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Toll-like receptors (TLRs) are a family of pattern recognition receptors (PRRs) in the first line defense system of
our bodies; they are widely expressed on leukocytes and kidney epithelial cells. Infections due to pathogens or
danger signals from injured tissues often activate several TLRs and these receptors mediate their signal trans-
duction through the activation of transcription factors that regulate the expression of cytokine interleukin-1p (IL-
1p), type I interferons (IFNs), and nuclear factor kappa light chain enhancer of activated B cells (NF-kB) dependent

Inflammation
Renal repair cytokines and chemokines. Acute kidney injury (AKI) involves early Toll-like receptors driven immunopathology,
Cytokines while resolution of inflammation is needed for rapid regeneration of injured tubular cells. Despite their well

known function in the progression of inflammation; interestingly, activation of TLRs also has been implicated in
renal epithelial repair through the induction of certain interleukins and improvement in autophagy mechanism.
Studies have found that although the blockade of TLRs during the early injury phase of renal tissues prevented
tubular necrosis, suppression of interleukins production and impaired kidney regeneration due to their blockade
has been observed during the healing phase of tissue. Taken together, these results suggest that the two danger
response programs of renal cells i.e. renal inflammation and regeneration may link at the level of TLRs. This
review aims to emphasize on the role of TLRs signaling in different acute kidney injury phases. Understanding of
these pathways may turn out to be effective as therapeutic option for kidney diseases.

adaptor molecule (TRAM, also known as TICAM2); and v) sterile a and
armadillo motif-containing protein [4]. TLRs recognize self and non-self

1. Introduction

Toll-like receptors (TLRs) are integral part of the innate immune
system.They are a classical type of pattern-recognition receptors (PRRs)
which can identify two classes of ligands. First, special conserved mole-
cules present on the surface of foreign pathogens, pathogen-associated
molecular patterns (PAMPs) and second are the host endogenous
damage-associated molecular pattern molecules (DAMPs), which are
released by injured body cells [1]. A variety of different TLRs have been
identified in many invertebrate and vertebrate species since the first
discovery of this receptor in Drosophila melanogaster [2] and up till now
11 TLRs in humans and 13 mouse TLRs have been reported.The structure
of transmembrane proteins TLRs is composed of three structural do-
mains: outer leucine-rich repeats (LRRs) motif which recognizes their
ligands, a transmembrane domain and a cytoplasmic Toll/IL-1 receptor
(TIR) domain which recruit signal transduction adaptor molecules and
initiates signaling [3]. Five adaptor proteins have been reported: i)
myeloid differentiation factor 88 (MyD88); ii) MyD88 adaptor-like (MAL,
also known as TIRAP); iii) TIR domaincontaining adaptor
protein-inducing IFN-f (TRIF, also known as TICAM1); iv) TRIF-related
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antigens of body and by regulating the production of cytokines, cell
proliferation, survival and death they bridge innate and adaptive im-
mune system [5,6].

Currently, the signaling pathways of TLR are broadly categorized into
two distinct classes on the basis of adaptor usage, namely, the MyD88
dependent pathways which is the most widely used pathway by almost
all the TLRs and the TIR domain-containing adaptor-inducing IFNp
(TRIF) dependent pathways which is considered to be specific for only
few TLRs, such as TLR3 and TLR4 in mammals [7]. These pathways ul-
timately lead to activation of different transcription factors mainly
thorough nuclear factor kappa light chain enhancer of activated B cells
(NF-kB). The NF-xB is an evolutionarily conserved and ubiquitously
expressed, inducible transcription factor that is expressed in all
mammalian cells types and involved in the coordination of cell cycle
progression, differentiation, migration, and survival. It is a heteroge-
neous collection of homo and heterodimers, the subunits of dimers are
comprised of five members of Rel family of proteins including, p50, p52,
p65, c-Rel, and RelB. These members of the Rel family can dimerize to
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make up to 15 different NF-kB dimmers combinations, in which p50/p65
is the most physiologically active heterodimer. Inhibitor of kB (IkB)
molecules renders inactive dimers in the cell's cytoplasm. Therefore,
phosphorylation dependent ubiquitination (carried out by the IkB kinase,
also known IKK complex) and proteasomal degradation of IkB proteins
result in activation of NF-kBdimmers [8].

The TRIF-dependent pathway is involved in the activation of tran-
scription factors, including NF-kB, activator protein-1 (AP-1), mitogen-
activated protein kinase (MAPKs) and interferon (IFN) regulatory fac-
tor 3 (IRF3) family members, to induce the production of type 1 IFNs and
pro-inflammatory cytokines [9,10]. After activation, adaptor molecule
MyD88 forms a complex with members of interleukin receptor-associ-
ated kinase (IRAK) family. This complex then activate mitogen-activated
protein kinase kinase kinase 7 (MAP3K7), also known as TAK1. The
TAK1 binds to IkB kinase, which is a central regulator of NF-kB activation
and allowing it to translocate into the nucleus. TAK1 activation also re-
sults in activation of MAPK family members such as ERK1/2, p38 and
c-Jun kinase (JNK), which mediates activation of AP-1 family tran-
scription factors [10]. Activation of NF-kB and AP-1 result in expression
of proinflammatory cytokines such as IL-6, IL-1p, and TNF-a. Lipopoly-
saccharide (LPS) mediated MyD88-dependent inflammatory signaling,
can also leads to reactive oxygen species (ROS) generation and a
reduction in antioxidant enzymes via NADPH oxidase 1 (NOX1) adjust-
ment [11]. Independent of MyD88, activation of NF-kB can also be
mediated through PI3K by TLR1, TLR2, and TLR6 as these receptors
contain a phosphatidylinositol 3-kinase (PI3K) binding motif. Activation
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of Fas-associated protein with death domain and, finally, caspase 8 or 10
activation can also lead to cell apoptosis by both MyD88 and TRIF
pathways [12]. Ultimately, the induction or suppression of genes that
fine tune the inflammatory response essentially drive by the TLRs
signaling pathways [13]. (Figure 1).

TLRs have been shown to be involved in the development and pro-
gression of acute kidney injury [14,15]. Further to this their role in
kidney regeneration has also been evolved reflecting there multifaceted
roles in cell biology [16,17]. In this review, we present an overview and
possible progression and regeneration signaling patterns of TLRs in acute
kidney injury, hoping that this will provide notions for further in-
vestigations in this field.

2. Signaling of TLRs in acute kidney injury

Acute kidney injury (AKI) is a complex disorder manifested by a rapid
loss of renal function that results in retention of metabolic waste products
[18]. Injury results in rapid loss of cytoskeletal integrity and membrane
polarity and cells die by apoptosis and necrosis. Renal proximal tubular
epithelial cells are particular targets of drug-induced AKI [19,20]. Injury
causes dysfunction of the tubular epithelial cells, which may promote the
release of cytokines and recruitment of inflammatory cells [21]. Both
tubular epithelial cells, and activated leukocytes are involved in releasing
a variety of inflammatory mediators including, TNF-a, IL-1p, IL-6, IL-8,
TGF-B, MCP-1, RANTES, IL-18 and MIP-2 [19,22,23]. A transcription
factor interferon regulatory factor-1 (IRF-1) is reported to be involved in
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Figure 1. Overview of the TLRs multiple signaling pathways. DAMPs activate TLRs then a cytoplasmic receptor domain TIR recruits signal transduction adaptor
molecules to initiate signaling. Signaling pathways are broadly categorized into two distinct classes on the basis of adaptor usage, MyD88-dependent pathways and
TRIF-dependent pathways. Adaptor molecule MyD88 forms a complex with IRAK family. This complex then activates TAK1. TAK1 binds to the IkB kinase, which is a
central regulator of NF-xB activation and allowing it to translocate into the nucleus. Transcription factors, including NF-kB, AP-1, MAPKs and IRF3 family members,
can be activated by the TRIF-dependent pathway to induce the production of pro-inflammatory cytokinessuch as IL-6, INF-1, IL-1f, and TNF-a.Pathways of fibro-
sisproceed with activation of SMAD2 phosphorylation which is triggered by TLRs activated NLRP3 inflammasome formation and ASC expression. The inflammasomes
also trigger caspase-1-dependent pyroptosis and IL-1p secretion. Activated TLR2 on CD133"/CD24" renal progenitor cells can accelerate tubular repair via release of
soluble factors inhibin A and decorinand inhibiting apoptosis of renal tubular epithelial cells via the IGF type I receptor/Akt-signaling pathway. TLR4 agonists induce
the release of IL-22 secretion by macrophages, which in turn activates its receptor (exclusively present on tubular epithelia) to accelerate re-epithelialization in vivo
through activation of the Jak/STAT3 and ERK1/2 pathways. TLRs, Toll like receptors; DAMPs, damage-associated molecular patterns; TIR, Toll/IL-1f receptor;
MyD88, myeloid differentiation factor 88; IRAK, interleukin receptor-associated kinase; IkB, inhibitor of kappa B; NF-kB, nuclear factor kappa B; AP-1, activating
protein-1; MAPKs, mitogen-activated protein kinase; IRF3, interferon regulatory factor 3; TRIF, TIR domain containing adaptor protein-inducing IFN-; IL, interleukin;
INF, interferon; TNF-a, tumor necrosis factor alpha; NLRP3, NLR family pyrin domain containing 3; ASC, apoptosis-associated speck-like protein; IGF, Insulin-like
growth factor; Jak/STAT3, janus kinase-signal transducer and activator of transcription 3; ERK, extracellular-signal-regulated kinase.
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pro-inflammatory signal stimulated by reactive oxygen species during
acute kidney injury [19,24].

In a setting of AKI, Toll-like receptors play important role in disease
progression. They translate danger recognition into the secretion of pro-
inflammatory cytokines and chemokines and expressed by both immune
and non immune cells and this expression is rapidly altered in response to
foreign antigens and environmental stressors [25]. TLR1/2/4/5/6/10
are present on the cell surface while TLR3/7/8/9 in intracellular endo-
somes and mostly recognize nucleic acids of pathogens [26]. Binding of
DAMPs to TLR1/2/4/5 is a central element of danger signaling because
these TLRs activate NF-kB—dependent cytokines pathway. NF-kB induces
the expression of pro-IL-1 (which activates apoptotic cell death) as well
as expression of TNF-a and IL-6 mainly in tubular cells [27]. For sterile
inflammatory mechanism, histones, heat shock proteins, uricacid and
high-mobility group box 1 nuclear protein (HMGB1), fragments of
extracellular matrix as well as necrotic cellular debris functions as
DAMPs of danger signaling [28].

In the kidney, the tubular epithelial cells and mesangial cells express
TLR1/2/3/4 and TLR6. TLR4 expression is predominant at proximal and
collecting tubules [29]. Many cell types in the kidney including tubules,
medulla, glomeruli, and renal vasculature has been shown TLR2 protein
expression [30]. TLR2 antisense oligonucleotides, and chimeric mice
deficient in leukocyte or renal TLR2 were used to explore the role of TLR2
in kidney injury using TLR2~/~ and TLR2"/* mice. Injury was estab-
lished by ischemia reperfusion (I/R) and marked reduction of local cy-
tokines, chemokines, and leukocytes with decreased renal injury was
observed in TLR2™/~ mice compared with controls which confirms the
pro-inflammatory role of this receptor in injury [31]. Marked increase in
the synthesis of TLR2 and TLR4 mRNA in ischemic tubular epithelium
was shown to be completely dependent on the action of IFN-y and TNF-a
[32,33]. Lipopolysaccharide (LPS) induced septic AKI mice showed that
TLR2 overexpression results in inflammatory cytokines IL-6 and TNF-a
expression along with increase in MyD88/NF-xB and p65 signaling
pathway [34]. Synergistic effect of TLR2 and nucleotide-binding oligo-
merization domain-like receptors (NLRs) NOD1/2 showed chemokine
CXCL1 production in neutrophils, macrophages and dendritic cells of
mice renal ischemic kidney model. However, TLR2™/~"and NOD1/2~/~
mice showed inhibitory effect on neutrophil infiltration only and despite
the apparent lack of injury in the TLR2™~ and NOD1/2~/~ kidneys
(reflected by normal serum creatinine values), macrophage or dendritic
cell infiltrates remains unaffected. It suggests that either TLR2 or
NOD1/2 blockade could decrease neutrophil inflammation following an
ischemic insult to the kidney [35]. In contrast, a protective role of TLR2
via autophagy induction was demonstrated on cisplatin induced AKI. The
cisplatin treatment resulted in decreased autophagy related genes,
microtubule-associated protein light chain 3 (Lc3) and autophagy related
gene 5 (Atg5) expression levels in wild type (WT) mice and same
observation (decreased autophagy related genes) was found on TLR2
knockout mice not treated with cisplatin while, TLR4 knockout mice not
treated with cisplatin presented elevated index in comparison with TLR2
knockout mice group which depicts the role of TLR2 in the expression of
molecules responsible for autophagosome formation. It was observed
that only the absence of TLR2 but not TLR4 in mice exacerbated the renal
dysfunction, tissue injury and mortality rate and less heme
oxygenase-1(HO-1) mediated renal protection was evident in TLR2
knockout mice which further demonstrate the putative cross-talk in-
teractions between HO-1 and TLR2 system [36].

Release of fully reduced HMGB1 and HMGB1 from damaged cells
with a disulfide bond results in cytokine induction via TLR4 binding
[37]. HMBG-1 proteins can induce inflammatory signaling in human
renal proximal tubules and endothelial cells from wild type mice, while
dull induction of cytokines and chemokines in TLR4 and TLR2 null mice
with reduced leukocytes infiltration was observed in response to
ischemia and cisplatin kidney injury models [19]. In hypertension
mediated renal injury macrophages mediated inflammation is confirmed
by increased levels of MCP-1 chemokines mRNA levels in angiotensin II
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(Ang-1I) treated mice with normal TLR4. Increased expression of NADPH
oxidase 4 (Nox4) confirms oxidative stress in mice with normal TLR4
while there was no change in mice with TLR4 deficiency [38]. Exclusive
role of TLR4 in renal ischemia/reperfusion injury is proposed when no
significant differences were found in renal function and inflammation in
TLR4~/~, MyD88 ™/~ and TRIF-mutant mice when compared to their wild
types, demonstrate that renal tubular epithelial cells can coordinate an
immune response to ischemic injury in a TLR4 dependent manner [39].
However, in another study MyD88-dependent pathway also appeared
crucial for the full development of kidney IRI as both TLR4 ™/~ and
MyD88/~ mice appeared protected against kidney damage,
pro-inflammatory cytokines production and inflammatory cells accu-
mulation [40]. Early renal injury at the sub cellular level by hypoxia due
to obstructive sleep apnea may result in increased expression of HMGBI1.
Hypoxia was shown to stimulate HMGB1, receptor for advanced glyco-
sylation end products (RAGE) and TNF-a pathway in kidney tissue and
increased expression of soluble TLR4, TNF-a and IL-6 in the peripheral
blood of hypoxic rates. This  suggested that the
HMGB1-RAGE/TLR-TNF-a pathway may contribute to the molecular
mechanisms of early renal injury induced by hypoxia [41]. Freely filtered
toxins and LPS can also induce TLR4-mediated renal inflammation.
Proximal tubular epithelial cells recognize and internalized LPS via
membrane TLR4 receptors, this recognition additionally requires
LPS-binding protein (LBP) and interaction with the CD14 membrane
bound molecules. This LPS-LBP-CD14-TLR4 complex then initiates an
inflammatory downstream signaling cascade via the MyD88 pathway
[25].

Pathogenesis of early acute kidney injury after ischemia and reper-
fusion is shown by early participation of nucleic acid binding TLR-3.
After 24 h of reperfusion TLR-3 mRNA was significantly upregulated in
renal tubular cells versus sham treatment in wild type mice which result
in strong proinflammatory response, significant elevation in intercellular
adhesion molecule 1(ICAM-1) and C-X-C chemokine receptor type 4
(CXCR4) gene expression. In contrast, these levels remained unchanged
in TLR-37/~ mice [42].

Sang et al suggest complex nature of TLR9 (a cytosolic receptor)
signaling in renal ischemia reperfusion (IR) injury as they observed TLR9
mediated renal tubular epithelial cell injury whereas TLR9 signaling in
other cell types showed cyto-protective effects. Notable differences in
renal inflammatory response between renal proximal tubular TLR9
deficient mice and global TLR9 knockout mice were observed. In renal
proximal tubular TLR9 deficient mice MIP-2 and MCP-1 expression was
significantly reduced, lesser induction of IL-6, ICAM-1 and reduced renal
tubular necrosis, inflammation and apoptosis was observed when
compared to wild type mice. However, no significant difference in TNF-a,
MIP-2 and MCP-1 but interestingly reduced kidney IL-6 mRNA expres-
sion was showed by global TLR9 knockout mice. In the same way, ODN-
1668, a TLR9 agonist intensify renal IR injury via NF-xB and caspase
activation in wild type mice but not in renal proximal tubular TLR9
deficient mice. It has been suggested that TLR9 in other cell types may
promote tissue protection by promoting accumulation of beneficial reg-
ulatory T-cells [43].

Recently, the role of NADPH oxidase (Nox5) mediated ROS genera-
tion is identified in a lipopolysaccharide model of acute kidney injury.
Mice with podocyte-specific Nox5 (Nox5pod™) expression showed more
expression of Toll-like receptors and pro-inflammatory cytokines with
ROS production. The Interaction between interleukin-1 receptor-associ-
ated kinases (IRAK1) and Nox5 is established and it is demonstrated that
Nox5-derived ROS may be regulated by IRAK1/4 protein inhibitors [44].

Inappropriate inflammatory reactions involve in proliferation and
formation of myofibroblasts which results in activation of fibrosis path-
ways. TGF-B receptor signaling activate with SMAD2 phosphorylation
which is triggered by TLRs activated NOD-like receptor, pyrin domain
containing-3 (NLRP3) inflammasome formation and apoptotic speck
protein (ASC) expression [16,45]. The inflammasomes also trigger
caspase-1 dependent pyroptosis, a programmed form of inflammatory
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cell death characterized by apoptosis-like chromatin condensation but
rupture of the plasma membrane [46]. The expression of NLRP3 and ASC
is induced by TLRs, such inductions are needed for SMAD2 phosphory-
lation as a critical step in TGF-p receptor signaling.

3. TLRs in kidney regeneration

Kidney repair process also involves complex interplay of events. Re-
covery of proximal tubular cells begins with reassembly of the actin
cytoskeleton, and repolarization of the surface membranes. The renal
response of repair is replacement of injured tubular epithelium with
functional tubular cells but it happens in a restricted manner as kidney
has a limited capacity to undergo endogenous tissue remodeling. During
renal development mesenchymal to epithelial transition (MET) follows
and this process is controlled by different growth factors e.g. hepatocyte
growth factor (HGF) and bone morphogenetic protein-7 (BMP-7).
Therefore, a transition of the metanephric mesenchymal cells into
polarized epithelial cells may be required in kidney regeneration [47]. A
significant elevation in tubular cell proliferation that peaks on 3™ day of
ischemia reperfusion injury indicates beginning of repair process. How-
ever, resolution of sterile inflammation and influence of pro-regeneratory
factors are the prerequisite of surviving tubular epithelial cells (TECs)
functional recovery. Besides, surviving TECs, other intra-tubular pro-
genitor cells, bone marrow derived stem cells and immune cells provided
these factors in a paracrine manner [48].

The activation of TLRs also has been implicated in epithelial repair by
regulating clearance of cellular debris and initiating tissue-repair pro-
grams. Inhibin A and decorin belong to the TGF-f signaling pathway and
there is evidence for an antifibrotic activity of soluble decorin directly
interacting with another member of TGF-f superfamily, connective tissue
growth factor (CTGF), and inhibiting apoptosis of renal tubular epithelial
cells via the insulin-like growth factor 1 (IGF-1) receptor/Akt-signaling
pathway [16]. It has been observed that certain DAMPs activate TLR2
on CD133%/CD24 " renal progenitor cells and accelerate tubular repair
via release of soluble factors inhibin A and decorin. Blocking of TLRs2
completely abrogate this regenerative effect. This regenerative capacity
of CD133"/CD24 " renal progenitor cells was further confirmed using an
in vitrotranswells co-culture system in which cisplatin induced damaged
proximal tubular epithelial cells showed significant proliferation
co-cultured with renal progenitor cells and besides proliferation other
mechanism ie. suppression of apoptosis was also observed with no
expression of cleaved caspase-3 after 48 h. This data show an essential
role of TLR2 in the damage repair process [49].

Study of Kulkarni et al support the idea that to support their regen-
eration through a specific TLR4-IL-22 pathway, dying TECs activate
interstitial dendritic and macrophage cells. They found IL-22 secretion to
be selectively induced by TLR4 agonists released from necrotic tubular
cells, which in turn activates its receptor (exclusively present on tubular
epithelia) to accelerate re-epithelization in vivo through activation of the
Jak/STAT3 and ERK1/2 pathways. Neutralization of IL-22 in the healing
phase of AKI (2-5 days after injury) by injecting anti-IL-22 antibody
significantly impaired tubular recovery. This study demonstrates the link
of two danger response programs, renal inflammation and regeneration
at the level of TLR4 [17].

Temporal participation of interleukins in regeneration of acute kid-
ney injury may appear an interesting venue to further explore TLRs
involvement in AKI. It has been noted that IL-6, locally expressed in renal
tubular cells plays a protective role in the development of cisplatin-
induced acute renal failure through up regulation of anti-oxidative
stress factors and IL-6 knockout (IL-6/") mice appeared more sensi-
tive to injury induced by cisplatin than in wild-type mice, possibly via an
increase in pro-apoptotic regulatory signals. Activity of superoxide dis-
mutase, an anti-oxidative enzyme, was significantly decreased in the
kidney obtained from IL-6~/~ mice after cisplatin administration [50].
However, during the development of injury, significant increased in renal
IL-6 expression and signal transducer and activator of transcription 3
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(STAT3) activation in renal tubular epithelial cells suggests active IL-6
signaling. Besides, renal IL-6 receptors (IL-6R), IL-6 can also stimulate
target cells together with a soluble form of the IL-6R (sIL-6R) in a process
termed trans-signaling. During AKI, serum sIL-6R levels increased
three-fold, suggesting a possible role for IL-6 trans-signaling in injury.
This signaling reduced lipid peroxidation after injury, suggesting that
IL-6 simultaneously promotes an injurious inflammatory response and,
through a mechanism of trans-signaling, protects the kidney from
oxidative stress [51]. Interestingly it has been shown that activation of
Toll-like receptor 2 (TLR2) on primary human peripheral blood mono-
nuclear cells (PBMCs) and on the monocytic cell line THP-1 induces
expression and secretion of IL-6 and the generation of sIL-6R [52].
However same role in the context of AKI is not yet demonstrated.

IL-10 is a potent anti-inflammatory cytokine that inhibits inflamma-
tory pathways. A greater increase in serum creatinine with increased
expression of TNF-a in IL-10~/~ mice than in wild-type mice was
observed in renal IR injury [53]. Study of Ashim et al demonstrated the
effect of IL-10 in the activation of TLR4 downstream signals which
resulted in cardiomyocytes survival and there data on cardiomyocytes
suggest that IL-10 induced anti-apoptotic signaling involves upregulation
of TLR4 through MyD88 activation [54]. It has been hypothesized that a
subtype of T lymphocytes, regulatory T-cells (Treg) predominantly pro-
duce IL10 which play important role in suppression of inflammatory
response and here comes the role of activation of IKKa-dependent NF-«xB
non canonical pathway which unlike IKKf pathway, induce the resolu-
tion of inflammation and tissue regeneration during the recovery phase
of AKI through the recruitment of Treg cells. This data support the
concept that IKKa mediates renal repair in recovery phase of kidney IR
injury [55].

It has been noted that phenotypic switch of pro-inflammatory mac-
rophages (M1) to anti-inflammatory/pro-regeneratory macrophage cells
(M2) is essential for recovery on AKI and IL-4 stimulated macrophages
with an M2 phenotype, but not IFN-y stimulated pro-inflammatory
macrophages, promoted renal tubular cell proliferation at 3-5 days
after injury. IL-10 and myeloid cell-derived mediators improve epithelial
healing which are produced by M2 macrophages [56]. This concept is
further supported by Chiara et al and in a recent study it has been re-
ported that biglycan proteoglycan promotes macrophages autophagy
mechanism by CD44 and TLR4 signaling axis in ischemia/reperfusion
injury and evokes anti-inflammatory response. This study demonstrates
the importance of interaction between a DAMP ligand and specific TLR
co-receptors in curtailing kidney inflammation. Interestingly, on the
other side they observed biglycan dependent regulation of inflammation
via TLR2 with CD14 co-receptor resulted in renal M1 macrophage po-
larization in renal IRI. This study shed light on co-receptor dependent
TLR4 mediated tubular recovery [57].

4. Rationale of use of TLR inhibitors in kidney injury

As inflammation during AKI leads to the extension phase of injury, it
is suggested that interventions that could curtail the inflammatory
response may represent a potential area of treatment with notable
impact. Till recent years, various therapeutic compounds (including
small molecule inhibitors, oligonucleotides, antibodies, lipid-A analogs,
microRNAs, and nano-inhibitors) have been developed to control
extended inflammation as they inhibit TLRs signaling; however with the
perspective of AKI injury their therapeutic role require more research.

TLRs inhibition can be achieved by two generalstrategies: either
blocking the ligands -receptor binding or interfering the intracellular
TLRs signaling pathways. Antimalarial drugs, including hydroxy-
chloroquine sulfate (HCQ), chloroquine (CQ), and quinacrine have been
using in treating autoimmune diseases like arthritis but besides this their
additional mechanisms of action on endosomal TLRs signaling (TLR7/8/
9) was also identified. They can accumulate in the acidic intracellular
compartments like endosomes and lysosomes, and modulate the pH in
these vesicles which lead to blockade of endosomal TLRs signaling, and
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decrease in cytokine production.These mechanisms of action suggest
their anti-inflammatory activity in AKI as well [58]. TAK-242 (Resa-
torvid) is an anti-sepsis small molecule inhibitor which binds to the
intracellular TIR domain of TLR4 at cysteine 747 position and it inhibits
the interaction between TLR4 and the adaptor proteins-TIR domain
containing adaptor protein (TIRAP) and TRIF-related adaptor molecule
(TRAM), thereby may appear as useful anti-inflammatory compound by
targeting LPS-induced TLR4 signaling [59]. The in vivo role of TAK242 in
mice cyclosporine A (CsA) nephrotoxicity model reflects reduced acti-
vation of proinflammatory signaling, including JNK/c-jun, JAK2/STAT3
and NF-xB. This TLR4 inhibition also results in reduced tubular damage
and alleviates the development of kidney fibrosis [60]. Another small
molecule, TJ-M2010-2, which inhibits MyD88 homo-dimerization,
showed better survival rate, reduced tubular interstitial fibrosis and
reduced inflammatory response in mice subjected to kidney IRI [61].

Regarding targeting TLR2 signaling in LPS-challenged AKI, a recent
finding indicate that ortho-vanillin (OV), an inhibitor of TLR2, inter-
rupted the interaction between TLR2 and its downstream adaptor MyD88
in vitro, resulting in the reduction of inflammatory cytokines IL-6 and
TNF-a expression. In vivo OV treatment in an LPS-challenged mouse
model showed significantly reduced expression of inflammatory cyto-
kines TNF-q, IL-6 and IL-1p due to suppressed p65 phosphorylation [62].

OPN-305 is the first fully humanized IgG4 monoclonalTLR2-specific
antibody. In vitro as well as ischemia reperfusion injury animal models
studies have shown the effect of this compound in inhibiting TLR2
mediated pro-inflammatory cytokine production [63]. Now, a phase II
clinical trial (NCT01794663) of this antibody is under progress in renal
transplant patients. NI-0101 and 1A6 are anti-TLR4 antibodies showed
protective effects in vivo and successfully block cytokine release. How-
ever, it has been noted that blockade of TLR4 signaling by 1A6 antibodies
could also delay mucosal healing in the recovery stage [64]. It reflects the
importance of timings on which TLR4 signaling blockade could provide
maximal therapeutic effect.

Altogether, these studies suggest that TLRs are potential pharmaco-
logical targets in AKI and blocking the TLRs signaling may appear ther-
apeutically beneficial in AKI related extended inflammation.

5. Conclusion

Exploring the signaling mechanisms of TLRs may provide a useful tool
to investigate pathophysiological mechanisms and protection strategies
against acute kidney injury. Binding to TLRs is a central element of sterile
inflammation or danger signaling and a single stimulus can activate
various types of TLRs to induce the expression of pro-IL-1p, IFN-a/p and
NF- kB dependent cytokines. However, over activation of TLRs can ulti-
mately lead to disruption of immune homeostasis, and thus implicated in
the pathogenesis of extended kidney inflammation. Further to this their
role in kidney regeneration by regulating the production of cytokines,
cell proliferation and survival, has also been evolved, which reflect their
multifaceted roles mediated through different co-receptors activations in
a time dependent fashion. Therefore, keeping in mind the dual role of
TLRs in both kidney injury and healing processes in a temporal fashion, it
would be interesting to explore the therapeutic role of interventions that
could control these receptors signaling mechanisms and ultimately leads
to attenuate the inflammatory response and improve tissue repair
process.
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