
[image: cover]


[image: ]

[image: ]






	Review Article


	J Tumor Med Prev





	Volume 1 Issue 1 - April 2017

	Copyright © All rights are reserved by Damodar Gupta









Role of Toll like Receptor(s) in Tumor Biology 

Sweta Sanguri and Damodar Gupta*

Division of Metabolic Cell Signaling Research, Institute of Nuclear Medicine & Allied Sciences, India

Submission: March 10, 2017; Published:    April 24, 2017

*Corresponding author:     Damodar Gupta, Division of Metabolic Cell Signaling Research, Institute of Nuclear Medicine & Allied Sciences, Brig. SK Mazumdar Marg, Defence Research and Development Organization, Ministry of Defence, Delhi 110054, India, Email:  damodar.gupta@gmail.com


Abstract

Toll like receptors belong to a family of specialized immune receptors that highly conserved and specific for their ligands. TLR signaling can identify specific pathogen and can induce expression of inflammatory cytokines, chemokines, initiate opsonization and phagocytosis, elicit reactive oxygen/nitrogen species production, activate the complement pathway etc. to get rid of it. Apart from its unquestionable role in pathogen recognition and neutralization, TLRs can also identify altered self-proteins including those expressed by transformed cell. Agonists of toll like receptors, both of natural or synthetic origin have been exploited for their ability to elicit and/or potentiate anticancer response alone or when combined with available treatment regimes. TLR agonist mediated activation of immune cells (lymphocytes, leukocytes etc.) and production of inflammatory mediators leads to the generation of cellular (adaptive) immune responses that hold promising applications against cancer progression. TLRs are expressed in cells of immune system including dendritic cells (DC) and macrophages, natural killer cells, cells of the adaptive immunity (T and B lymphocytes), and epithelial, endothelial, fibroblasts of different tissues. Tumor cells also express TLR, however, differential TLR expression in different cancer cell type leads to conflicting response(s) after activation with TLR agonists, which can be protumor or antitumor. TLR mediated inflammatory response(s), anti-apoptotic potential and epithelial regeneration properties may promote carcinogenesis. Moreover, several mechanisms including the induction of eTregs and abrogation of CTLs help the tumors evade cancer immune-surveillance. Therefore, a TLR agonist need to be selected for cancer therapy, based on the tumor microenvironment and a rigorous calculation of effects on immune cells, including T cell population (enhance effector and memory CTL activity, reduce eTreg function).
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Introduction


TLRs belong to the pattern recognition receptors (PRR) family that is known to sense both self and non-self danger signals [1]. They are crucial and important components of innate immune system, and act as first line of defence against different potential pathogens [2]. TLRs recognize broad classes of molecular structures including the lipopeptides, lipoteichoic acids, lipopolysaccharides, peptidoglycans, zymogens, mannans, flagellins, viral and bacterial nucleic acids etc. They initiate signal transduction cascades resulting in induction of inflammatory cytokines like the interferons, the interleukins- 1L2, 1L6, 1L8, 1L12, 1L16, and TNF- α (as one of the responses) to get rid of unwanted organisms, pathogens and transformed selftissues to maintain cellular homeostasis [3,4]. 1n addition, TLR signaling can trigger apoptosis, opsonization and phagocytosis, induction of reactive oxygen/nitrogen species, activation of the complement pathway etc. depending on the ligand (pathogen) sensed [5]. Furthermore, activation of TLRs is also known to activate intracellular signaling pathways resulting in activation of transcription factors including NFkB, MAPK etc. NF-kB regulates expression of anti-apoptotic genes, cytokines and growth factors [6]. Eleven different TLRs have been identified in humans till date and the TLR signaling is well studied and documented [7]. Various TLRs identified till date are summarized in Table 1 [8-12]. TLRs also play an important role in the initiation of adaptive immune responses [13]. Pathogen (ligand) specific adaptive immunity develops due to activation of antigen presentation, TLR-dependent expression of pro inflammatory cytokines and up regulation of co-stimulatory molecules [14]. Moreover, T lymphocytes also express selective TLRs and can be directly activated by their respective ligands [15]. Toll-like receptors have also been shown to be an important link between innate and adaptive immunity [5,13,14].



TLR signaling plays differential role in maintenance of cellular homeostasis and the results include cell proliferation or apoptosis, cell differentiation, as well as induction of different chemokines, inflammatory cytokines including interleukins and interferons [16,17]. Both the innate and acquired immune system has precise role in rendering protection to organism from foreign pathogens and altered self-tissues while sustaining immune- tolerance to normal self-tissues. TLRs play twin, but contrasting role in tumor biology. They are capable of maintaining antitumor environment by eliciting activation of anti-tumor mediators such as type I interferon [18]. Remarkably, TLRs are even documented to play supportive role for initiation, progression and metastasis of cancer [19,20]. Since, transformed tissues are altered self-derived tissue, and therefore sometimes can evade immune- surveillance. In the present review, we briefly review role of TLR signaling in tumor biology 


TLR Signaling





Table 1:    TLR ligands and roles in cancer progression.
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TLR: Toll like Receptor; HMGB1: High Mobility Group Box 1 Protein; LPS: Lipo Poly Saccharide



 TLRS are trans membrane proteins that trigger the signal transduction cascades after interaction with specific pathogen- associated molecular patterns (PAMP) ligands and play a critical role in innate and adaptive immune responses [5]. TLR1, TLR2, TLR4, TLR5, TLR6, and TLR11 are located on the cell surface and TLR3, TLR7, TLR8, and TLR9 are localized to the endosomal/ lysosomal compartment [21]. The cellular distribution patterns of TLR is complex; TLRs are expressed on the membranes of dendritic cells, macrophages, natural killer cells, cells of the adaptive immunity (T and B lymphocytes) and non-immune cells (epithelial, endothelial cells, and fibroblasts). TLR1, predominantly distributed in monocytes/macrophages and PMNs. TLR2 can be found on professional immune cells, including neutrophils, macrophages, and dendritic cells, but also on stromal cells throughout the body. In human naive B cells, most of the TLRs are expressed at low to undetectable levels, but TLR9 and
TLR10 expression is highly increased following B-cell receptors (BCR) triggering where as memory B cells express several TLRs at constitutively high levels. TLRs can be activated by various PAMPs and are summarized in Table 1. TLRs forms noncovalent dimers; TLR2 forms heterodimers with either TLR1 or TLR6, while the other TLRs forms homodimers. The cytoplasmic domains of TLRs are called Toll/Interleukin-1 receptor (TIR) domains, because of their homology with interleukin-1 Receptor (1L-1R) signaling domain [3]. The activation of the TLR receptor by specific ligands recruits an adaptor protein via TIR domain of TLRs. Specific adaptor proteins include MyD88, Mal (MyD88 adaptor-like)/T1RAP (TIR domain-containing adaptor protein), TR1F (TIR domain-containing adaptor inducing interferonbeta), TRAM (Trif related adaptor molecule), and SARM (SAM and ARM containing protein). Binding of adaptor proteins leads to the downstream activation of different transcription factors including MAP kinases (JNK, p38 MAPK) and NF-kB. Activation of My D88-independent pathways occurs via TR1F and TRAF3. TLRs activate the conserved MyD88-dependent pathway leading to IKK complex and AP-1 activation, which are responsible for inflammatory responses. TLRs recruits differential adaptor leading to variations in the expression of downstream signaling effectors [16,21]. An overview of TLR signaling is briefly illustrated in Figure 1.
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Figure 1:     Toll like receptor signaling pathways Toll-like receptors (TLRs) recognize distinct pathogen-associated molecular patterns and play a critical role in innate immune responses. 11 members of the TLR family have been identified till date. The activation of the TLR signaling pathway originates from the cytoplasmic TIR domain that associates with an adaptor, MyD88. IRAK-1 is activated by phosphorylation and associates with TRAF6, thereby activating the IKK complex and leading to activation of MAP kinases (JNK, p38 MAPK) and NF-kB. Activation of MyD88- independent pathways occurs via TRIF and TRAF3. TLRs also mediate alternative pathways by utilizing a specific combination of adapter molecules to mount appropriate immune responses [7].


 



TLR Mediated Functions in Innate and Acquired Immunity


TLRs detect the presence of invading pathogen, recognize pathogen type and elicit an immediate pathogen specific response [7]. TLRs present in dendritic cells (DC) and macrophages persistently detect non-self molecular patterns (pathogen) from the external environment viz. skin and mucosal surfaces [13]. Cells of peripheral blood and lymph including natural killer cells, cells of the adaptive immunity (T and B lymphocytes) etc. constantly explore the internal environment. Epithelial, endothelial cells, and fibroblasts also express TLRs and sense invasion of pathogens [15]. Recognition of specific pattern of invading pathogen by TLR is associated with instantaneous production of specific pro-inflammatory cytokines and chemokines. TLR signaling induces chemotactic molecules and initiate recruitment specific leukocyte (neutrophils, macrophages, and NK cells) with unique effector functions (reactive oxygen radicals, antimicrobial peptides, phagocytosis and cytokines, and perforin-mediated killing) [22]. Consequently, innate responses have the potential for causing significant tissue damage, locally and systemically and can lead to acute or chronic inflammatory disease states [23].


Toll-like receptors have also been shown to be an important interface between the two types of immune responses [5,13,14]. Antigen presenting cells, primarily dendritic cells are important connecting link between innate and adaptive immunity. Presence of TLR ligands induces TLR-dependent gene expression of inflammatory cytokines and co-stimulatory molecules leading to maturation of immature DC, T helper or cytotoxic T cells subset activation and differentiation [5,14,16]. B and T lymphocytes themselves express TLRs and can be directly activated by their respective ligands [15]. TLRs stimulate adaptive response with effector functions appropriate to the type of pathogen. Presence of different set of TLR decides cellular response to pathogen exposure and TLR agonists can produce strikingly different responses when administered by different routes.



TLR Agonists: Role in Cancer Progression



Toll-like receptors have also been shown to be an important interface between the two types of immune responses [5,13,14]. Antigen presenting cells, primarily dendritic cells are important connecting link between innate and adaptive immunity. Presence of TLR ligands induces TLR-dependent gene expression of inflammatory cytokines and co-stimulatory molecules leading to maturation of immature DC, T helper or cytotoxic T cells subset activation and differentiation [5,14,16]. B and T lymphocytes themselves express TLRs and can be directly activated by their respective ligands [15]. TLRs stimulate adaptive response with effector functions appropriate to the type of pathogen. Presence of different set of TLR decides cellular response to pathogen exposure and TLR agonists can produce strikingly different responses when administered by different routes.



TLR Agonists: Role in Cancer Progression



Local irritation and chronic inflammation enhances tumor development and progression, and is known to promote survival, proliferation and migration of cancer cells [22]. TLR mediated inflammation; anti-apoptotic and wound healing (epithelial regeneration and myofibroblast activation) properties may together or independently promote carcinogenesis [24]. The inflammatory process is initiated in order to heal the affected tissue. It has been shown that TLR2 (4q32) and TLR4 (9q33.1) genes are highly polymorphic in nature [25]. The polymorphism causes differential inflammatory response by changes in protein expression or function and can influence the progression of several cancer types. Intestinal tissue is in contact to several microorganisms and in a condition of heightened inflammatory response. Polymorphism of genes involved in the inflammatory and immune responses may contribute to an increased risk of developing cancer. TLRs are expressed in macrophages and other myeloid cells, which are found in solid tumors [23]. M2 macrophages along with myeloid-derived suppressor cells have been documented to contribute in immune suppression in the tumor microenvironment. TLRs influence expression of IL-4, IL-13, IL-10 and M-CSF that induce tumor-promoting M2 macrophages and reduce cytotoxicity of M1 macrophages. Both these events can contribute to immune evasion of tumor cells. Effector T (eT ) with a CD45RA-Foxp3++CCR4+phenotype are the regulatory T (Tre ) cells with the most potent immunosuppressive activity [26]. eTregs counteract the CTL responses either through cell contact or by secreting suppressive cytokines. TLR4 and TLR5 are known to directly enhance eT function; TLR8 signals abolish their suppressive activities. A synthetic bacterial lipoprotein (BLP), has been shown to effectively abrogate eTreg function [2 7]. TLR1/2 agonists have been proposed to be exceptional candidates for cancer immunotherapy clinical trials. TLR ligands and roles in cancer biology have been briefly illustrated in Table 1. US-FDA and equivalent agencies worldwide approved TLR agonist has been summarized in Figure 2. 
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Figure 2:     US-FDA and equivalent agencies worldwide approved TLR agonists for use in humans for antineoplastic effects as standalone (BCG) or combination therapeutic intervention. BCG is an attenuated variant of Mycobacterium bovis (TLR2/TLR4 agonist), Picibanil (OK- 432) is a lyophilized preparation of Streptococcus pyogenes (a mixed TLR2/TLR4 agonist), monophosphoryl lipid A (MPL) is a derivative of Salmonella minnesota LPS employed as immunological adjuvant, imiquimod (TLR7 agonist) is an imidazoquinoline derivative [23,37].



 
TLR Agonists: Role in Anti Tumor Therapy



Cytotoxic T lymphocytes play a pivotal role in tumor immune surveillance by specifically recognizing and killing tumor cells and maintaining tumor-specific immune memory [23]. However, cancer cells are self-derived and generally poor immunogens; can bypass immuno-surveillance by lack of antigen-specific T cell responses [22]. A variety of mechanisms including the induction of eT help the tumors evade the elimination and equilibrium phases of cancer immuno-editing [20,22]. TLR agonists are identified as powerful immune adjuvants for antigen-presenting cells (APC) activation. Activation of APCs through TLRs has been exploited by numerous traditional chemotherapeutic drugs that trigger innate and adaptive immune activation [23]. Bacterial lipoprotein (BLP) has been shown to mediate tumor regression by abolishing eTregs function [27]. TLR agonists trigger rapid and coordinated modulation of immune response including activation of immune cells (lymphocytes, leukocytes etc.), production of inflammatory mediators, chemokines, cytokines that leads to the generation of cellular (adaptive) immune responses [28]. These events hold promising applications for the treatment of inflammation and cancer [29,30]. An ideal therapeutic TLR agonist has been proposed to enhance effector and memory CTL activity, reduce eTre function and not encourage tumorigenesis [27]. Several TLR agonists are currently being investigated for their antitumor efficacy and are currently under different stages of drug development [31]. However, BCG is the only US-FDA approved TLR agonist as a standalone therapeutic intervention. TLR agonists are increasingly explored for their ability to enhance immune responses against tumors and infectious agents [32]. They have an ability to stimulate APCs resulting in activation of tumor-specific T cell responses [20]. Thus, selective down regulation of eTre function, coupled with the promotion of cytotoxic T lymphocyte (CTL) activity, may represent an attractive strategy for future cancer immunotherapy [27]. TLR2/4 agonists have been shown to induce TNF-a secretion, inducible nitric oxide synthase expression, activate dendritic cell traffic and cytotoxic T-cell responses [33]. US-FDA and equivalent agencies worldwide approved TLR agonists for use in humans against cancer have been summarized in Figure 2 [28].



Synergistic Application of TLR Agonist and Other Cancer Therapies


Radiation therapy is a conventional antitumor strategy that kills cance cells by damaging their DNA directly or indirectly,through generation of ROS. Damage to the DNA, can elicit activation of DNA repair pathway or cell death pathway based on the extent of damage and chances of DNA repair. Exposure of living cells to ionizing radiation can result in several biological effects that can be acute or chronic, somatic or hereditary, stochastic or deterministic in nature [34,35]. Radiation mediated ROS causes extensive damage to important biomolecules including lipids, phospholipids along with protein components [36,37]. ROS mediated oxidation of biomolecules compromises structure, integrity and biological function of important cell organelle ultimately driving cell to undergo mitotic catastrophe or cell death [38]. Conversely, radiation therapy also causes extensive damage to normal cells and research is directed towards identification of efficient radio sensitizers and radio protectors that would decrease the clinical dosage of radiation [28]. Focused damage to cancer cells by synergistic application of TLR or combination of different TLR agonists have been increasingly explored and shown to possess protective efficacy in normal cells, include a synthethic flagellin, CBLB502TLR 5 agonist [39,40]. CpG ODN, a TLR9 agonist in combination with radiotherapy has also been shown as a promising strategy possessing potent immuno stimulatory effect [41].



TLR agonists along with combined treatment of chemotherapeutics to tumor cells has also been extensively explored to get higher efficacy of antitumor effect compared in  lesser clinical dosage of chemotherapeutics [20,42]. Activation  of different TLRs plays opposing roles, both antitumor or protumor based on the activation of TLRs on immune cells (or cancer cells themselves), induction of differential cytokines or/ costimulatory molecules on APCs (or tumor cells), effects on T cell proliferation and differentiation etc [20,26]. Motolimod, is a toll-like receptor 8 (TLR8) agonist currently in multiple clinical trials in combination with chemotherapeutics and monoclonal antibodies. It has been shown to mobilize a patient's own immune system to stimulate an immune response in the tumor microenvironment [29]. The activation of myeloid dendritic cells by motolimod leads to an immune cascade that recruits other immune cells including NK cells and T lymphocytes that enhance tumor cell killing [29,30].


Oncolytic virus (OVs) causes selective tumor cell lysis and induces immunogenic (necrosis, pyroptosis and autophagic) cell death. The lysed tumor cells release cellular proteins, that acts as DAMP and initiate innate and adaptive immune response(s). TLR agonists have also been shown to possess promising potential in potentiating anticancer cancer response when combined with oncolytic viral (OV) therapy [43]. TLR agonists are also currently investigated as vaccine adjuvants in anticancer therapies for their ability to activate immune cells and promote inflammation. Agonists of TLR2 (BLP), TLR3 (Poly I: C), TLR4 (MPL), TLR7 (resiquimod and imiquimod) and TLR9 (CpG ODNs) have been shown as potent cancer vaccine adjuvants and as immunotherapeutic agents [31,44].
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Figure 3:  TLR agonists as an antitumor agentto induce potent anticancer responses. The TLR agonists should kill tumor cells directly and/ or prevent tumor proliferation. It should activate APCs, inhibit eTR cells, induce proliferation of CTL and increase cytotoxicity of tumor cells [15].

 

 


Discussion and Conclusion



Decreased propensity of altered cells for apoptosis contributes to tumor formation and immune evasion helps in its progression. The present commodities against cancer include chemotherapy, radiotherapy and immunotherapy. Besides, narrow therapeutic index and intense side effects to normal cells other phenomenon exhibited commonly include tumor relapse, and tumor drug resistance. Development of anticancer therapies with agents with high with little or no toxicities to normal cells is inevitable. TLR agonists have been extensively known to exert immunomodulatory effects as a standalone therapeutic agent or in boosting therapeutic anticancer response(s) when combined with other treatment regimes against cancer [28,31,32,42]. However, activation of TLRs has been known to exert both antitumor and protumor response(s) in different types of cancer Different cancer cells have been reported to express different TLRs. On stimulation, TLR3 and TLR5 on cancer cells generally stimulate antitumor response, whereas TLR4, -7, -8, and -9 primarily induce protumor effects [20]. Alteration in immune stimulation and immunosuppressive characteristics of the tumor microenvironment are the deciding factors for the desired outcome of the cancer therapy. Activation of different TLRs in cancer cells may play conflicting roles and are summarized in Table 1. Moreover, TLR agonists mediated induction of cytokines or/ costimulatory molecules on APCs (or tumor cells) will be an influential factor for the antitumor or protumor response. Figure 3 describes the points to be considered while exploiting a specific TLR agonist against tumor cells. eTreg cells numbers is crucial if we need to provide immunomodulatory treatments that target malignancy without severe adverse events [26].




In this review, we summarized the importance of TLRs and their agonists in tumor biology and their exploitation as a standalone or combination therapeutic for anticancer therapy It is evident that, activation of same TLR on one tumor type might induce cell death, and on a different tumor could exert protumor effects. Selection of TLR agonists against cancer must be done on the basis of TLR expression profile of tumor cells and resulting tumor response within a specific cancer type [20].
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