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TLR receptors are a classic example of pattern recognition receptors (PRRs). Signals received by these receptors by
recruiting specific molecules lead to activation of the transcription factors NF-kB (nuclear factor kappa-light-chain-
enhancer of activated B cells) and IRF (interferon regulatory factor) and affect various elements of the host’s innate
immune response . TLR mechanisms are based on the ability to recognize twofold signals. The first one is based on the
detection of pathogen-associated molecular patterns (PAMPSs), while the second reads molecules related to damage to
the body’s own cells (DAMPs; danger-associated molecular patterns). One of the major challenges faced by modern
nephrology is the identification of biomarkers associated with histopathological patterns or defined pathogenic
mechanisms that may assist in the non-invasive diagnosis of kidney disease, particularly glomerulopathy. The
identification of such molecules may allow prognostic subgroups to be established based on the type of disease, thereby
predicting response to treatment or disease relapse. Advances in understanding the pathogenesis of diseases, such as
membranous nephropathy, minimal change disease, focal segmental glomerulosclerosis, IgA (immunoglobulin A)
nephropathy, and diabetic nephropathy, along with the progressive development and standardization of plasma and urine
proteomics techniques, have facilitated the identification of an increasing number of molecules that may be useful for
these purposes.
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| 1. Introduction

The role of TLR receptors as potential marker molecules for the development of neoplastic diseases is emphasized more
and more often, e.g., TLR5 as a prognostic marker for gastric cancer . It was also shown that the activity of TLR
receptor is correlated with the state of injury of post-surgical patients who have a disorder of the immune response related
to the interaction of TLR receptors with DAMP (damage-associated molecular pattern). Moreover, the analyses led to
conclusions regarding the role of TLR receptors in predicting pathological conditions, including tissue damage, in these
patients 2,

| 2. Characteristic of the TLR Receptors in Glomeluronephritis

TLR receptors are a classic example of pattern recognition receptors (PRRs). Signals received by these receptors by
recruiting specific molecules lead to activation of the transcription factors NF-kB (nuclear factor kappa-light-chain-
enhancer of activated B cells) and IRF (interferon regulatory factor) and affect various elements of the host’s innate
immune response Bl. TLR mechanisms are based on the ability to recognize twofold signals. The first one is based on the
detection of pathogen-associated molecular patterns (PAMPs), while the second reads molecules related to damage to
the body’s own cells (DAMPs; danger-associated molecular patterns) [, However, the origin of the signal, in the case of
PAMP, is compounds of exogenous origin, while DAMP receives endogenous information. The result of receiving signals
from both pathways is the effector reaction in which the production of costimulatory molecules and cytokines takes place.
The location of TLRs is the cell surface or intracellular compartments, including ER (endoplasmic reticulum), lysosomes,
and endosomes. It is pointed out that intracellular localization is important not only for ligand recognition but also for
avoiding TLR contact with self-nucleic acids, which could cause autoimmunity. A high number of TLR receptors on cells of
the immune system, such as monocytes, macrophages, dendritic cells, or lymphocytes, enables the thesis that they
constitute a network allowing rapid cooperation of leukocytes and cells present at the site of infection or in the immediate
vicinity of damaged host cells 4Bl TLR synthesis begins in the rough endoplasmic reticulum, from where it goes to the
Golgi apparatus and then to its destinations, in other words to the cell surface or to the intercellular compartments [,

At present, there are 10 types of TLR receptors in humans and three additional types in mice, whereas others species
may have more of these receptors (Table 1). Based on the amino acid sequence homology, TLRs occurring in vertebrates
were divided into six subfamilies: TLR 1/2/6/10, TLR3, TLR4, TLRS5, followed by TLR 7/8/9, and TLR 11 to the last 12/13



(Table 2). However, not all vertebrates have all types of receptors. PRRs have a specific structure in the form of
transmembrane proteins, being an integral component of the cell membrane, in which the N-terminal part is responsible
for ligand binding, whereas the C-terminal end is equipped with a signaling domain for IL-1 (TIR; toll IL-1 receptor), being
part of the signal induction cascade for the production of anti-inflammatory mediators 4. The transmembrane domain of
TLRs contains about 20, mostly hydrophobic, amino acid residues. The N-terminal end (ECDs (extracellular domain) N-
terminal ectodomains) is a glycoprotein of 500-800 amino acid residues. In their structure, we distinguish the presence of
leucine-rich tandem repeats (LRRs), the number of which depends on the receptor type and ranges from 20-29 repeats
(Table 1).

Table 1. Characteristics of individual TLRs (toll-like receptors).

Location of Coding Location The Number of Molecular Number of

Genes in the Cell Amino Acids Weight (kDa) LLR Reference

Name

Golgi apparatus,
TLR1 Chromosome 4 Phagosome, 786aa 90.31 19 [GI7E]
Cell membrane

TLR2 Chromosome 4 Phagosome 784aa 89.83 19 [l

TLR3 Chromosome 4 Early e;‘:f”me’ 904aa 103.82 23 (elL1112]

TLR4 Chromosome 9 Cell membrane, Early 839aa 95.68 21 QIEC]

endosome
TLR5 Chromosome 1 No data 858aa 97.83 20 4]
Golgi apparatus,

TLR6 Chromosome 4 Cell membrane, 796aa 91.88 19 [6115]
Phagosome
Endosomes,

TLR7 Chromosome X Lysolzssmes, 1049aa 120.92 25 LIES
Phagosome

TLR8 Chromosome X No data 1041aa 119.82 25 6
Endosomes,

TLR9 Chromosome 3 LysoEs;mes, 1032aa 115.86 25 6
Phagosome

TLR10 Chromosome 4 No data 81laa 94.56 19 6]

TLR11 Expression in mice No data 926aa 105.83 10 [s]

TLR12 Expression in mice No data 906aa 99.94 17 an

TLR13 Expression in mice Endosomes 991aa 114.44 25 (8]

TLRs also differ in the cell site. TLR 1/2/4/5/6/10/11/12 receptors are located on the outer membrane of cells, while 3/7/8/9
receptors are located inside of them. Several literature reports have identified specific PAMP and DAMP ligands, which
are bound by particular TLRs (Table 2).

Table 2. Location and ligands bound by TLR.

Name  Occurrence Ligand PAMP The Origin of PAMP  Ligand DAMP Reference

Extracellular

Macrophages
Neutrophils
TLR1 B Lipopeptides Bacteria No data (291201
lymphocytes Soluble factors (lipoproteins)
Dendritic

cells




Name  Occurrence Ligand PAMP The Origin of PAMP  Ligand DAMP Reference
Bacterial lipopeptides
Teichoic acids,
LAM .
Moduline, Bacteria
Glycolipids of bacteria,
Porins, LPS,
Macrophages Apolipoprotein
Neutrophils cil
B Glycosinositolphospholipids Protozoa, e.g., H i ’| hat:
TLR2  lymphocytes Trypanosoma cruzi eparin sulphate,  pojjz0)21[22]
o Hyaluronic acid,
Dendritic
. Hsp60, Hsp70,
cells Zymosan Fungi ; .
Peroxiredoxin
NK cells
Hemagglutinin Measles virus
Protein Herpesvirus
Hsp70 proteins Host organism
LPS Bacteria
Fusion proteins, Viruses, e.g., RSV
Macrophages Proteins present in the coating virus C-reactive protein,
Neutrophils Fibronectin,
B Taxol Plants Fibrinogen,
lymphocytes Heparin sulphate,  [20j[21]122][23]
TLR4 e . .
Dendritic Hsp60 protein Neutrophil,
cells Hsp70 protein Elastase,
NK cells A fragment of the A domain of Angiotensin Il,
Treg cells fibronectin Host organism Hsp60
Hyaluronic acid oligosaccharide
Fibrinogen
Heparan sulphate
Macrophages
B
lymphocytes . Bacteria [201[24]
TLRS Dendritic Flagellin (Gram-negative) No data
cells
Treg cells
Macrophages . . .
Neutrophils D{acyl .Ilpo'?eptlf!es Bacteria . (191201211221
TLR6 " Lipoteichoic acids . Versican [25]
Dendritic Fungi
Zymosan
cells
TLR10 De:et::;t'c No data No data No data [26]
Macrophages Flagellin Bacteria
TLR11 Dendritic Prgfilin Protozoa, e.g., No data [27][28]
cells Toxoplasma gondii
TLR12 Dendritic Profilin Protozoa, e.g., ~ No data [27]
cells Toxoplasma gondii
Intracellular
Macrophages
Neutrophils
B - Own double- [29][30]
TLR3 lymphocytes Double-stranded RNA Viruses stranded RNA
Dendritic
cells
Macrophages
N hil . - .
TLR7 ;::.ggﬁés Single-stranded RNA Viruses Own single- [201[31]
cells Antiviral and anticancer compounds Synthetic stranded RNA
Treg cells
TLRS De:e(::;t'c Single-stranded RNA Viruses Own single- [20][32]
Antiviral compounds Synthetic stranded RNA

Treg cells




Name  Occurrence Ligand PAMP The Origin of PAMP  Ligand DAMP Reference

Macrophages HMGB1
TLRO Neutrophlls Double-stranded DNA (containing Bacteria, vnru_ses Mitochondrial [20][21][22]33]
Dendritic unmethylated CpG sequences) and synthetic DNA
cells

| 2. The Role of TLRs in Glomerulonephritis

Glomerulonephritis is a heterogeneous group of diseases whose common denominator is inflammation, ongoing in the
glomerulus, resulting from systemic (secondary glomerulonephritis) or only glomerulonephritis (primary
glomerulonephritis) B4EEEIETIEEIS The etiopathogenesis and the cause of the variable course of glomerulopathy is the
subject of numerous studies but remains unknown. Although the pathogenesis is not unequivocally elucidated, the
literature data clearly indicate the involvement of various immune mechanisms in the etiopathogenesis of glomerulopathy.
Researchers indicate the role of the immune system in the development of chronic kidney disease on the basis of primary
and secondary disorders of the glomerular functions, and AKI (acute kidney injury) resulting from the above-mentioned
entities and other disease states, e.g., sepsis 4%, The main elements involved in promoting kidney damage are dendritic
cells, NK (natural killer) cells, macrophages, and proinflammatory cytokines. A critical role is played by the complement
system, which can both protect and promote damage to the glomeruli 441,

Tissue damage glomerulonephritis predisposes many factors and individual characteristics. Most often, the first reveals
hereditary predispositions in response to emerging environmental factors that can lead to a nephrogenic immune
response. Then, there is a direct exposure to infectious etiological factors occurring in the environment (PAMP and
DAMP), which may be subject to specific modification due to many epigenetic factors (such as physical exercise,
microbes, environmental toxins, lifestyle, etc.) ¥4, As a consequence of these changes, the innate immune system is
activated as a result of interaction with TLRs present on circulating inflammatory cells (neutrophils, macrophages,
basophils, and NK cells), as well as on resident glomerular cells and the complement system, which triggers a cascade of
antigen-specific non-specific reactions 43, These receptors are displayed on cells found inside the glomerulus (mesangial
cells, monocytes, or dendritic cells) as well as in the renal interstitium (tubular epithelial cells, monocytes), where they
interfere with potential ligands 3. Part of the ligands, such as peptides, structural elements, or genetic material of both
bacteria and viruses can be transmitted through the bloodstream to the inside of the nephron, in particular to the
glomerulus. In the case of interstitial cells, in addition to the ligands of infectious origin, the potential ligands may also be
fibrinogen, fibronectin, defensin 2, or necrotic cells (Figure 1).
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Figure 1. The potential occurrence of TLR receptors within the nephron (modified, based on 31,

In order to prevent over-activity of the immune system, TLRs are downregulated by numerous molecules and various
mechanisms. Existing negative regulators target specific key molecules in TLR signaling, such as SOCS1 (suppressor of
cytokine signaling 1), SOCS3 (suppressor of cytokine signaling 3), SARM (sterile a-and armadillo-motif containing
protein), TANK (TRAF family member associated NF-kB activator), A20, and others #4I[4511461[471[48](49] Aqditionally, there
are molecules that directly influence the inhibition of NF-kB and IRF-3 BY. |n addition, numerous mi-RNAs were
discovered that affect the stability of mMRNA encoding signaling molecules and mRNA for cytokines 491511,



Activation of TLR releases the NF-kB transcription factor, which results in the production of inflammatory mediators (such
as IL-1, IL-2, IL-6, IL-12, TNF-a (tumor necrosis factor alpha)) 2253, and can cause glomerular damage. The next step is
the conversion of the innate immune response that begins the antigen-specific reaction cycle. The transformation of the
immune response includes several possible mechanisms, such as regulation of natural autoimmunity, conformational
changes of epitopes, molecular mimicry, or the autoantigen complementarity phenomenon. TLRs are also required to
activate the adaptive immune system by antigen-presenting cells that promote CD4 helper cell differentiation, B cell
activation, and antibody production. Antibodies lead to the trapping of the circulating complex or the formation of in situ
immune complexes that can activate both TLRs and complement components of the innate immune system 4. CD4 Th1
and Th2 cells cause damage to the glomerular tissues indirectly, mainly through macrophages and basophils, whereas
Th17 cells may directly mediate damage to kidney structures in particular diseases (Figure 2).
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Figure 2. The potential occurrence of TLR receptors within the nephron (modified, based on &),

Various clinical situations affecting the kidneys, such as ischemic damage, toxic AKI, nephropathies secondary to diabetes
mellitus, hypertension, or crystal deposition, are associated with aseptic inflammation caused, among others, by DAMP
molecules B8l58] These molecules can be released from dying parenchyma cells or during remodulation of the
extracellular matrix. The presence of cells in the kidney capable of expressing TLR receptors makes it possible to initiate
an immune response and inflammation B4l |n order to approximate the mode of action of these receptors in the
disease state, their involvement in the most frequently diagnosed pathological conditions associated with glomerular
dysfunction is presented in the further part of the material B,

3. Biomarkers and Importance of the TLRs in Selected Glomerular
Diseases

The literature classification divides the occurring nephropathies into two categories: Primary nephropathies, which are
defined as those in which the systemic disease responsible for the condition cannot be established, and secondary
nephropathies in which renal lesions appear as a result of other diseases accompanied by characteristic extrarenal
symptoms. The first group includes diseases, such as: minimal change nephropathy (MCN), focal segmental
glomerulosclerosis (FSGS), and membranous nephropathy (MN), which are also included in the nephrotic syndrome. The
second group is primarily diabetic nephropathy and lupus nephropathy. In addition, the studies of our research group have
resulted in the finding that the TLR-2 receptor may play an important role as a biomarker of primary non-proliferative
nephropathies 69,

| 4. The Role of TLRs in Primary Nephropathies

4.1. Focal Segmental Glomerulosclerosis (FSGS)

FSGS is a diverse syndrome that arises after damage to podocytes for various reasons, some known and unknown. The
sources of podocyte injury are diverse (circulating factors (primary FSGS), genetic abnormalities, viral infections, and
medications) [61162 Most of the mutual interactions between these factors probably result in FSGS. There is a hypothesis
about multistage pathogenic activation of autoimmunity in some forms of idiopathic FSGS 2. Through the interaction of



macrophages involved in kidney damage with many chemokines, the migration of monocytes to the site of damage
occurs, which initiates the process of fibrosis. These macrophages also have the ability to self-spread and change into
myofibroblasts that produce the extracellular matrix. Therefore, it can be assumed that excessive organ infiltration by
monocytes and macrophages will cause an intensified fibrosis effect and, consequently, intensification of FSGS symptoms
[63164]  Currently, known biomarkers of FSGS are soluble urokinase-type plasminogen activator receptor (suPAR), soluble

IL-2 receptor (sIL-2R), and ATP-binding cassette subfamily B member 1 glycoprotein-P (Eigure 3). Damage to podocytes
can release molecular patterns of proteins that are recognized by TLR as signals of danger. TLRs stimulate adapter
proteins that activate a cascade of kinases, which amplify the signal and transmit it to the transcription factors regulating
inflammatory genes. In the inflammatory microenvironment, the podocytes, acting as antigen-presenting cells, have a
CD40 and CD80 receptor on their surface, thanks to which they capture antigens and present them to competent T-cells.
However, in the case of abnormal expression of CD40 and CD80, they disorganize the cytoskeleton and filtration slit. In
addition, CD40 can be identified as a foreign antigen, consequently leading to the production of anti-CD40 auto-antigen.
Abnormal expression of CD40, CD80, and autoantibodies may lead to apoptosis of the podocytes, detachment of the
podocytes from the glomerular basal membrane, proliferation of parietal epithelial cells, and attack on the glomeruli, and
induction of segmental sclerosis 2. In turn, other literature reports indicate the involvement of fibrinogen (Fg) in an
inflammatory process mediated by the toll-like 4 receptor (TLR4) €3], Fibrinogen is a protein that plays a proinflammatory
role in vascular disorders, rheumatoid arthritis, glomerulonephritis, and certain cancers, e.g., myeloproliferative neoplasms
[65]66] positive correlations have been noted between oxidative stress markers and, among others, fibrinogen, which may
impact the course of several disorders 8. Gaman et al. 82 showed that obesity and diabetes are associated with
increased levels of ROS (reactive oxygen species), accompanied by a simultaneous deficiency of antioxidants. The
authors showed that the results of the free oxygen radical defense (FORT) and free oxygen radical defense (FORD) tests
correlated with anthropometric/biochemical parameters in patients with obesity and diabetes. In studies carried out by
Wang et al. [83], Fg has been shown to disrupt the actin cytoskeleton and induce apoptosis in podocytes via the TLR4-p38
MAPK-NF-kB p65 pathway in vitro and that co-expression of Fg and TLR4 is elevated in podocytes of Adriamycin-treated
mice. It was also indicated that the level of fibrinogen in the urine may reflect the disease activity in patients with FSGS
(63 Literature data show that the use of synthetic small molecules lecinoxoids, which are inhibitors of TLR-2 and TLR-4,
affects the activation and recruitment of monocytes in a rat model. The authors indicate 8 that the data demonstrate that
targeting TLR-2-TLR-4 and/or monocyte migration directly affects the priming phase of fibrosis and may consequently
perturb disease pathogenesis.

Biomarkers associated with nephrotic syndrome
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Figure 3. Biomarkers associated with nephrotic syndrome based on minimal change disease (MCD), focal segmental
glomerulosclerosis (FSGS), and membranous nephropathy (MN) change based on [89]). CD80-Cluster of differentiation
80; IL-13-interleukin 13; sIL-2R-soluble IL-2 receptor; ABCB1 Glycoprotein-P-ATP-binding cassette subfamily B member 1
Glycoprotein-P; suPAR-soluble urokinase-type plasminogen activator receptor; PLA2R-M-type phospholipase A2
receptor; SOD2-manganese superoxide-dismutase 2; AR-Androgen Receptor; NAG-N-Acetyl-3-D Glucosaminidase.

4.2. Minimal Change Disease (MCD)

MCD is one of the most common glomerular kidney diseases in children and a common cause of nephrotic syndrome in
adults. This disease entity is characterized by an outbreak of edema, selective proteinuria, and a clinical response to
glucocorticoid therapy, as T-cell mechanisms are involved in the pathogenesis of the disease 9. The pathogenesis is due
to abnormalities in the functioning of podocytes, with the latest literature data suggesting the hypothesis that there are two
initiating events. First, there are changes in the cytoskeleton of podocytes and, second, there are regulatory changes in T-



cells that exacerbate abnormalities in podocytes A Currently known biomarkers in MCD are urine levels and
podocyte expression of CD80 (B7.1), interleukin 13, serum levels and protease activity of circulating hemopexin, serum
levels of soluble interleukin 2 receptor, and ABCB1 and glycoprotein-P (Eigure 3). The development of MCD may be
significantly influenced by the body’s innate immunity, in which TLRs are involved. Podocytes in the kidney glomeruli, due
to their function and place of occurrence, are also equipped with the above receptors. In research conducted by
Srivastava et al. 2, the presence of TLR receptors and their potential activity were checked on cell cultures stimulated
with LPS (lipopolysaccharides) and the amino nucleoside puromycin (PAN). In the above studies, it was found that
cultured human podocytes constitutively express TLR 1-6 and TLR-10 but not TLR 7-9. Quantitative analysis using the
RT-PCR method indicated that LPS at various concentrations and to varying degrees increased the expression of TLR (1—
6) genes, the adapter molecule MyD88, and the transcription factor NF-kB within one hour. LPS also caused elevated
levels of IL-6, IL-8, and MCP-1 (monocyte chemoattractant protein-1) without exerting any effect on TNF-a, IFN-a, or
TGF-B1 after 24 h. It has also been shown that an increase in TLR 1 expression may attenuate the effect of TLR-4
activation, which is thought to be an indirect factor in LPS-induced podocyte damage 2. Moreover, the increase in TLR-1
expression by LPS suggests that LPS damage to podocytes is associated with an increase in TLR-1 levels and its specific
endogenous ligands (heat shock protein, heparin sulphate, and fibronectin). These results allow the conclusion that the
main TLR4 ligand, which is LPS, can induce the expression of the genes of many TLR receptors, and thus may lead to
changes being induced in podocytes, which may be related to the loss of receptor selectivity and stimulation of receptor
interaction in podocytes 72, An additional possibility indicating the involvement of TLRs in the development of MCD is the
increase in the amount of the CD80 receptor in podocytes, after stimulation with ligands for TLR-and TLR-4 receptors.
TLR ligands are usually microbial products and can be combined with a well-known association of viral infections as a
causative agent of minimal lesion disease [Z3174],

4.3. Membranous Nephropathy (MN)

MN is a common cause of nephrotic syndrome in adults. Patients with MN usually develop severe proteinuria, edema,
hypoalbuminemia, and hyperlipidemia 2. It is the most common cause of idiopathic nephrotic syndrome in non-diabetic
white adults. About 80% of cases are restricted to the kidneys (primary MN, PMN, idiopathic membranous nephropathy)
and 20% are related to other systemic diseases or exposure (secondary MN) 8. MN is associated with a pathological
alteration of the glomerular basement membrane. This change is due to the build-up of immune complexes that appear as
granular immunoglobulin (Ig)G deposits after immunofluorescence imaging and as electron-dense deposits of high
electron density. Deposits of these immune complexes between podocytes and the basement membrane have a complex
that attacks the complement membrane (C5b-9) L4, The formation of glomerular sub-epithelial immune complex deposits
in the IMN is mediated by specific intrinsic podocyte antigens and their corresponding autoantibodies in humans. These
include compounds, such as neutral endopeptidase (NEP), type M receptor for secretory phospholipase A2 (PLA2R1),
and type 1 7A thrombospondin (THSD7A) (containing domain 8-10) (27877 The above-mentioned markers constitute
the core of the research into the pathogenesis of membranous nephropathy. However, there are reports of a genetic
susceptibility to idiopathic membranous nephropathy. This type of study was conducted in a high-prevalence area in
Taiwan 8, In these studies, the association of the IL-6, NPHS1 (nephrin), TLR-4, TLR-9, STAT4 (signal transducer and
activator of transcription) and MYH (mutY DNA glycosylase), genes with susceptibility to primary membranous
nephropathy in Taiwan was established. In the case of the TLR4 receptor gene, the gene polymorphism indicated a
significant single nucleotide difference in the rs10983755 A/G region (p < 0.001) and rs1927914 A/G (p < 0.05) between
the control group and MN patients. In addition, the distributions of rs10759932 C/T and rs11536889 C/T polymorphisms
differed significantly [Z&l,

4.4. IgA Nephropathy (IgAN)

The development of IgA nephropathy consists of many mechanisms not yet fully understood. Literature data breaks down
biomarkers for IgA nephropathy into a diagnostic and prognostic marker. The first group includes biomarkers detected in
serum and urine, such as uromodulin, CD71, IL-6, complement components, and serum BAFF (B-cell activating factor)
[79 However, the group of prognostic markers includes urine kidney injury molecule-1, fractional excretion of IgG, soluble
CD89, urinary angiotensinogen, and inflammatory cytokines (Eigure 4). The above markers may indicate or predict the
main cause of nephropathy development, which is the overproduction of anti-lgA complexes. One of the reasons for
stimulating the body to produce IgA-related complexes may be signaling disorders associated with TLRs [EQ[81lE2]
Ligands of bacterial or viral origin are recognized by toll-like receptors that trigger the process of chemokine release and
recruitment of macrophages and neutrophils at the site of infection B3l In numerous studies on IgAN pathogenesis,
various types of receptors that could influence the development of this disease have been analyzed. These receptors
were TLR3, mainly recognizing viral dsDNA [4: TLR7 receptor [5: hinding to ssRNA viruses and TLR4 [B8IEZl: and
binding of a variety of ligands, including LPS Gram-negative bacteria and DAMP (Table 2). Numerous observations of



patients with diagnosed IgAN suggest the involvement of pathogens of viral origin, which is also confirmed by
experimental models. There is an unexpected increase in the level of TLR4 activation, which is involved in the diagnosis
of exogenous bacterial factors (LPS from Gram-negative bacteria, Chlamydia pneumoniae, HSP (heat shock proteins)
proteins) and endogenous origin (HSP-60, additional fibronectin A domain, low-molecular LDL fractions, acid
oligosaccharides hyaluronic acid, heparan sulphate), as well as factors derived from the breakdown of host cells [89][30]
[91]1921[93](94] ' To fuylly explain kidney damage in IgAN, it is necessary to fully understand the effects of TLR4 in the
development of glomerulopathy, involving both glomerular cells and circulating leukocytes. Studies have shown that the
administration of LPS activates TLR4 receptors on mesangial cells, and causes the release of chemokines (CXCs), which
promotes neutrophil infusion and the development of glomerulonephritis R3E8I971 |n addition, the IFN-y and IFN-a
responses induced by TLR activation induce overexpression of the B-cell activation factor (BAFF) in dendritic cells,
favoring the expansion of B-cells and increasing IgA synthesis [281291[100][101]1102] |t yas also shown that in kidney biopsies
of patients with IgAN, CD19+/CD5+ B cell infiltration is present, which in the progressive forms of this disease produce
significant amounts of IFN-y and IgA and are more resistant to apoptosis compared to cells obtained from healthy donors
(203]1104] Moreover, Hitoshi Suzuki et al. [82 showed that there is an association between gene polymorphisms for TLR-9
and disease progression. Stimulation with ligands for TLR-9 led to the deterioration of kidney function in mice and
influenced the shift of the balance towards Thl lymphocytes. These findings led to the conclusion that activation of
pathways related to this particular type of receptor may influence the severity of IgA nephropathy B2. Moreover, Coppo et
al. 1951 showed that in patients diagnosed with IgA nephropathy, higher levels of TLR-4 in mononuclear cells and
transcriptional MRNA were observed than in the control group. An important fact is that there is a statistical difference in
the level of the above markers in patients with severe disease and those who do not have proteinuria and hematuria 203,
TLR-4 can be activated by many ligands, such as HLPs and LPS and DAMPs &1,
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Figure 4. Biomarkers in IgA (immunoglobulin A) nephropathy.
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