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Abstract
Cardiovascular diseases, especially atherosclerosis, found to be the dreadful diseases worldwide. There are diverse pathways associated with the progression of atherosclerosis. One of the important signaling pathways to target atherosclerotic plaque rupture is toll-like receptor 4 (TLR4) Pathway. Several studies are available for illustrating the role of TLR4 in health and diseases. Different types of immune cell are activated in atherosclerosis but primary cells that are activated by the TLR4 signaling are macrophages and endothelial cells. Mechanisms by which macrophages uptake lipids are diverse and it is very important to target signaling pathway responsible for controlling foam cell formation. The process of macrophages transformed foam cell formation is the critical event in progression of atherosclerotic lesion and TLR4 found to have actively participate in the event through mitogen activated protein kinases (MAPKs) activation. The activation of MAPKs signaling pathway leads to the accumulation of cholesterol in the macrophages and also contribute to the dissociation of IB and the nuclear translocation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-B) p65 subunit, thereby activating key inflammatory cascade activation by MAPKs/NF-B signaling pathway to induce toxicity by activating different inflammatory parameters. Hence, the review focussed on exploring the role of TLR4/MAPKs signaling pathway for the therapeutic inhibition of atherosclerosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Cardiovascular disease, especially atherosclerosis is a main health problem worldwide and it is a disease characterised by the deposition of lipid in the blood vessels. There are several studies undertaken to know the proximal role of immune system in atherosclerosis[1]. Macrophages are the primary cells which are present in atherosclerotic lesions and they uptake lipids and get transformed to foam cells. These foam cells are risky and contribute to the development of atherosclerotic plaque rupture. 

It was known that inflammatory process and its further cascade by activating immune system may contribute to the development of inflammation related atherosclerosis[2]. Usually the luminal side of the blood vessel walls are prone to atherosclerotic injury[3]. The presence of human histocompatibility leukocyte antigen is widely upregulated as the result of inflammatory processes[4]. There are studies reporting the role of variety of Infectious organisms and HSP60 as trigger of atherosclerosis[5].

It is very important to know the mechanism by which macrophages uptakes lipid and transformed get into foam cells. Targeting of macrophages transformed to foam cells are very important therapeutic strategies[6]. The studies on mechanism by which macrophages accumulate OxLDL and its further activation cascades are very important. It usually activates further cascades by activating components like polyoxygenated cholesteryl ester hydroperoxides and in turn activates toll-like receptor 4 (TLR4)[6]. 

It was suggested that TLR4 act as a link between inflammation and atherosclerosis[7]. TLR4 found to have an active participation in the progression of atherosclerotic diseases. It can also interferes with the cholesterol metabolic machinery in macrophages[8]. The research in TLR4 shown that, silencing of TLR4 gene seems to have reduced the size of atherosclerotic lesion, lipid content and macrophage polarisation in mice fed a high cholesterol diet for continuous six months[9]. 
TLR4 found to have act as an important receptor for arterial remodelling[10]. The activation of TLR4 receptor leads to the further activation of MYD88 protein and through protein cascade further activates mitogen activated protein kinases (MAPKs). The activation of MAPKs are essential for the secretion of chemoattract protein to direct monocytes to the atherosclerotic site[11]. The study on inhibition of tyrosine phosphatases like MAPKs found to have demolished the atherosclerotic lesion size in mice[11].

The phosphorylation of MAPKs triggers the activation of several downstream proteins and further activates the nuclear factor translocation (NF-B) which ultimately leading to the progression and rupture of atherosclerotic plaque [12]. Hence, the review focussed on exploring the role of TLR4/MAPKs signaling pathway in therapeutic inhibition of atherosclerosis.

ATHEROSCLEROSIS AND ITS ACTIVATION BY IMMUNE SYSTEM

The immune system is considered to be the guardian of host and its activation as a result to solve the denudation of endothelium. If the immune system unable to control this activation, then it will result in the chronic immune reaction and can result in the development of atherosclerotic plaque formation[13]. The regions of atherosclerotic lesions are usually crowded with macrophages and T cells which usually plays an adequate role in innate and acquired immune reactions. It was known in atherosclerotic disease condition there is an clonal expansion of differentiated T cells, which are common in all adaptive immune reactions[14].

TOLL-LIKE RECEPTOR-4

Toll-like receptor-4 (TLR4) pattern-recognition receptors are found to have an important role in the immune function. TLRs resides in the family of type I transmembrane receptor which consists of intracellular domain and an extracellular leucine repeat domain[15-17]. It was known that human TLR4 was the first characterised form of mammalian toll[15]. TLR4 is expressed in different types of cells, among them most abundant cell type is macrophages and dendric cells[15]. Usually, it is an membrane receptor which act as a signal transducing agent in different inflammatory insult condition like LPS induced[18-21].

The extensive research in the field of TLRs resulted in knowing mechanism of immune response induced by TLR4, it is by recognition the pathogen associated molecular pattern. The recent studies using mouse knock out genes demonstrated the active role of TLR4 in triggering and development of atherosclerotic plaque[15].  

TLR4 IN HEALTH AND DISEASES

Among the toll like receptors, the best characterised form is the TLR4, which has found to have prominent role in the atherosclerosis[22]. The tissue slice from aorta of atherosclerotic plaque area showed an prominent expression of TLR4 by immunohistochemical analysis[23]. 

The research studies on cardiovascular diseases shown that infection associated with C pneumonia found to have role in the progression of atherosclerotic diseases[24]. It usually triggers the diseases by activating TLR4 receptor to induce the migration and proliferation of smooth muscle cells[25]. The patient with up regulated expression of human TLR4 results in the elevation of IL-12 expression on the downstream activation of TLR4[22].

Lipopolysaccharide are released upon microbial infection and might triggers the plaque cells to promote the production of different cytokines which initiates the progression of plaque and its rupture which results in severe complications[26]. The up regulated expression of hTLR4 in patients results in the enhanced expression of MYD88 protein level[27]. Extensive genetic study on TLR4 gene showed that any polymorphism in TLR4 gene found to have slow down the progress of atherosclerosis. It is due to the mutation on TLR4 (Asp 299 Gly and Thr 399ile) residues. The analysis on TLR4 polymorphism in different patient showed that the patient with acute coronary syndrome showed less polymorphism were as healthy old people showed least polymorphism[28].

ACTIVATION OF IMMUNE CELLS BY TLR4 SIGNALING

Macrophages and the endothelial cells are the main two types of cells which primary respond to the microbial infection. TLR4 expression in macrophages triggers the local differentiation of these cells to antigen presenting one[29,30]. Finally it act as the bridge between innate and adaptive immune response to local antigen such as heat shock proteins and OxLDL[31].

TLR4 AND ITS ROLE IN CHOLESTEROL METABOLISM

TLR4 has active role in cholesterol metabolism in macrophages[8], which elucidates the process by which TLR4 affect the disease pathology. It has been found that deficiency in TLR4 gene was associated with reduction in the atherosclerotic lesion in cholesterol fed mice for six months[9]. The gene polymorphism in TLR4 results in the 25% reduction in plaque of double mutant mice. The levels of plasma cholesterol didn’t affect significantly on TLR4 deficiency. Over all the genetic polymorphism in TLR4 results in the reduction in levels of cholesterol, conforming the active role of TLR4 in atherosclerosis.

TLR4 SIGNALING IN ATHEROSCLEROSIS

The innate immune system can be activated by variety of pathogen by TLR4 signaling pathways[16,18]. Lipopolysacharide can specifically activates TLR4 ligand[31], which is the major component of gram negative bacteria. Cholesterol induced toxicity causes tissue injury and which releases cellular fibronectin and HSP60 which triggers the activation of TLR4 receptor and results in the atherosclerotic progression[32,33]. 

The activation of TLR4 leads to the accumulation of different cells in the atherosclerotic walls like endothelial cells[20,30], macrophages[7,20,30], adventitial fibroblast[20,34] and dendric cells[20,35,36]. TLRs have two important domains like extracellular leucine rich (LRR) domain and intracellular domain (TIR). When the TLR4 receptor stimulates, the TIR domain bind to TIR domain adaptor protein MYD88, then to adaptor protein (AD) to form TIRAP complex which is known as MYD88-MAIL and TIR domain consist of adaptor inducing IFN- (TRIF), the TRIF-related adaptor molecule (TRAM) resulting in two distinct signaling mechanism. MyD88-dependent and the MyD88-independent/TRIF-dependent pathways[37].

MAPKS ACTIVATION BY TLR4 SIGNALING

TLR4 is widely expressed in atherosclerotic plaques and results in the activation of macrophages and endothelial cells. There comes a link between TLR4/MAPKs/NF-B pathway in inducing inflammatory stress and ultimately resulting in atherosclerotic plaque rupture[30]. Upon activation TLR4 receptor leads to the activation of IRAK associated protein TRAF6 which induces activation of TAK1 and MKK6 via JNK/p38 to activates NF-B and resulting in the activation of downstream signaling to promote the progression of the disease[38,39].

TLR4/MAPKS SIGNALING PATHWAY AS A THERAPEUTIC TARGET

TLR4 found to have an eminent role in the innate immune system. When it comes in with microbial product TLR4 activates intracellular signaling pathway. The execution of the mechanism is through NF-B signaling pathway. It is known that TLR4 induced NF-B activation is an critical component in ancient host defence system, which is phylogenetically conserved in most of insects and mammals[40].

The alterations in the mechanisms regulating the activation of MAPKs and NF-B are responsible for the most of inflammatory events[12]. In normal cells the NF-B resides in the cytoplasm and usually associated with I-B, a family of inhibitory proteins, which usually binds to NF-B and inhibits the nuclear translocation[41]. NF-B usually regulates the cell survival and inflammatory stress on the active B binding sites called the promoter gene[12]. Active NF-B complexes are dimers of combinations of Rel family polypeptides (p50, p52 and p65) that respond to a wide variety of stimuli. The NF-B subunit determines the biological effect by nuclear translocation and further binding to B-regulatory elements[42,43].

Research study on MAPKs pathway suggests the active participation of MAPKs in the translocation of NF-B subunits. Upon inflammatory stress the cells elicts inflammatory responses via MAPKs signaling pathway. It regulates various cellular activities like gene expression, mitosis, programmed cell death, etc. The phosphorylation of MAPKs act as switch for tuning the activation of target protein on/off[44,45].

Natural products have long been recognized as an important source of therapeutically effective medicines. It is recognized that natural-product structures have great chemical diversity, biochemical specificity and other molecular properties that make them favourable lead structures[46]. There are several plant compounds which can be used to target this pathway. We have recently published our research paper on Robinin a bioflavonoid from Vigna unguiculata leaf[47,48] which selectively modulates TLR/NF-B signaling pathway in oxidized LDL induced human peripheral blood mononuclear cells[49]. Targeting of TLR4/MAPKs signaling pathway (Figure 1) is very essential for the therapeutic inhibition of atherosclerosis. The activation of TLR4 in turn activates cascades of proteins and IKK dependent phosphorylation of IB. There is also an activation of MAPKs which contribute to the dissociation of IB and the nuclear translocation of NF-B p65 subunit (Figure 1) resulting in the activation of key inflammatory cascade through MAPKs/NF-B signaling pathway. Hence we can target the TLR4/MAPKs signaling pathway at different places in the signaling pathway as indicated in the proposed mechanism in Figure 1. Hence, Identification of naturally occurring phytocompounds that can suppress or downregulate TLR4/MAPKs signaling pathway would be an efficient strategy for inhibition of atherosclerosis

CONCLUSION

The inhibition of atherosclerosis is one of primary target for the therapeutics of atherosclerosis, the leading cause of death worldwide. The important role of TLR4 in the activation and progression of atherosclerosis is justified here. The TLR4 in turn activates the MAPKs and NF-B which are responsible for most of inflammatory events. Hence, therapeutic inhibition of TLR4/MAPKs signaling pathway is one of the best method for inhibiting atherosclerosis.
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Figure 1  Proposed mechanism of toll-like receptor 4/mitogen activated protein kinases signaling pathway and its suitable targets for therapeutic inhibition of atherosclerosis. The activation of toll-like receptor 4 (TLR4) receptor by various external stimulus leads to the transmittance of signal from cell surface to interior. The TLR4 in turn activates cascades of proteins and finally activates the IKK dependent phosphorylation of IB and also there is an activation of mitogen activated protein kinase (MAPKs) which also contribute to the dissociation of IB and the nuclear translocation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-B) p65 subunit, thereby activating key inflammatory cascade activation by MAPKs/NF-B signaling pathway to induce toxicity by activating different inflammatory parameters. Hence we can target the TLR4/MAPKs signaling pathway at different places in the signaling pathway which indicated in the diagram. IKK: IB kinase: JNK- c-Jun N-terminal kinases: ERK: Extracellular signal regulated kinases; MEKK1: Mitogen-activated protein kinase kinase kinase 1.
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