 
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cycle of IL-1β autostimulation.67 Therefore, macrophage 
infiltration into resident pancreatic islets induces their dys
function. In adipocytes, lipid overload can result in adipo
cyte death, further triggering an inflammatory response, 
which forms a vicious cycle. In addition, a review by 
Kitamura indicated the contribution of Forkhead box protein 
O1 (FOXO)1 (a multifunctional protein that regulates pro
liferation, apoptosis, senescence, differentiation, stress resis
tance, autophagy and metabolism) signaling to the initiation 
and development of loss of pancreatic β-cells in T2DM.68 

The inflammatory microenvironment in pancreatic islets 
stimulated by FFAs and high glucose includes macrophage 
polarization, and the conversion of M2 macrophages to M1 
macrophages. Moreover, activation of TLR4 in M1 macro
phages and β-cells mediates the inflammatory pathway, 
which leads to β-cell dysfunction (reduced production and 
secretion of insulin) and apoptosis/death. Eventually, these 
processes contribute to T2DM development (Figure 2). 
Insulin resistance and β-cell dysfunction are hallmarks of 
T2DM.

Expression of TLR4 in T2DM
T2DM has become the most prevalent metabolic disease 
worldwide. The effects of T2DM have become the main 
cause of mortality in humans.69 Moreover, the results 

obtained from several studies have suggested that proin
flammatory cytokines in low-grade inflammation are 
involved in the pathological processes that lead to 
T2DM.70,71 TLR4 is expressed not only in various 
immune-related cells (eg, neurons, oligodendrocytes, 
astrocytes, microglia and the cerebral endothelium) but 
also functions in several types of nonimmune cells. Garay- 
Malpartida et al observed variable levels of TLR4 expres
sion in pancreatic β-cells isolated from adult nondiabetic 
brain-dead donors. Their results showed that LPS could 
increase TLR4 expression and impair the viability of pan
creatic β-cells, which led to a decrease in the synthesis and 
secretion of insulin.72 Moreover, activation of TLRs 
induced by any stimuli in injured tissue plays a key part 
in the human inflammatory response: TLRs are important 
mediators of the human inflammatory response because 
they facilitate the production of inflammatory cytokines. 
Given the findings mentioned above, Gupta et al measured 
TLR1-10 expression in neutrophils and monocytes derived 
from patients with T2DM and healthy participants. They 
showed that in neutrophils, mRNA expression of most 
TLRs was enhanced in glycemic control (GC) patients 
compared with that in normal glucose tolerance (NGT) 
cases. Similarly, mRNA expression of TLRs was increased 
in monocytes derived from GC cases.73 The data collected 

Figure 2 Implications of TLR4 in inflammation in pancreatic islets. TLR4 on the surface of β-cells and macrophages is activated by FFA and high glucose, which induces 
oxidative stress and ROS generation by upregulating expression of caspase-3 and PARP. The cytokine IL-1β is released via the TLR4-NF-κB signaling pathway in pancreatic β- 
cells and macrophages. Eventually, the generation of IL-1β and ROS induces the pancreatic β-cell dysfunction (decreased production and secretion of insulin) and the 
apoptosis/cell death of β-cells. Moreover, M2 macrophages from bone marrow or adipose tissue enter pancreatic-islet tissue and translate into M1 macrophages. Activated 
M1 macrophages increase the level of ROS and IL-1β to aggravate inflammation and further deteriorate dysfunction of β-cell in pancreatic islets.62
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from T2DM patients with good GC were consistent, and 
studies have suggested that TLR4 expression was 
enhanced in monocytes isolated from patients with 
T2DM; the mean duration of such expression was 29 
months.74 Moreover, data from other studies indicated 
that mRNA expression of TLR4 was enhanced in periph
eral blood mononuclear cells (PBMCs) derived from 
patients with T2DM75 (though the mean duration of dis
ease was not stated).76 Mohan et al showed that high 
glucose could stimulate the generation of nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase in 
human monocytes, and that TLR4 expression was induced 
by NADPH oxidase via protein kinase C (PKC)-δ.77 

Recently, Sindhu et al reported that expression of TLR10 
(an immune marker of metabolic inflammation) was 
induced by oxidative stress, and that ROS-mediated oxi
dative stress induced TLR10 expression in monocytic 
cells, an ER stress response, as well as NF-κB and 
MAPK signaling pathways.78

Besides macrophages79 or immunocompetent cells 
(such as dendritic cells, DCs),80 TLR4 is also expressed 
in the cardiovascular system, including endothelial cells,79 

vascular smooth muscle cells (VSMCs)81 and adventitial 
fibroblasts.82 Several studies have identified the role of 
TLR4 in the development and progression of atherosclero
tic disease. For instance, TLR4 on adventitial fibroblasts 
engaged in neointima formation in atherosclerosis and the 
TLR4 pathway lead to expression of apoptotic molecules 
in the Fas death pathway.83 Moreover, we should also pay 
close attention to the expression and role of TLR4 in 
adipose tissue because it can communicate with multiple 
organs or tissues through many adipocytokines, which 
affects many physiologic and pathophysiologic processes. 
Several studies have shown that adipose tissue in obese 
people is infiltrated with macrophages; they may partici
pate in the inflammatory process activated in adipose 
tissue.84–86 Notably, the infiltration of macrophages and 
expression of inflammation-associated genes in adipose 
tissue precede insulin resistance.84,85 Hence, infiltrating 
macrophages play an essential part in inflammation initia
tion in adipose tissue. Accumulated evidences have sug
gested that TLR4 has a vital role in inflammation of 
adipose tissue induced by obesity and systemic glucose 
and lipid metabolism.87–90 TLR4 is expressed in macro
phages more abundantly than in adipocytes, so the chronic 
inflammatory responses induced by the interaction 
between macrophages and adipocytes could be mediated 
via TLR4 in macrophages.91

Role of TLR4 as an Inflammatory Target 
in T2DM
The innate immune system is activated by TLRs, particu
larly TLR4, which plays a vital part in chronic, low-grade 
inflammation. A high-fat diet can lead to an increase in 
plasma LPS concentrations in T2DM cases and healthy 
individuals,92,93 whereas LPS induces insulin resistance 
rapidly in healthy people.94 LPS is derived from a group 
of Gram-negative bacteria95 called Enterobacteriaceae (ie, 
Escherichia coli),96 as well as fungal and viral products97 

that are well-known extracellular pathogens and can 
induce TLR4 activation. Similarly, an excessive amount 
of glucose and FFAs leads to increased expression of 
TLR4 mRNA and protein in patients with untreated 
T2DM. FFAs induce activation of the inflammatory 
response and metabolic signaling in insulin resistance, 
primarily via the TLR4-NF-κB signaling pathway in pan
creatic β-cells and macrophages.98 However, TLR4 cannot 
bind to FFAs directly; thus, the interaction between TLR4 
and FFAs is mediated by fetuin A (FetA), which may be 
regarded as a new therapeutic target.99,100

Therapeutic Prospects of TLR4 in 
T2DM
Application of TLR4 Antagonists in T2DM
Having shown the effects of TLR4 in T2DM development, 
one could hypothesize that blockade of TLR4 signaling 
would inhibit the progression of inflammation in pancrea
tic islets. Consistent with this hypothesis, Shi et al 
observed that a lack of TLR4 could improve obesity- 
induced insulin resistance.98 Moreover, Wang et al estab
lished that pretreatment with TLR4-short hairpin (sh)RNA 
and a TLR4 antibody led to significantly reduced expres
sion of TLR4 compared with that observed upon treatment 
with LPS. After pretreatment with a TLR4 antibody and 
TLR4-shRNA, insulin secretion was increased signifi
cantly in isolated pancreatic islets in rats.101 This result 
showed that inhibition of TLR4 expression may protect 
pancreatic islet cells from the damage induced by ligands.

One study suggested, for the first time, that a TLR4 
antagonist improved atherogenesis and vascular inflamma
tion in diabetic apolipoprotein E (ApoE)−/− mice and low
ered serum levels of triglyceride and cholesterol in 
nondiabetic ApoE−/− mice.102 Furthermore, Perrin-Cocon 
et al examined the activity of FP7 (a small-molecule 
synthetic TLR4 antagonist) on human monocytes and 
monocyte-derived DCs in vitro and on mice with 
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influenza-virus infection in vivo. They showed that FP7 
inhibited activation of TLR4-mediated monocytes and 
DCs, thereby avoiding excessive TLR4 signaling in 
inflammatory disorders.103 FP7 binds to MD-2 and CD14 
and inhibits LPS-induced TLR4 signaling.104 Inhibition 
was TLR4-specific, suggesting a more precise molecular 
interaction with MD-2.103 Therefore, TLR4 antagonists 
such as FP7 could be developed as new drugs that target 
TLR4-related inflammatory diseases, such as T2DM.

Blockade of the TLR4 Signaling Pathway 
in T2DM Complications
Recently, several studies have revealed that blocking 
TLR4 expression is a strategy for treating T2DM compli
cations. Diabetic retinopathy (DR), atherosclerosis and 
DKD are three of the most common complications of 
DM. Hu et al treated retinal ganglion cells (RGCs) isolated 
from retinas of Sprague–Dawley rats with a selective inhi
bitor of TLR4, TAK-242, under a high-glucose environ
ment for 48 h. Subsequently, they showed that treatment 
with TAK-242 decreased expression of TLR4 downstream 
signaling molecules and significantly reduced levels of 
inflammatory cytokines, accompanied by a reduced rate 
of RGC apoptosis. Hu et al identified the potential effect of 
TAK-242 for treating the degeneration of primary RGCs in 
DR.105

Moreover, low-density lipoprotein receptor-deficient 
(LDLR−/−) mice (which are atherosclerotic and can be 
induced to develop T2DM with a high-fat diet) were 
treated with Rhodobacter sphaeroides LPS (Rs-LPS), an 
established TLR4 antagonist, in a study by Lu et al They 
found that the number of monocytes and macrophages in 
atherosclerotic lesions was reduced, and that expression of 
IL-6 and matrix metallopeptidase-9 in atherosclerotic pla
ques was inhibited; they also showed that Rs-LPS inhib
ited atherosclerosis in diabetic LDLR−/− mice and reduced 
collagen levels in diabetic mice.106

Emerging evidence has identified that the TLR4-NF-κB 
pathway in the kidney plays a vital part in DKD 
pathogenesis.107,108 Wu et al suggested that high glucose 
would increase expression of microRNA (miR)-199a-5p to 
decrease expression of Klotho, leading to inflammation and 
fibrosis by activating the TLR4/NF-κB p65/NGAL signaling 
pathway. In contrast, they showed that initiation of the TLR4/ 
NF-κB p65/NGAL signaling pathway might be attenuated 
under high glucose conditions by inhibiting miR-199a-5p or 
adding Klotho exogenously, thereby preventing the 

progression of inflammation and fibrosis in the kidney.109 

Furthermore, Liu et al found that 1.25-dihydroxyvitamin D3 
(1,25(OH)2D3) treatment reduced TLR4 expression, inhib
ited expression of NF-κB and MyD88 in cultured renal 
tubular epithelial cells, and reduced expression of collagen- 
associated proteins, resulting in a significant decrease in the 
inflammatory response in the renal tissues of rats with DKD. 
Immunohistochemistry results showed that 1.25(OH)2D3 
treatment could suppress the immune response by reducing 
the infiltration of macrophages significantly. Therefore, 1.25 
(OH)2D3 could downregulate the innate immune TLR4-NF 
-κB pathway to protect against DKD.110 Recently, Cai et al 
reported the potential role of dioscin in treating DKD in 
patients suffering from DM.111

Conclusions and Future 
Perspectives
TLR4, which is expressed in pancreatic β-cells, adipo
cytes and macrophages, plays a key part in the activa
tion of chronic low-grade inflammation. This action 
induces the initiation and progression of T2DM under 
high glucose concentrations in peripheral blood in obese 
people. Hence, TLR4 could be an ideal therapeutic 
target to inhibit the inflammatory pathway and improve 
T2DM and its complications. Moreover, recent studies 
have shown that treatments targeting TLR4 could inhibit 
the initiation and progression of inflammation effec
tively, thereby eliciting a potential hypoglycemic effect. 
Ullah et al used a computer-based study and found that 
curcumin analogs are natural antagonists of TLR4 that 
could inhibit the TLR4 pathway.112 Lakhia et al reported 
that miR-214 could attenuate inflammation by inhibiting 
TLR4 expression.113 Shah et al found that MAL/ 
MyD88-inhibitory peptide 2, an inhibitor, has broad 
specificity for TLRs and attenuates the activation of 
TLRs (including TLR4) that is induced by microbial or 
environmental factors.114 Yang et al demonstrated that 
D. officinale polysaccharide could inhibit TLR4 expres
sion to achieve potent anti-inflammatory effects.115 

Therefore, TLR4 represents a promising therapeutic tar
get in patients with T2DM, and researchers prefer to 
identify natural anti-inflammatory drugs. However, 
another important feature is the consequence of blocking 
the TLR4 pathway, which has a substantial role in 
initiating the immune response. Zheng et al suggested 
that TLR4 knockout influenced the growth, develop
ment, and reproduction of mice.116 Furthermore, 
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Coenen et al showed no differences in body composition 
or plasma lipids between MθTLR4+/+ mice (recipient 
mice with TLR4 expression in bone marrow) and 
MθTLR4−/− mice (recipient mice with TLR4 knock- 
down in bone marrow) on any of the diets. Moreover, 
similar insulin sensitivity between MθTLR4+/+ mice and 
MθTLR4−/− mice fed a high-fat diet with saturated fatty 
acids was found.117 Similarly, Eritoran (E5564, TLR4 
antagonist) has shown its safety in several studies.118,119 

Therefore, further research and understanding of related 
mechanisms are necessary to explore the potential future 
clinical importance of these treatments.
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