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Abstract: Inflammation is an inductive response stimulated by foreign pathogens or infection which trigger host defence machinery 

for the recruitment of immune components to the site. However, the mechanisms, context, and significance of inflammation throughout 

normal immune responses and pathology, on the other hand, is constantly evolving. Toll like receptors (TLR) are receptors on the cell 

surface and plays pivotal role in innate immune system. It recognizes various microbial components and induce a signalling cascade 

that drives the expression of inflammatory cytokines genes. In addition, DUBs play key role in modulation TLR mediated inflammatory 

responses and are known to be regulator of various cellular events. Studies showed that Ubiquitin specific peptidase (USP) to be 

involved inflammation via TLR mediated pathway. Studies regarded TLRs and USPs was not fully understood. Here we explained 

structure and function of both TLRs and DUBs. Also, we have highlighted the TLR mediated DUBs inflammation and their possible 

therapeutic targets.  
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1. Introduction 
 

Immune system is an immensely versatile biological 

mechanism that protects animals from invading foreign 

pathogenic antigens. It actuates wide varieties of cells and 

generates molecules, especially small peptides, capable of 

specific recognition and elimination of foreign microbes in a 

dynamically regulated and complex network system. The 

pioneering stages of observations from the historical 

perspective of immunological concept has started around 

430 BC when Thucydides has categorically mentioned that 

“only who has once recovered from plague could be able to 

physically nurse the fresh plague patients as they wouldn’t 

be infected for the same disease again. ” First experimental 

attempt to develop immunity was in fifteen centuries when 

Chinese and Turk scientists tried to insert pustules of 

smallpox infected individual into a healthy individual, a 

process called “variolation”. In 1978, English physician 

Edward Jenner took this concept significantly farther when 

he inoculated a young boy with fluids from pustules of 

smallpox infected individual and later, he intentionally 

infected the young boy with smallpox virus. In agreement to 

his anticipation, the boy didn’t develop the disease. The 

series of above observations and experimentations are the 

pioneering steps towards understanding molecular 

immunology what has been developed in present day 

research.  

 

Functionally immune system is categorized into two broad 

components.1) Innate immunity - the first line defence 

barrier for microbes exists even before the first infection. Its 

response timing is rapid but non - specific whereas, 2) 

Acquired immunity develops after exposure to a foreign 

pathogen. It shows target specificity and subsequent 

exposure to same antigen triggers memory response as a 

result of which efficiency to clear the infection increases 

vigorously thereafter. Innate immunity comprises of 

physical barriers like skin, epithelial membranes, blood 

proteins of complement system and different cell types such 

as phagocytes (macrophages, neutrophils), dendritic cells 

and natural killer (NK) cells whereas unique components of 

acquired immunity are lymphocytes (B - cells, T - cells) and 

its secreted cytokines or chemical mediators. Apart from 

inducing an immune response it is vital for immune system’s 

ability to distinguish self from non - self. Despite having 

significant differences in mechanism, innate and adaptive 

immunity are component of a highly integral system where 

numerous cells and molecules work in a cordial manner.  

 

Inflammation ordinarily regarded as due to infection of 

microbes but many at times it is possible inflammation is 

triggered by host immune response to the pathogen [1]. 

Infection is a pathological aspect which is well appreciated 

in various host - pathogen interactions but physiological 

aspect is very less understood. Dissecting the 

pathophysiological mechanism in inflammation triggered by 

pathogens could take us a way forward in exploring the 

disease related to inflammation. Innate and adaptive immune 

response to pathogens triggers inflammation in host cells. 

The range of inflammation varies with regard to 

pathogen/injury and imbalances in tissue homeostasis 

leading to acute and chronic inflammation respectively. 

Chronic inflammation is wide spread largely in CVD, type II 

diabetes, cancer etc. Host defence mechanism is quite 

natural in case of any infection/ injury but in many cases 

most of the complications arouse due to chronic 

inflammation that perhaps contributed by dysregulation in 

tissue homeostasis/inflammation machinery.  

 

Basically, inflammation is triggered by infection/ injury 

involves recruitment of blood components such as 

macrophages and mast cells to the site of infection. The 

physiological role of host immune cell - pathogen interaction 

is well explored. One of the focal points of understanding is 

microbial recognition by resident macrophages and mast 

cells results in modulating the production inflammatory 
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cytokines, chemokines, adapters and mediators of 

proteolytic cascade. The inflammatory pathway generally 

consists of inducers, sensors, mediators and effectors. 

Macrophages play an important role in production of pro - 

inflammatory cytokine and chemokines which result in 

inflammation. Macrophages are the result of bone marrow 

haematopoietic stem cells (HSC) and are distributed 

throughout the immune system with diversified functions. It 

is present in all vertebrates’ tissues from mid - gestation 

throughout life, constituting a widely dispersed organ 

system. Macrophages are activated by several membrane 

embedded surface receptors which facilitates downstream 

signalling cascade, also by crosstalk of signalling pathways. 

Here the main focus is to review TLR mediated macrophage 

inflammation promoted by deubiquitinase.  

 

Majority of the cellular protein undergoes Post Translational 

Modification (PTM) by ubiquitin enzymes [2] and 

phosphorylation, acetylation, methylation, sumoylation and 

glycosylation to modulate their activities. This versatile 

nature of ubiquitin due to its lysine residues (K6, K11, K27, 

K29, K33, K48, K63) and Methionine at the N - terminal 

serves as linking site for another Ub leading to formation of 

polyUb chains [3]. Lysine linked cleavage is specific in few 

class of DUBs, such as MINDY shows selective cleavage K 

- 48 linked Poly - Ub [4] ZUFSP1/ZUP1 cleaves selectively 

K - 63 chains [5] where other DUBs cleaves all types of 

Poly - Ub [6]. Approximately 100 DUBs reported and 

classified into five distinct families [7, 8], other two families 

MINDY family [9] and ZUFSP family [5]. The members of 

DUBs in human are divided into seven families: Ubiquitin 

specific proteases (USPs), Ovarian tumor proteases (OTUs), 

Ubiquitin C - terminal hydrolases (UCHs), Machado - 

Josephin Domain proteases (MJDs) [7], Motif interacting 

with ubiquitin containing novel DUB family (MINDY) [9], 

Zinc finger containing ubiquitin peptidase 1 (ZUP1) [5] and 

Jab1/Mov34/Mpr1 Pad1 N - terminal+ (JAMM) [10]. These 

further divided two categories: Six are cysteine (thiol) 

proteases (ZUFSP, MINDY, UCH, USP, OTU and 

Josephin) and one is metalloprotease (JAMM) binds to Zinc. 

Proteins are ubiquitinated by ubiquitin machinery which 

consists three enzymes: Ubiquitin conjugating enzymes 

(E2s), ubiquitin activating enzymes (E1s) and Ubiquitin 

ligases (E3s) [11] together regulate function and stability of 

the proteins.  

 

The physiological and pathological roles of DUBs explored 

widely. Dysregulation in DUBs activity results into various 

disease state conditions in Humans. DUBs have potential 

role in diseases such as: Neurological, Cancer progression 

and biomarker, autoimmune disorder, etc. Recently, DUBs 

like viral papain like proteases (PLPs) alter the pathways 

involved in severing the infection in SARS - CoV - 2 

reported. Other, members of the virus family also encode 

PLPs such as SARS - CoV PLP, MERS - CoV PLP. Here, 

we mostly focus on the role of DUBs in triggering 

inflammation acting as key mediators in immune signalling 

pathways. DUBs in conjugation other molecules modulates 

inflammation by affecting the assembly and activation of 

inflammasome. Several DUBs reported to modulate the 

inflammasome such as: USP7 and USP47, STAMBP, 

UAF1, A20, etc regulates NLRP3 inflammasome activation.  

 

2. Methodology 
 

This study's research technique involves a complete review 

of available literature. We searched databases PubMed, 

ScienceDirect, and Google Scholar for literature published 

in the last decade on the involvement of Deubiquitinases 

(DUBs) in Toll Like Receptor (TLR) signaling. Articles that 

particularly examined the mechanisms of DUBs and their 

significance in immunological signalling pathways were 

included in the selection criteria. The information gleaned 

from these articles was then analysed and synthesized to 

provide a comprehensive understanding of the subject.  

 

Toll Like Receptors (TLRs) Structure and function 

Toll like receptors are the toll gates to which the 

extracellular molecules binds and leading to cytosolic 

signalling cascade for the production of inflammatory 

cytokines. TLR resembles to type 1 transmembrane family 

member where extracellular (N - terminal) domain consists 

of leucine rich repeats, transmembrane domains span the 

membrane and intracellular domain. Its occurrence was 

reported over the animal kingdom such as Drosophila, 

purple sea urchin, mice and human with a number of 9, 222, 

12 and 10 respectively which serve as Pattern recognition 

receptors (PPRs). In particular humans encode 10 TLRs 

which gets activated upon binding to microbial components. 

Toll protein discovered in dorsoventral development of 

Drosophila melanogaster also has role in immune response 

in it [12]. Structural information reveals that the 

extracellular domain participates in ligand binding and is 

facilitated by ectodomains. The ectodomains present as 

homodimers in TLR 3, 4, 5, 7, 8, 9 and heterodimers in TLR 

1, 2, 6 [13]. Binding specificity of TLRs is greatly 

diversified and that depends on the different microbial 

components. Microbial components (PAMPS/MAMPS) 

detected by TLRs such as two molecules of 

Lipoploysaccaride (LPS) - TLR4 [14], [15], flagellin – 

TLR5 [16, 17], di or tri acylated lipoprotein - TLR2/1, 

TLR2/6 [18], unmethylated two molecules CpG - containing 

DNA – TLR9 [19], Bacterial ribosomal RNA – TLR13 [20], 

ssRNA – TLR7, 8 [21], dsRNA - TLR3 [22], Prolifin 

protein – TLR11 [23]. This collection of TLRs mentioned 

above are not limited to humans rather all organisms. Many 

Human TLR ligand remain to explore such as TLR10 is an 

inactive pseudogene which is result of retrovirus insertion 

[24]. Structural determination of TLR is important to outlet 

the role of TLR in provoking immune response. Out of all 

methods X - ray diffraction and NMR spectroscopy are the 

gold standard methods for protein structure determination 

which are laborious and time consuming. Computational 

approaches in determining the structure starts form 

homology modelling but at some instances it also fails to 

predict the structure of TLRs encoded by 3000 genes 

whereas LRR template assembly methods proved to have 

efficient structure prediction of protein [25]. It has been also 

reported TLR 1 - 5 shares direct homology between human 

and fly which are positioned on chromosome 4 (TLR 1, 2, 

3), 9 (TLR4) and 1 (TLR5) [26]. Evolutionary studies 

indicate the emergence of various TLRs and their ligand 

resulted due to natural selection over the primates [27].  
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TLR 1 and 2  

Toll like receptor 2 (TLR2) mediated inflammation triggered 

by lipoproteins covalently connected through two ester bond 

and one amide exception to gram - negative [28] and only 

two ester bonds in gram positive bacteria [29, 30]. TLR2 is 

specific to lipoprotein but besides lipoprotein, lipoteichoic 

acids, NAM and NAG, phenol soluble modulins, 

lipomannans and zymosans also activates TLR2 [31]. 

Structural anatomy of TLR2 and its ligand reveals to 

consisting of hydrophobic residues from the Leucine Rich 

Repeats (LLR 9 - 12) modules [30]. TLR2 and TLR6 share a 

similar structure and sequence conservation and belong to 

same family. LRR regions of TLRs are conserved motifs 

consist parallel Beta strands and infrequently leucine and 

arginine are replaced by other hydrophobic residues and 

serine, threonine, cysteine respectively [32]. The 

biochemical event that occurs in binding of TLR2 and its 

ligand is not well understood. It has been shown that ester 

bound lipids are inserted between LLR11 and LLR12 loops 

and extended to internal hydrophobic pockets. Activation of 

TLR2 triggered by TLR2 - lipid interaction where TLR2 

ligands such as lipoprotein consists two lipids chains which 

binds to TLR2 and activates inflammatory response. Any 

irregularity in the lipid chains lead to inefficacious TLR 

activation. Its activation is further governed by TLR 2 and 6 

with which dimerize for its activation [30]. TLR1 associated 

core TLR6, TLR2 and TLR10 aids TLR1 for the initiation of 

signalling cascade of TLR1 by heterodimerization on ligand 

binding [33], [34], [35]. The initiation of Signalling cascade 

by TLR1 - ligand complex induces signalling adaptors such 

as TIRAP and Myeloid differentiation primary response 

gene 88 (MyD88) for production of inflammatory cytokines 

through expression of NF - кB [36] [37].  

 

TLR3 

TLR3 recognises double stranded RNA (dsRNA), a 

molecular signature of most viruses and triggers 

inflammatory response. The ectodomains of TLR3 

comprises solenoid like structure and appears as horseshoe 

shape consisting 23 leucine rich repeats (LRR). This 

structure terminated at both the N terminal (LRR - NT) and 

C terminal (LRR CT). TLR3 receptor activation is facilitated 

upon binding of dsRNA results in dimerization of TLR3 

ECD. The interaction can be divided in two events: 

interaction at C terminus LRR19 to LRR21 and assisted but 

few conserved residues such as Asn517, Asn515, His539, 

Asn541 and Arg544 whereas the second interaction is at 

LRR - NT to LRR3 assisted by Glu110, His108, Arg64, 

Ser86, Phe84, His60 and His39 conserved residues. Glu110, 

Ser86, Phe84 and Arg64 also contributed in ligand binding 

to the receptor [38].  

 

TLR4 

Indeed, inflammation plays an important role throughout 

various diseases, one such pathway that induces 

inflammation to bacterial component response is NF - B 

signalling pathway. For activation, TLR4 plays a vital role 

by establishing the interaction with Lipoploysaccaride 

(LPS). Among mammal TLRs, TLR4 is first identified [39]. 

TLR4 - LPS complex initiates downstream signalling by 

recruitment of various adaptors. Strong Receptor ligand 

specific interaction has been suggested due to low 

concentrations [40] as well as high concentration [41] of 

ligand molecules. TLR4 is stimulated by a specific ligand 

called lipoploysaccaride (LPS) which is embedded in 

bacterial cell wall. LPS encompasses hydrophilic repeating 

O antigen, core oligosaccharide and Lipid A is embedded in 

the glucosamine units of peptidoglycan of bacteria. Lipid A 

represents as main stimulant for TLR4 signalling. 

Ectodomain axillary molecules acts upstream of TLR4 such 

as LPS binding protein (LBP) makes strong contact with 

LPS and CD14. Further, CD14 helps in extracting a single 

molecule of LPS and transfer it to MD2 protein [40]. MD - 2 

consist two antiparallel B - sheets with a molecular weight 

~18kDa, 160 amino acids and devoid of disulphide bonds. 

Similarly, the acute phase protein LBP contains 481 amino 

acids and has significant propensity binding to Gram - 

negative bacteria [42]. The ectodomain TLR4 - MD - 2 

heterodimers forms a functional receptor for LPS in 

macrophages. In cells like B cells RP105 with MD - 1 co 

receptors upon binding to LPS stimulates TLR4 activation 

and promotes inflammatory response against LPS [42]. In 

this heterodimer hydrophobic pocket of MD - 2 interacts 

with five acyl chains of hexacylated lipid A and the 6th one 

interacts with another TLR4. Lack of at least five acyl 

chains leads to weak interaction and finally weakened 

inflammatory response [14]. The sequential ectodomain 

events TLR4 downstream signalling includes Myddosome 

and Triffosome as adaptor seeded by TIRAP/MAL and 

TRAM respectively. It makes TLR signalling cascade 

unique among all TLRs. MyD88 is a member of IRAK1 

family of serine threonine kinase that occupy core of the 

myddosome. In vitro study shows the interaction of MyD88 

and IRAK1, IRAK2 represented by six to eight molecules of 

MyD88 interact with each IRAK1 and IRAK4. In vivo 

stoichiometrices remains unclear  [43]. Oligomerization of 

MyD88 appears due to interaction between C - terminal TIR 

domain of MyD88 and TIR domains of TLRs and 

TIRAP/MAL. Further, MyD88 consist N - terminal death 

domain and TIR proteins in its core. The stochiometry of 

IRAK1 and IRAK2 in Myddosome differ in mice and 

human  [44]. The next cascade is initiated by through 

driving autophosphorylation by activating latent kinase 

activity of IRAKs within Myddosome and subsequent 

recruitment of the E3 ubiquitin ligases TRAF6  [45],  [46],  

[47]. Two transcriptional responses stimulated by TRAF6 

are: activation of TAK1 which stimulates IKк (IKK) 

mediated NF - кB and mitogen activated protein kinase 

(MAPK) mediated AP - 1 transcriptional response  [48],  

[49]. An IKK – related kinase TBK1 and its substrate kinase 

AKT stimulates induction of glycolysis activation by 

phosporylation of hexokinase within minutes of TLR 

activation. TRAF6 activities such as myddosome activation, 

transcriptional response, glycolysis remains mysterious but 

E3 ubiquitin ligases pellino - 1 and - 2 function resembles 

TRAF6 function  [50],  [51]. In case of triffosome it 

functions as a SMOC in the TLR pathway  [52] upon LPS 

detection by dimerized TLR4 on membrane of endosome. 

TRAF6 interacts with TRIF and TRAF3 dependent 

activation of the kinase TBK1 which induce IFN expression. 

It also induces glycolysis in similar way within myddosome. 

The highlighted point here is due to identification of a 39 

amino acid Plxis Motif present within TRIF results in TBK1 

mediated IFN response. This motif interacts with IFN 

inducing transcription factor IRF3 open phosphorylation by 

TBK1. Further triffosome dependant respond is restricted to 
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TLR4 where TBK1 - TRIF3 enzyme substrate complex 

leads to activation of IRF3 and expression of IFN.  

 

TLR5 

TLR5 Induces inflammation in epithelial cells by crosstalk 

with Notch1 signalling pathway  [53]. It interacts with 

flagellin of the Gram Negative uropathogenic bacteria which 

activates TLR5 signalling cascade  [42]. Initiation of TLR5 

signalling activates the adaptors which results in 

consequence of production inflammatory cytokines  [54]. 

TLR5 signalling proceeds further upon ligand binding 

adaptors such as MyD88, TRAF6, NF - кB [55] for the 

production of pro - inflammatory and Pro - labour cytokines 

and chemokines  [56]. Inflammation is triggered by TLR5 

and its deficiency ceases the production of long 

inflammatory cytokines. Upon ligand binding TLR5 

increases the Urokinase Plasminogen Activator (uPA) 

expression in dental pulp cells via NF - кBand MAPK 

signalling pathways  [57]. The lightened and receptor 

binding interior 4 have a pivotal role in initiating the 

signalling pathway. The domains of flagellin Core consists 

of three domains D1, D2, D3. Looking into the anatomy of 

the D1 domain comprises 3 Alpha helix and a beta hair pin 

that is predominantly conserve and has important role in 

assembling fliC subunits and their polymerisation into a 

helical filament. The ectodomain events of TLR5 system 

signalling cascade involves the interaction of D1 domain of 

flagellin from LRRNT to LRR9. The dimerization of TLR5 

leads to stabilization of this homodimer structure upon 

ligand binding.  

 

TLR 6  

TLR6is embedded in cell membrane and functioning as 

heterodimer with TLR2 - TLR6 and TLR4 - TLR6  [58]. 

Structural anatomy reveals hydrophobic pockets consists 

two huge phenyalanine amino acid residues. Ligand and 

signalling cascade of TLR6 shares with its corresponding 

heteromonomers i. e. TLR2 and TLR4. In case of TLR4, 

TLR4 - TLR6 - CD16 ectodomain complex is formed which 

is the result of heterodimerization  [59]. TLR2 - TLR6 

heterodimer formation has some unique changes. Here, 

instead of triacylated lipopeptides (three lipid chains) TLR2 

- TLR6 complex recognises diacylated lipopeptides activates 

TIRAP adaptor and induction NF - кB expression by 

MyD88 - mediated pathway results in the production of 

inflammatory cytokines  [54].  

 

TLR 7  
TLR7comprises two ligand binding pockets which bind to 

bacterial and viral (GU rich) single stranded (ss) RNA. At 

high concentration of ligand TLR7 dimerises. The binding 

sites assist each other for the ligand binding and TLR7 

homodimerization. A structural feature reveals that first 

binding site is promoted by second binding site  [42]. The 

propensity of binding to Guanine of ssRNA to first binding 

site assists by second binding site. Taken together TLR7 

activates the MyD88 - mediated signalling pathway leading 

to production of Type - I interferon (IFN) production by 

activation of IRF5 and IRF7  [54, 60] 

 

TLR 8 

TLR8 forms homodimers on binding to ligand appears as 

horseshoe like external ectodomain comprises the highest 

LRRs domains among identified TLR. TLR8 comprises two 

binding sites (LRR 11 - 14 and LRR 16 - 18). Specific 

ligand binds to TLR8 are bacterial and viral (GU rich) 

ssRNA, free uridines, mostly it recognises guanosine rich 

single - stranded RNA (ssRNA). Between LRR 14 and 15, 

TLR8 consist a z loop comprising ~40 amino acids. Z - 

Loop is structurally characterized by an Alpha helix which is 

stabilized by disulfide bonds. Thus, Z - loop plays an 

important role in identification of single stranded RNA. 

TLR8 induced the expression of IRF7 and IRF5 through 

MyD88 - dependent pathway leading to the production of 

Type - 1 Interferons and cytokines respectively  [42].  

 

TLR 9 

TLR9 appears as horseshoe like domain comprises of 25 

LRRs. Like TLR 7 and 8 it also consist a Z - loop present 

between the LRR 14 and 15. It detects pathogenic CpG 

DNA within endoysosomal structures. TLR9 mounts 

acquired and innate immune response by its signalling 

cascade. It has implicated in systemic lupus erythromatosus 

(SLE) pathogenesis. TLR9 role is spread across various cells 

such as pDC, CDC and B - cells. After ligand stimulation 

TLR9 signalling cascade results in production of cytokines 

such as TNF - alpha IL - 6 and 12 through induction of 

transcription factors. Nuclear factor kappa b and activated 

protein (AP1) the host immune responses such antimicrobial 

response, cytotoxicity and antigen presentation, etc are the 

key results of TLR9 stimulation  [61].  

 

TLR 10  

TLR consists of leucine - rich repeats (LRRs), a 

transmembrane domain and a cytoplasmic Toll/interleukin - 

1 receptor homology (TIR) domain. TLR10 considered as 

orphan receptor due to its unknown ligand. It appears as 

heterodimer TLR1 and TLR2 and homodimer TLR10. 

Studies show that homology of TLR10 with TLR1and TLR6 

which is well established. The heterodimers TLR1/2 - 

TLR10 capable of binding to bacterial lipoproteins  [62],  

[63] which results in recruitment of MyD88. But no 

activation of transcription detected in TLR10 mediated 

signalling. It is unique among TLR family. Interestingly, 

TLR10 is a negative regulator among the TLR family this 

was revealed in a study where TLR can act as suppressor, 

inhibitor and reducer of responses that is mostly mediated by 

the TLR 2/1. It also acts as antagonistic to TLR responses 

inhibiting the production of IL - 6 and if beta mediated 

TLRs pathway. Surprisingly TLR10 - mediated pathway of 

the cytokine production through process was report it also 

inhibits myddosome and triffosome mediated pathway  [64].  
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Table 1: Toll like Receptors (TLRs) ligands and Adaptors 

TLR Ligands Adaptors 

TLR 1 Triacyl lipoproteins BCAP, MAL (TIRAP), MyD88, SCIMP 

TLR 2 

Atypical lipopolysaccharide (LPS), glycoinositolphospholipids, 

glycolipids, lipoproteins, lipoteichoic acid, zymosans, mannan, 

peptidoglycan, sporozoite, Lipoarabinomannan, porins 

BCAP, MAL (TIRAP), MyD88, SCIMP 

TLR 3 Viral double - stranded (ds) RNA SARM, SCIMP, TRIF (TICAM1) 

TLR 4 Lipoploysaccaride, type 1, and P fimbriae 
BCAP, MAL (TIRAP), MyD88, SARM, SCIMP, 

TRAM (TICAM2), TRIF (TICAM1) 

TLR 5 Flagellin MyD88, TRIF (TICAM1) 

TLR 6 Diacyl lipoproteins, lipoteichoic acid, zymosans BCAP, MAL (TIRAP), MyD88, SCIMP 

TLR 7 Bacterial and viral (GUrich) single - stranded (ss) RNA MyD88 

TLR 8 
Bacterial and viral (GUrich) single - stranded (ss) RNA, free 

uridines 
MyD88 

TLR 9 
Viral and bacterial unmethylated cytosine phosphate guanine - 

dideoxy nucleotide (CpG) DNA, DNA: RNA hybrids 
MAL (TIRAP), MyD88, SCIMP 

TLR 10 
Diacyl lipoprotein, triacyl lipoprotein, viral glycoprotein, 

doublestranded (ds) RNA 
MyD88 

 

Ubiquitination and Deubiquitination 

Several mechanisms are known to regulate TLR signalling 

pathway. Post translational modifications (PTM) of proteins 

such as phosporylation, methylation, acetylation, 

Ubiquitination etc. modulate their function and in turn 

regulate diverse signaling cascade. Like other 

posttranslational modification of proteins, Ubiquitination has 

a key role in the regulation of expression and activity of 

different proteins. Ubiquitination occurs in a series of steps 

each mediated by different enzyme (E1 activating enzyme, 

E2 conjugating enzyme and E3 ligases).  

1) Ubiquitin is activated in a two - step manner. First, 

ubiquitin - adenylate complex is formed and 

subsequently the ubiquitin group is transferred to the 

cysteine residue located in the active site of E1 - 

activating enzyme.  

2) The ubiquitin group from E1 is transferred to E2 - 

conjugating enzyme by transesterification reaction.  

3) Finally, E3 ligase catalyzes the formation of an 

isopeptide bond between the lysine residue of the target 

protein and the C - terminal glycine of ubiquitin.  

 

The following are two very common examples of 

ubiquitination in TLR/IL1R signaling pathway.  

1) TRAF6, an E3 ligase, promotes Lys - 63 (K - 63) linked 

ubiquitination of TAK1 leading to its auto - activation. 

Activated TAK1 phosphorylates IKK complex thereby 

activating downstream NF - B  [65].  

2) The E3 ligaseTRAF7catalyzes Lys - 29 (K - 29) linked 

polyubiquitination of IκB Kinase (IKKγ) and p65/RelA 

protein, tagging them for degradation. This results in the 

repression of NF - B pathway, Hence a negative 

regulator of NF - B pathway.  [66].  

 

Deubiquitinationor removal of ubiquitin from the target 

proteins by a group of proteases known as deubiquitinating 

enzymes (DUBs) plays a crucial role in the regulation of 

several biological processes including the regulation of 

immune responses. For example,  

1) A20, a zinc finger protein, negatively regulates NF - B 

signaling. A20 inhibit E3 ligase activity of TRAF6, 

TRAF2 by antagonizing interaction with E2 ubiquitin 

conjugating enzymes Ubc13 and Ubc5c, leading to 

ubiquitination - dependent degradation of TRAF6 and 

TRAF2  [67].  

2) Deubiquitinating enzyme A (DUBA) is a negative 

regulator of innate immune responses. DUBA cleaves 

the lysine - 63 linked polyubiquitin chain of TRAF3 (E3 

ubiquitin ligase) resulting its dissociation from 

downstream signaling leading to dampened production 

of IFN - b  [68].  

3) Tumor suppressor cylindromatosis (CYLD) is induced 

by TLR2/4signaling, deubiquitinatesE3 ligases, TRAF6 

and TRAF7 and thereby negatively regulates TLR - 

induced immune responses  [69].  

 

Apart from the above few common Structure and functions 

of Deubiquitinase (DUB) family of enzymes we have 

discussed about the recent vast developments regarding the 

role of DUBs in inflammatory responses. 

  

Role of Deubiquitinases in inflammation 

NF - кB is the chief player in modulating the immune 

response through transcription of several genes that regulate 

its inflammation. Ubiquitin specific proteases regulate 

transcriptional activity of NF - кB after the translocation of 

NF - кB into the nucleus. USP7 activity negatively regulates 

the expression of target genes thus representing USP7 is 

critical for the target gene expression through NF - kB 

signalling  [70]. Interaction between NAMO and HSCARG 

down regulates polyubiquitination of NAMO by 

deubiquitinase USP7. Thus, USP7 negatively regulate TNF - 

alpha stimulated NF - кB activity. Nlrp3 in inflammasomes 

activation is censorious component in the innate immune 

response that triggers caspase - 1 activation and production 

of proinflammatory cytokines IL - 1beta/ IL - 18 during 

microbial response and injury. Deubiquitinases USP7 

negatively regulated NLRP3 inflammasome activation that 

is assessed by treatment with P22077 inhibitor of USP7. The 

critical role of USP7 is further demonstrated by inducible 

crisper/cas9 knockout for USP7 which confirms its role in 

NLRP3 inflammasomes activity  [71]. USP7 also modulates 

TLR signalling by the aid of HSBC immediate early protein 

ICPO for its translocation from nucleus to cytoplasm. Here 

USP7 deubiquitinase TRAF6 and IKK gamma results in 

blocking of TLR mediated NF - B and JNK signalling 

cascade activation. Thus, USP7 is a negative regulator of 

TLR mediated inflammation response  [72]. 

Lysophospatidic acid receptor 1 (LPA1) belongs to the G 

protein coupled receptor Superfamily which plays an 
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important role in regulating inflammation. Study shows 

upon knockdown or inhibition of USP11 down regulates the 

stability of LPA1 and resulting in attenuated LPA1 mediated 

inflammatory  [73].  

 

Among all ubiquitin specific proteases, the function of 

USP12 is unveil poorly. Although less reported it has been 

explored in regulating LPS - induced macrophage responses 

through catalytic activity of USP12, which inhibits 

phosphorylation of IKBα to enhance the LPS - induced 

macrophage response through phosphorylation of ERK1/2 

and p38 results in production of proinflammatory cytokines.  

 

Infectious disease (viral and bacterial) response from the 

body is tightly regulated. While in few cases the aberrant 

activation of inflammatory response to the pathogen which 

suppresses the control of immune system. Interferons (IFN) 

are the vital player in provoking inflammatory response that 

defence against microbial response. Further, it establishes 

and modulates transducer and activator of JNK signalling 

and STAT transcription respectively via inducing IFN - 

stimulated genes (ISGs). IFN I, II and III are the critical 

components of host defence system that fortify from viral 

infection and these are believed to modulate by 

deubiquitinase. STAT modulates IFN production it is 

positively regulated by USP13. This suggests that the 

expression level of STAT and USP13 is significantly 

associated  [74].  

 

In spite of several deubiquitinases USP14 plays an inhibitory 

role in proteosomal degradation remained to explore. USP14 

has established its role in regulating NF - кB, similarly it 

also regulates I - kβ. USP14 interacts with phosphorylated 

ReIA and negatively regulate I - kβ level without altering 

IKK - α expression  [75] in lung inflammation. Thus, USP14 

degrades I - kβ which is regulated by overexpression of it 

and promote upon LPS induction resulting in production of 

through NF - кB signalling without altering phosphorylation 

of JNK 1/2  [75]. Upon detection of LPS TLR4 mediated 

signalling triggers NF - кB activation for producing 

inflammatory cytokines. USP15 deubiquitinating activity is 

down regulated by Hrd1 which results in overactivation of 

NF - кB and enhances the production of inflammatory 

cytokines  [76].  

 

Deubiquitinases collaborates with adaptors of signal 

transduction and do regulation in Cancer microenvironment. 

Tumor microenvironment specific leukocyte i. e. 

macrophages are critical for tumor growth and suppression 

of tumour  [77]. These macrophages are called tumor 

associated macrophages. Receptor binding signal 

transduction and responses are the vital steps where the 

Receptor such as TLR, TNFR and IL - 1 induces immune 

response through activating NF - кB and resulting in 

expression of inflammatory genes in Cancer cells  [78].  

 

NF - кB is the critical transcription factor act as a molecular 

switch in regulating various cellular events such as 

inflammation immune response cell proliferation and cell 

death  [79]. TAK1 - TAB2/TAB3 complex is an adaptor 

Complex that facilitates NF - кB activation and transcription 

of inflammation genes. USP19 has shown opposite 

Association with the TAK1 - TAB2/TAB3 complex to 

induce NF - кB. Here TNF - α and IL - 1β induce NF - кB 

activation but USP19 negatively regulate the both inducers. 

Further, hydrolysis of K27 and K63 linked 

polyubiquitination chains of TAK1 results in dissociation of 

TAK1 - TAB2/TAB3 complex along with inhibition of 

phosphorylation of TAK1 Complex and disruption of NF - 

B activation pathway. It has been shown that mice 

deficient with USP19 are more susceptible to septicaemia 

induced by overexpression of TNF - α and IL - 1β 

(31127032). Similarly, TLR3/4 mediated signalling cascade 

negatively regulated by USP19 where USB 19 hydrolyzes 

TRIF K27 - linked polyubiquitination thereby inhibiting 

TRIF recruitment TLR3/4  [80].  

 

USP20 is reversely associated with TRAF6 (tumour necrosis 

factor receptor associated factor 6). Ubiquitination and 

deubiquitination are the two antagonistic events involved in 

modulating different pathway that results in inflammation. 

So, β - arrestin 2, a molecule that is promoted by tlr4 

activation and it loses its activity by USP20 

deubiquitination. Overall USP20 and TLR4 function 

antagonistically to each other to provoke inflammation  [81]. 

The roles of USP20 in regulation of NF - кB activation is 

greatly appreciated and explored. To achieve NF - B 

inhibition USP20 interacts with a set of intermediate of 

TNFR1 (Tumour necrosis factor receptor 1) dependent NF - 

кB activation. USP20 majorly interacts with Cia1, Ubiquitin 

E3 ligase TRAF2, two components of LUBAC, HOIL - 

1interacting protein (HOIP), RIPK1, IKBα and β - arrestin 2. 

Of these, results suggest USP20 act on RIPK1in downstream 

of TNFR1 activation in smooth muscle cells. Taking 

together USP20 impairs TNF and IL - 1R evoked 

inflammatory response by inhibiting NF - кB activation  

[82].  

 

An unexplored deubiquitinase is USP22 involved in a wide 

range of cellular processes. One among is inflammation 

where it has been greatly recognised for its manifested role. 

Inflammation in podocytes is triggered by high level of D - 

glucose which further induces apoptosis. Knockdown results 

revealed that USP22 negatively regulate high D - glucose 

induce apoptosis in podocytes  [83]. This involvement of 

ubiquitin specific proteases is in a myriad of cellular events 

such as virus induced inflammation through Type - I IFN 

signalling. Interaction with TRAF2, TRAF2 and RIG - 1 

with USP25 results in deubiquitination of these 

intermediates. USP25 enzyme activity relies on its cysteine 

(Cys - 178) and histidine (His - 607) residue are the catalytic 

domains thereby deubiquitinating Lysine - 48 and Lysine - 

68 linked polyubiquitin in vitro. Taken together USP25 is a 

negative regulator in virus induced Type - I IFN signalling. 

Further, USP25 is also a negative regulator by hydrolysing 

TRAF5 and TRAF6 linked lysine - 63 polyubiquitin chain 

with the aid of adaptor act1 of IL - 1 evoked signalling and 

inflammation  [84].  

 

 A crucial setup event occurs in a well tightly maintained 

manner to avoid any aberrant event which can be harmful to 

the host in developing chronic inflammation. One such is 

Type - I IFN signalling pathway where USP38 is a negative 

regulator of it. Insights into molecular mechanism reveal 

that USP38 deubiquitinates K - 33 linked polyubiquitin of 

TBK1 but adds K - 48 linked ubiquitin chains to TBK1 after 
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viral infection. This editing machinery of USP38 is mediated 

by DTX4 and TRIP. In the absence of USP38 the events are 

just reverse of in the presence. Taken together the critically 

USP38 maintain its dynamic nature for ubiquitin editing of 

TBK1 triggered by viral infection  [85].  

 

TLR2 and TLR4 are well known Toll like Receptors among 

10 human TLRs and both has been studied extensively. 

TLR2 activates upon binding of lipoproteins of gram 

negative and gram - positive bacteria. Its activation is critical 

for induction of various proximal and distal signalling 

transducers such as TRAF6 and TRAF7, etc. These are 

crucial for the activation of transcription and thereby 

enhancing the inflammatory cytokine level. Tumor 

suppressor Cylindromatosis (CYLD) a deubiquitinases 

directly regulates various signalling cascade, such as 

MAPK, NF - Kb. The function of CYLD in various maladies 

is mediated by its catalytic domain which deubiquitinates the 

polyubiquitin chain of intermediate adaptors  [86]. This 

negative regulation of CYLD is extensively implicated in 

regulation of TLR2 dependent activation of both NF - кB 

and p38 pathway. It is reported that CYLD is a negative 

regulator of NF - кB activation which is TLR2 mediated but 

the goal is accomplished by deubiquitinating TRAF6 and 

TRAF7. Thus, TLR2 regulation is vital for production of 

inflammatory cytokines cooperative interaction with TRAF6 

and TRAF7 which further regulated by CYLD  [87]. CYLD 

regulates TGF - b by acting on the polyubiquitin chain of 

Akt, which is a signal transducer. Further, CYLD decreases 

samd3 stability via Akt - Gsk3B - CHIP pathway. Samd3 

instability is achieved by deubiquitinating K63 - 

polyubiquitin of Akt by CYLD. Taken together CYLD is a 

negative regulator of TGF - B by inhibiting Akt.  

 

A20 is a deubiquitinating enzyme that is shown in various 

inflammatory scenarios such as it prevents LPS - induced 

shock in mice. It deubiquitinates K - 63 polyubiquitin 

molecule of TRAF6 which implies the regulating link 

between deubiquitinating activity and the regulation of TLR 

signals. CYLD, A20 and OTULIN regulate mechanism 

overlaps to each other and these three deubiquitinasesare the 

last resort is to regulate NF - кB signalling cascade  [88]. In 

brief, A20 protects mice from endotoxic by terminating TLR 

- mediated activity of NF - кB transcription factor thereby 

halting the expression of pro - inflammatory cytokines in 

macrophage. It removes ubiquitin from TRAF6, which is a 

proximal signalling transducer in TLR mediated signalling 

cascade. Further, A20 negatively regulates 

polyubiquitination of TRAF6 and TRAF7 along with the 

interaction of TAX1BP1. This interaction also disintegrates 

the interaction of E2 and E3 enzyme in the TNFR and 

TLR4/IL - 1R pathways  [67].  

 

3. Discussion 
 

The array of pathways that control various cellular activities, 

including immunological responses, is widened by post 

translational modifications (PTMs). The most extensively 

researched PTMs in the control of immunological responses 

are phosphorylation processes regulated by kinases and 

phosphatases. The study of additional PTMs, such as 

ubiquitination and its reverse mechanism, deubiquitination, 

in the regulation of inflammatory responses has recently 

attracted a lot of attention. The innate immune system is 

heavily associated with a number of deubiquitinases that 

function to reverse the ubiquitination process by cleaving 

monoubiquitin groups or ubiquitin chains. Based on 

mechanism of catalysis deubiquitinating enzymes are 

divided into several sub - families such as USP (Ubiquitin 

Specific Peptidase), UCH, OTU, MJD, MINDY, ZUFSP and 

JAMM.  [5, 9, 89]. All the sub - family members play a 

crucial role in various cellular processes like cell cycle 

regulation, DNA repair, Kinase activation, Protein 

degradation, transcription factor activation etc. However, 

being the largest group among all, the USP (Ubiquitin 

Specific Peptidase) sub - family consists of few important 

players what we have discussed in this study. USP 13, 

whose expression modulates the antiviral activity of IFN - α 

against dengue virus serotype 2 (DEN - 2). Thus, USP13 

positively regulates type I and type II IFN signalling by 

deubiquitinating and stabilizing STAT1 protein. Moreover, 

USP13 is the first DUB identified to modulate STAT1 and 

play a role in the antiviral activity of IFN against DEN - 2 

replication  [74]. I - κB polyubiquitination was reduced in 

USP14 overexpressed condition, suggesting that USP14 

regulates I - κB degradation by removing its ubiquitin chain, 

thus promoting the deubiquitinated I - κB degradation within 

the proteasome. Further it was found that USP14 was 

associated with RelA, a binding partner of I - κB, suggesting 

that RelA is the linker between USP14 and I - κB [75]. 

USP15 is also reported to play crucial role in regulating 

bacterial endotoxin stimulated TLR4 signalling cascade  

[76]. Similarly, USP12, USP20, USP22, USP25, USP38 

regulates ubiquitin mediated inflammatory response via 

various TLR pathways as well as other mechanism 

independent of TLR pathways.  

 

4. Conclusion 
 

Our review of literature highlights the critical role of 

Deubiquitinases (DUBs) in controlling the inflammatory 

response via Toll Like Receptor (TLR) signaling. The work 

demonstrates DUBs' potential as prospective therapeutic 

targets in a variety of inflammatory disorders. However, 

further research is required to completely comprehend the 

complicated mechanics of DUBs and to create effective 

therapy techniques that target these enzymes.  
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