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Abstract: 

The low effectiveness of the existing ways of treatment of glomerulonephritis (GN) requires the development of 

new treatment methods and profound studying of mechanisms of development of (GN). A review of modern 

literature data indicates a relationship between the development of (GN) with infection and activation of various 

components of the immune response. Pathogen-associated molecular patterns of infectious pathogens act as 

"danger signals" that activate Toll-like receptors of innate immune cells, as a result, a cascade of intracellular 

chain reactions is triggered, causing the production of growth factors and cytokines. The cytokine environment 

determines the pathway of differentiation of (CD 4+) helper cells into (Th1), (Th2), (Th17), and regulatory T cells 

(T reg). According to published data, a key link in the (GN) immunopathogenesis is an imbalance in the ratio of 

the activity of subpopulations of T helper cells, manifesting inhibition activity of (T reg)  on a background of 

activation of effector cells ( T eff ) – (Th1), (Th2), (Th17). The activity of (Th1), (Th17)-cells are realized in the 

cellular mechanisms of the immunopathogenesis of (GN), while  (Th2)-cells provide activation of the humoral 

component of adaptive immunity and the production of antibodies involved in the formation of immune complexes 

(ICs). This is a general scheme of the immunopathogenesis of (GN), which has specific variations depending on 

the clinical and morphological form of (GN). In post-infectious (GN), the activation of the humoral link of 

adaptive immunity with the formation of (ICs) and their subsequent deposition in the capillaries of the glomeruli 

comes to the fore. A feature of the immune complex process in patients with (IgA) nephropathy is the formation 

of "nephritogenic" ICs containing abnormal (IgA) (with impaired glycosylation of the IgA molecule) and anti-
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glycan antibodies. (ICs) isolated from patients with membranous nephropathy contain the podocyte receptor of 

phospholipase A2 (PLA 2 R) and anti- (PLA 2 R) autoantibodies belonging to (IgG 4). The central link in the 

immunopathogenesis of minimal changes in nephropathy is the development of an immediate hypersensitivity 

reaction. The prevalence of activation of the cellular mechanism of adaptive immunity acts as the main mechanism 

for the development of focal segmental nephrosclerosis. 

Keywords: Glomerulonephritis; innate immunity; cytokines; (T reg); (T eff ). 

--------------------------------------------------------------------------------------------------------------------------------------- 

Introduction: 

The immunological aspects of the pathogenesis of 

glomerulonephritis (GN) have been the focus of 

attention of the world medical community in recent 

years. Immunological developments are associated 

with the solution of such clinical problems as early 

diagnosis, pathogenetically based therapy, and 

prognosis of the course of (GN)(1). (GN) combines 

diseases of an immuno-inflammatory nature of various 

etiopathogenesis with a predominant lesion of renal 

glomeruli. By origin, (GN) is divided into 

primary (actually the primary lesion of glomeruli) and 

secondary (developing as a result of systemic 

autoimmune diseases, viral hepatitis B, 

neoplasms). Within the framework of primary (GN), 

morphological variants of glomerular damage are 

distinguished, such as acute diffuse proliferative (GN), 

rapidly progressive (extra capillary GN with the 

formation of crescents), membranous GN 

(membranous nephropathy -MNP), minimal change 

nephropathy (MCNP), focal segmental 

glomerulosclerosis (FSGS), membranoproliferative 

GN (MPGN), mesangioproliferative GN (MezPGN), 

MezPGN variant - IgA nephropathy, focal proliferative 

glomerulonephritis (FPGN), chronic diffuse 

proliferative GN. They can be divided into two separate 

groups: proliferative GN and non-proliferative. The 

first group includes (MezPGN), diffuse and focal 

proliferative GN, extra capillary GN with crescents, 

and (MPGN), while the second includes (MCNP), 

(MNP), and (FSGS). Regarding non-proliferative GN, 

the pathological process in the glomeruli is limited to 

the defeat of mainly individual layers of the glomerular 

filter, capillary endothelium, basement membrane, or 

podocytes (1) (2). 

In recent years, new scientific data have been obtained 

on the important role of the components of natural 

resistance, adaptive immune response, and cytokines in 

the pathogenesis of (GN), a review of which is 

presented in this article. 

The role of natural resistance factors in the 

pathogenesis of (GN): 

Immunological mechanisms of renal glomerular 

damage during the development of acute (GN) and 

exacerbation of chronic (GN) are initiated by many 

etiological and trigger factors, such as infectious 

pathogens, endogenous antigens, allergens, toxic-

chemical substances, alcoholic excesses, hypothermia, 

or intravenous injections. The first to respond to 

microbial pathogens are cells of innate immunity, 

antigen-presenting cells (APC), whose Toll-

like receptors (TLRs) recognize molecules of bacteria 

and viruses, the so-called pathogen-associated 

molecular patterns (PAMPs). The best-known 

examples of (PAMPs) are the lipopolysaccharide 

structures of the membranes of gram-negative bacteria, 

lipoproteins, lipoteichoic acids of gram-positive 

bacteria, viral nucleic acids, etc. [1]. (TLRs) respond 

not only to external pathogens but also to endogenous 

cellular patterns (DAMP – “danger-

associated molecular patterns”) formed as a result of 

tissue damage (proteins, uric acid, ATP, heat shock 

proteins, etc.). [2]. A consequence of the TLR's 

response to (PAMP) and/or (DAMP) is the activation 

of inflammatory cells (monocytes, macrophages, 

granulocytes) and resident cells of the glomeruli in 
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response to the pathogen [2]. A cascade of "signal-

transmitting pathways" is initiated in the activated 

cells, causing the transcription of genes of cytokines, 

chemokines, NO-synthase and other regulatory 

mediators of inflammation, activation of the antigen-

presenting function, the production of reactive oxygen 

species and (NO), and the formation of pro-

inflammatory cytokines and low-molecular mediators 

of inflammation, causing damage to the renal 

glomeruli [3]. 

In mammals, 13 types of (TLRs) have 

been described. The selectivity of 

the (TLR) response is manifested, for example, in the 

fact that (TLR 2) react to the patterns of gram-positive 

bacteria and (TLR 4) mainly to the polysaccharides of 

gram-negative bacteria (4). 

In the literature, many studies are associating (TLR) 

with (GN). Thus, a pronounced expression of (TLR4) 

in the renal tissue has been reported in rats with an 

experimentally created model of (IgA) nephropathy. At 

the same time, an improvement in biochemical 

parameters and a decrease in tubulointerstitial fibrosis 

were accompanied by a decrease in (TLR4) 

expression [4]. Studies Kimura J. and co-

authors indicate a relationship between damage to 

podocytes of the glomerular filter in mice with 

autoimmune (GN) and overexpression of (TLR8) [5]. 

Another component of the innate immune response, 

the complement system, also plays an important role in 

the pathogenesis of (GN). The activation of the 

complement system during the development of (GN) 

can be carried out in three ways:  classical, alternative, 

and lectin. Complement-fixing antibodies (IgG1, IgG3, 

IgM) in the (IC) initiate the classical pathway of 

activation of complement components (C1q → C4 → 

C2 → C4b2a → C3). Mannose-binding lectin, by 

binding the polysaccharide of pathogenic bacteria, 

triggers the lectin pathway of complement activation 

(C4 → C2 → C4b2a → C3). In an alternative way, 

activation of the key component C3 can occur 

spontaneously by hydrolysis of C3 to C3b or with the 

help of damaged cells, bacterial lipopolysaccharides, 

IgA. When C3 is cleaved by C3 convertase, 

components C3a and C3b are formed.   C3b, by 

attaching to the C3 convertase, activates C5, which 

decays into C5a and C5b. The latter attaches the 

subsequent complement components - C6, C7, C8, and 

C9, and the membrane-attacking complex C5b - C9 is 

formed. Activated complement components play an 

important role in the development of (GN) [6]. Thus, 

the C5a component, which has the properties of a 

chemoattractant, promotes extravasation of 

inflammatory cells circulating in the blood (mainly 

neutrophils and monocytes) and their accumulation in 

the focus of antigen or (IC) deposition. In turn, the 

activated inflammatory cells release pro-inflammatory 

mediators that have a damaging effect on the 

glomeruli. The effector link of the complement system 

- C5b - C9 completes the immune complex reaction in 

situ by lysis of glomerular cells due to the formation of 

pores in cell membranes. In addition, C5b-9 activates 

resident glomerular cells to produce pro-inflammatory 

cytokines also involved in glomerular damage. Recent 

data indicate that C5a can stimulate the production 

of pro-inflammatory cytokines by glomerular 

mesangial cells by activating the mitogen-activated 

protein kinase (MAPK) signaling pathways p38 

(MAPK), (ERK 1/2), and (JNK). In particular, the 

activation of p38 (MAPK) stimulates the production 

of (IL- 6), while the activation of (ERK 1/2) 

and (JNK) enhances the production of (TNF-α) [7]. 

Role of cytokines in kidney damage: 

       Recognition of (PAMP) or (DAMP) by  (TLRs)            

expressed on innate immune cells triggers an 

intracellular activating signal leading to the initiation of 

a transcription factor (NF- κβ). The latter determines 

the expression of genes for chemokines, primary pro-

inflammatory cytokines (IL- 1, TNF-α), and secondary 

pro-inflammatory cytokines (IL- 6, IL-8, type-

I interferons (IFN)). The resulting pro-inflammatory 

https://translate.google.com/translate?hl=ar&prev=_t&sl=ru&tl=en&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DKimura%2520J%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D25468389
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cytokines cause the development of local 

inflammation, as well as an acute phase response at the 

systemic level, aimed at the destruction and elimination 

of pathogenic factors. These processes involve various 

cells that support and regulate the inflammatory 

process: monocytes/macrophages, all types of 

granulocytes, dendritic cells, (IC) cells, epithelial cells, 

endothelial cells, fibroblasts, lymphocytes, etc. [8].  

One of these cytokines is the pro-inflammatory 

cytokine (IL-1β), which is the main mediator of the 

development of the inflammatory response and acute 

phase response at the systemic level [9]. The cells 

producing (IL-1β) in the kidneys are intrarenal 

macrophages expressing all the necessary components 

of the (NLRP 3- ASC) inflammasome (an intracellular 

platform that ensures the conversion 

of IL- 1 precursor into the active form) [3]. There are 

data on the expression 

of (NLRP 3- ASC) inflammasome components and 

genes encoding (IL-1) on mesangial cells and 

podocytes [3, 10].  It is shown that (IL-1β), produced 

by leukocytes, binds to  (IL-1) receptor on kidney cells 

and promotes the recruitment of inflammatory cells 

(macrophages, neutrophils) and formation of crescents 

in the glomeruli, while the other member of the 

family (IL-1) – (IL-1α) – causes the development of 

kidney damage of the humoral type and kidney 

fibrosis. Clinical studies have demonstrated a direct 

effect of the level of (IL-1β) on the parameters 

associated with the inflammatory process (C-reactive 

protein, the number of neutrophils in the blood) and 

kidney damage (erythrocytes in the urine, granular 

casts) in patients with (GN) [11].  In the same studies, 

data were obtained on a positive correlation of the level 

of (IL-1β) with the content of creatinine in the blood 

serum against the background of its feedback with the 

specific gravity of urine, which indicates a negative 

effect of high levels of (IL-1β) on glomerular and 

tubular renal function. 

Another representative of the "primary" pro-

inflammatory cytokine is (TNF-α), which, like (IL -1), 

is preferably produced by cells of the monocyte-

macrophage system. The production of this cytokine by 

mesangial cells of the glomeruli was established in the 

experimentally created (GN) [7, 12].  High levels 

of (TNF-α) production have been described in children 

with nephrotic syndrome associated with various forms 

of (GN) – (FSGS), diffuse proliferative (GN), 

(MezPGN), (MPGN). At the same time, a positive 

correlation was found between the (TNF-α) level and 

proteinuria, mesangial proliferation, and 

glomerulosclerosis [13]. Evidence has been obtained 

that high concentrations of (TNF-α) associated with a 

particular allele of the gene of this cytokine (in 

particular, with the homozygous genotype A/A) may 

predispose to the development of chronic (GN) and 

end-stage renal failure [14]. 

In recent years, much attention has been paid to the 

study of the role of a lesser-known member of the (IL-

1) cytokine family – (IL-33) – in the pathogenesis of 

kidney disease [13]. This cytokine is a ligand for the 

(IL1RL1) receptor, a tumor suppressor (ST2).   The 

results of studies have been published indicating an 

increase in the level of (IL- 33) and the soluble form 

of ST2 (sST) in patients with chronic (GN) [15, 

16]. Also, these same studies have shown that levels 

of (IL-33) did not correlate with markers of kidney 

damage, while (sST) shows a negative correlation with 

glomerular filtration rate, positive - with proteinuria 

and phosphorus levels in the blood. 

    The (IL -1) receptor antagonist (IL -1RA) can block 

the effects of the (IL-1) family - both (IL -1α) and (IL -

1β). This cytokine is produced mainly by neutrophils 

and cells of the monocytic-macrophage system. In 

experiments on mice, it was shown that (IL -1RA) 

limits kidney damage and neutrophil 

migration [17].  There are known data on the 

predominance of (IL-1β) production in (GN) patients 

over the increase in the (IL-1βRA) level and on the 

https://translate.google.com/translate?hl=ar&prev=_t&sl=ru&tl=en&u=https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DPrakash%2520S%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D26421528
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excess of (IL-1β) / (IL-1βRA) values in the level of 

healthy people by 1.36-4.6 times, depending on the 

clinical variant of the disease. [11, 18]. 

Following the initiation of the production of (IL-1β), 

which has specific receptors on many cells of the 

human body, almost all types of cells involved in the 

inflammatory process are activated - endothelial cells, 

resident macrophages of the kidneys, and almost all 

populations of leukocyte blood cells. In this case, (IL-

1β) initiates the production of other cytokines (late pro-

inflammatory) which include (IL-2), (IL- 6), 

and (IFN- γ) [19].  This is followed by the induction of 

the proliferative activity of regulatory T-lymphocytes 

(T reg) and the production of anti-inflammatory 

cytokines ( IL-10, IL-4, IL-13), which are associated 

with the processes of repair, completion of 

inflammation, and return of the immune system to its 

normal homeostatic state [20].  The production of 

cytokines such as (IL-2), (IL-4), (IL-13), (IFN- γ) is 

associated with cells of adaptive immunity. Thus,  IL-

4 and IL-13 are produced by cells of the (Th 2) / 

humoral component of the adaptive immune 

response. Van Den Berg JG . et al. in vitro studies have 

demonstrated the ability of (IL-4) and (IL-13) to have 

a damaging effect on podocytes by binding to (IL-

4R2) receptors. The obtained result allowed the authors 

to suggest that these cytokines play an important role 

in the pathogenesis of specific changes in the structure 

of podocytes and glomerular permeability in patients 

with idiopathic nephrotic syndrome [21].  

(IL-2) is a cytokine synthesized by helper cells 

– (Th 0), (Th 1), has an immunoregulatory effect on the 

T-system, controlling the functional (proliferative) 

activity of T- lymphocytes, modulating the balance of 

helper cells subpopulations (Th 1) / (Th 2) [22].  An 

increase in the level of (IL-2) in the blood serum 

has been described in patients with nephrotic-type 

GN [23].  In studies using an experimentally created 

(FSGS) model, on the contrary, results were obtained 

demonstrating the nephroprotective effect of (IL-2) 

[24]. 

       (IL-10) is one of the most important regulatory 

cytokines in the acute inflammatory process. It inhibits 

the secretion of (IL-1β), (IL-6), (IL-8), (IL-12), (IL-

23), (TNF-α), (IFN-γ), as well as colony-stimulating 

factors, by inhibiting the expression of major 

histocompatibility complex antigens ( MHC ) class II 

on activated monocytes/macrophages (25). In 

addition, (IL-10) stimulates (IL-1RA) production and 

acts as a major anti-inflammatory cytokine. (IL-10) can 

inhibit the cytokine-forming function of both (Th 1) 

cells (IL- 2, IFN γ) and Th 2 (IL-4, IL-

5) [25].  Contradictory data were obtained in 

experiments to study the effect of (IL-10) on mesangial 

proliferation. In particular, Chabdan SJ et al. showed 

that (IL-10) activates the proliferative activity of 

mesangial cells [26]. On the contrary, Kitching A. The 

R . et al reported that recombinant murine (IL- 10) 

inhibits the proliferation of mesangial cells in rats with 

experimentally created (MesPGN) [27]. In 

experimental studies on a mouse model of (GN), the 

nephroprotective effect of (IL-10) 

was demonstrated [28].  In clinical studies, data were 

obtained on the negative correlation of the level of (IL-

10) circulating in the blood of patients with (GN) with 

indicators associated with the inflammatory process 

(the number of neutrophils in the blood, ESR, the level 

of α1- globulins) and with the serum level of creatinine 

[29].    

      (IFN-γ) is a pro-inflammatory cytokine that 

regulates the activity of the cellular component of the 

adaptive immune response. It is produced by cells of 

both innate and acquired immune response: natural 

killer cells (NK), natural killer T-cells (NKT), (Th1), 

and CD8+ T-lymphocytes [30]. (IFN-γ) increases the 

phagocytic potential of macrophages and the functional 

activity of T cells, increases the expression 

of (MHC II) antigens on macrophages, and therefore 

the antigen-presenting ability of the latter, and also 

https://translate.google.com/translate?hl=ar&prev=_t&sl=ru&tl=en&u=http://www.ncbi.nlm.nih.gov/pubmed/%3Fterm%3DVan%2520Den%2520Berg%2520JG%255BAuthor%255D%26cauthor%3Dtrue%26cauthor_uid%3D10703665
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causes the differentiation of (Th0) cells into (Th1) 

cells, and induces apoptosis of T cells (30). Along with 

that, (IFN-γ) stimulates the production of cytokines 

such as (IL-1β), (IL-6) and (TNF-α) [31]. It has been 

shown that certain low concentrations of (IFN-γ) in the 

experiment can inhibit the pathogenic effect of (IgG3)-

cryoglobulins and prevent the deposition of the (C3) 

component of the complement system in the capillaries 

of the glomeruli [32].  Opposite results were obtained 

in other experimental studies demonstrating the 

pathogenetic significance of (IFN-γ) in the 

development of a diffuse proliferative variant of 

GN [33].  

The role of the adaptive immune response in the 

development of (GN): 

An important role in the development of damage to 

glomeruli of specific CD 4 +-T cells is 

known. Differentiation of naive (CD 4 + )-helper 

cells and the direction of development of the adaptive 

immune response, by cellular or humoral type, depends 

on the prevailing cytokine environment ( IL-2, IL-

4, IL-5, IL-6, IL-12, IL-13, IL- 17) and transforming 

growth factor-β (TGF-β ) [34]. Isolation of four 

lines (CD 4 +)- T cells, particularly effector cells (Teff ) 

(Th1, Th2, Th17) and regulatory cells (Treg), is based 

on the identification of antigens expressed on their 

surface (cluster differentiation markers 

- CD ),   lineage-specific transcription factors 

( Foxp 3, T-bet ), and cytokine genes ( IFN-γ, IL-4, IL-

10, IL-17) [35].       

  (IL-12) directs the differentiation of naive (Th0) 

cells along the pathway of transformation into (Th1) 

cells (CD 4 +, IFN-γ), participating in the development 

of T-cell-macrophage-mediated reactions of the type of 

delayed-type hypersensitivity (DTH). The formation 

of (Th17) cells is facilitated by the presence of 

cytokines – (IL-6, IL-17). The cells of this 

subpopulation of T-helper cells produce (IL-

17a) and (IL-21), which ensure the activation of 

resident macrophages in the glomeruli and the 

recruitment of other inflammatory cells (monocytes, 

neutrophils, platelets). In addition, (Th17) cells 

can directly damage the renal glomeruli. In the 

presence of transforming growth factor- β (ΤGF-

β), (T reg) (CD 4 + CD 25 + FoxP 3 +) are 

formed from (CD 4 +) cells, which inhibit the immune 

response (Teff) and renal damage [35, 37].  

Under conditions of the predominance of the 

production of (IL-2), (IL-4), (IL-13) from (Th0) 

cells, (Th2) cells (CD 4 +, IL- 4) are formed and 

reactions of the type of immediate hypersensitivity 

develop with the participation of (IgE) and eosinophils 

[36]. (Th2) stimulates B-cells and plasma cells to 

produce specific antibodies that can be involved in the 

formation of immune complexes (IC) causing damage 

to glomeruli. Half a century ago, in an experiment on 

rabbits with serum sickness, it was shown that the 

deposition of circulating (ICs) containing antigen and 

(IgG) in the glomeruli has a damaging effect on the 

glomeruli of the kidneys [38]. As a result of another 

study, evidence was obtained that (ICs) deposits 

activate the complement system by the classical 

pathway with the formation of the chemotactic factor 

(C5a) among the intermediate components of the 

complement. The latter attracts circulating 

inflammatory cells that cause damage to the glomeruli 

[39].  

Three possible mechanisms of the formation and 

deposition of (ICs) in the glomeruli during the 

development of (GN) have been described. So, in the 

glomeruli, circulating (ICs), which are formed, as is 

known, under conditions of a certain excess of 

antigens, can be passively retained and deposited. In 

this case, (ICs) appear in the sub-endothelial and 

mesangial spaces, where they form larger (ICs) 

gratings, visible under a luminescent microscope 

(36). (ICs) can be formed in situ. There are two types 

of (ICs) formation in situ. The formation of the first 

type of (ICs) involves circulating antigens entering the 

glomeruli, which at the initial phase of the process are 
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located in the sub-endothelial and mesangial spaces 

(large antigens) or the sub-epithelial space under 

podocytes (small antigens); then free antibodies are 

attached to these antigens and antigen-antibody 

complexes are formed. In the second type of (ICs) 

formation, autoantibodies to unchanged glomerular 

structures are formed in situ. The method of formation 

of (ICs), biological properties of immunoglobulins 

included in the (ICs) (degree of activation of the 

complement system, affinity of the Fc -receptor, 

severity of cryoprecipitation), the location of the (ICs) 

in various structures of the renal glomeruli and the 

concentration of (ICs) affect the nature of clinical 

manifestations of (GN). In particular, sub-endothelial 

(ICs) lead to the development of exudative 

inflammation of the glomeruli. (ICs) deposits in the 

mesangium cause the proliferation of mesangial cells 

with the expansion of the mesangial matrix. With sub-

epithelial (ICs) deposition, non-inflammatory damage 

to podocytes associated with their fusion occurs, while 

pronounced proteinuria is observed. The formation of 

(ICs) in situ induces local tissue damage in the kidneys, 

while in the case of secondary deposition of circulating 

(ICs) in the glomeruli, the nephritogenic effect of (ICs) 

is not observed. As for the concentration of (ICs), as it 

increases, the disease becomes worse [36].   

The degree of involvement of the described 

immunological mechanisms in the pathogenesis of 

(GN) varies significantly depending on the clinical and 

morphological variant of the disease. 

Immunopathological features of the main clinical 

and morphological variants of (GN): 

  Minimal change nephropathy (MCNP): 

Experiments and clinical studies have shown that 

(MCNP) is an immune-mediated pathology of 

glomeruli, which is based on the activation of (Th2) 

cells with the development of an adaptive immune 

response of the humoral type – the immediate 

hypersensitivity reaction. At the same time, (IL-4) 

and (IL-13) produced by (Th2) cells cause damage to 

podocytes [21, 36, 40]. The decrease in the content of 

(Treg) circulating in the peripheral blood, found in 

patients with steroid-resistant (MCNP), suggested that 

the pathogenesis of treatment-resistant (MCNP) cases 

is associated with an imbalance in the balance of 

immunoregulatory subpopulations of (CD4+) helper 

cells towards (Teff) predominance [41]. 

Membranous nephropathy (MNP): 

The development of (MNP) is associated with the 

polarization of the adaptive immune response towards 

the prevalence of (Th2) / humoral link and sub-

epithelial deposition of (ICs), consisting of 

autoantibodies (mainly IgG 4), autoantigens, and 

complement (42). Two different antigens were 

recognized in the (ICs). One of them (neutral 

endopeptidase) is involved in the development of 

(MNP) in newborns [43], the other, the M-type 

phospholipase A2 receptor (PLA2R - 

"phospholipase A 2 receptor "), is found in adult 

patients with (MNP). (PLA2R) is expressed on 

podocytes and, upon binding to circulating 

anti- (PLA2R) autoantibodies, forms subepithelial (IC) 

deposits in situ [44]. In this case, damage to podocytes 

is mediated by the activation of complement with the 

formation of a membrane-attacking complex (C5b-

C9) [42]. (IgG 4) molecules, which are part of the 

(ICs), are not able to activate complement by the 

classical pathway. They bind mannose-binding lectin 

and initiate the lectin pathway for complement 

activation. Stanescu H.C . et al. and other 

authors identified alleles in the (PLA2R1) 

and (HLA - DQA1) loci associated with the 

development of (MNP) [45], which indicates the 

dependence of the development of (MNP) on genetic 

factors. 

    Focal segmental glomerulosclerosis (FSGS): 

Lordan S.C. and co-authors formulated the position 

on the key role in the development of (FSGS), 

activation of the cellular component of the adaptive 

immune response [23] was developed in the studies of 
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other authors [44]. An increase in the number of 

(CD8+)-T cells, an increase in the expression of the (IL-

2) receptor (CD25) on (CD4+) cells, a predominance of 

(CD3) expression on the cells of nephron biopsy 

specimens of (FSGS) patients [46], as well as an 

increase in the content of (Th17) cells in the peripheral 

blood [47] have been shown. It was demonstrated in 

vitro that (IL-17) produced by (Th17) cells induces 

apoptosis of podocytes [47]. 

Data on the participation of pro-inflammatory 

cytokines – (TNF-α), (IL-1β), and (TGF-ß1) in the 

pathogenesis of (FSGS) are presented [48]. In the 

nephron biopsy specimens of patients with (FSGS), an 

increased expression of the (IL-1β) and (TGF-ß1) 

genes was found. Increased levels of (IL-2), (IL-4), (IL-

6), (IL-10), and (IFN-γ) were found in the urine of 

patients [49]. 

 Acute diffuse proliferative (GN): 

The development of acute diffuse proliferative (GN) 

is associated with an infection of extrarenal localization 

(streptococci, staphylococci, viruses, parasites), which 

triggers immunocomplex damage to the glomeruli with 

the participation of the (C3) component of complement 

and (IgG). In this case, (ICs) can appear in the 

glomeruli due to the deposition of circulating (ICs) or 

are formed in situ [36]. All known ways of activating 

the complement system are possible [6, 50]. For the 

considered form of (GN), the following 

histopathological features are inherent:  

1) Diffuse endo-capillary proliferative (GN) (detected 

by light microscopy).  

2) Deposits in the wall of the glomerular capillaries of 

the (C3) component of the complement or deposits of 

the immune complex, consisting of (C3) and 

immunoglobulins, mainly (IgG) (found during 

immunohistochemical examination).  

3) Hump-like deposits in the sub-epithelial space, 

which can occur in isolation or parallel with 

subendothelial, mesangial, and intramembranous 

deposits (established by electron microscopy) [51].    

Extracapillary (GN) with the formation of 

crescents: 

Extracapillary (GN) with the formation of crescents 

is distinguished as a rapidly progressive (GN), 

characterized by an aggressive course with the 

development of the nephritic syndrome and with the 

formation in most cases within three months of 

irreversible renal failure [52]. The key point in the 

pathomorphological processes occurring in this 

glomerulopathy is the extra capillary proliferation of 

monocytes/macrophages, fibroblasts, parietal epithelial 

cells, spreading to more than half of the renal glomeruli 

(52). Moreover, in the cells of the monocyte-

macrophage series, an increased expression of the 

genes of pro-inflammatory cytokines – (IL-1β) 

and (TNF-α) is found. It has been shown that the 

production of (IL-1β) is carried out mainly by 

macrophages contained in crescents. The interaction 

of (IL-1β) with specific receptors I (IL- 1 RI) on 

glomerular cells leads to the generation of a signal that 

initiates the expression of (TNF-α) genes on the same 

cells, as well as on epithelial cells of the tubules. (TNF-

α), being formed in excess amounts, when attached to 

the corresponding specific receptors, induces cell 

apoptosis and damage to the glomeruli. Formed from 

monocytes macrophages, fibroblasts, parietal epithelial 

cells form a "cellular" half-moon, which squeezes the 

capillaries of the glomeruli, impedes or blocks the 

formation of urine with the development of 

oligoanuria. As a result of the progression of the 

process, the crescent moon becomes fibrotic and the 

glomeruli are completely hardened. The mechanisms 

of the pathogenesis of extra capillary (GN) with the 

formation of crescents described above are realized 

under conditions of an imbalance of immunoregulatory 

subpopulations of (CD4+) cells associated with the 

predominance of (Teff) – (Th1) and (Th17) [35, 37]. 

        Mesangioproliferative (GN) (MezPGN): 

The pathological picture during the development of 

(MesPGN) consists of the proliferation of endothelial 
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and mesangial cells of the glomeruli; deposits of (IgA), 

(IgM), (IgG), (C3), and (C4) in the 

mesangium. Depending on which class of 

immunoglobulins is predominant in glomerular 

deposits, three variants of (MezPGN) are distinguished 

– (IgA-MezPGN), (IgM-MezPGN), and (IgG-

MezPGN). In some cases, with (MezPGN), there are no 

deposits of immunoglobulins. The most common 

among all forms of (GN), including (MezPGN), is 

(IgA-MezPGN) (IgA nephropathy) [53].   

(IgA) nephropathy (Berger's disease): 

(IgA) nephropathy is characterized by diffuse deposits 

of (IgA) in the mesangium, often in combination 

with (IgG) or with (IgM), (C3) component, and (C5b-

9) complex. An exacerbation of the disease is provoked 

by upper respiratory tract infections, in which the 

formation of (IgA) increases (54). According to one of 

the main hypotheses of the pathogenesis of this 

glomerular pathology, (ICs) are deposited in the 

mesangial space as a result of a delay in 

circulating (ICs), which contain abnormal 

immunoglobulin – (Gd-IgA1) (galactose-deficient 

IgA1). The molecule of the latter has a defect in heavy 

chains in the region of the hinge regions due to a 

violation of their glycosylation. This disruption in 

the (Gd-IgA1) molecule leads to the exposure of 

antigenic determinants and imparts autoantigenic 

properties to the molecule, causing the formation of 

(IgG) or (IgA1) antiglycan 

antibodies. Subsequently, "nephritogenic" ICs are 

formed, consisting of (Gd - IgA1) and antiglycan 

antibodies [54]. (Gd-IgA1)-containing (ICs) cause 

activation of the complement system by an alternative 

pathway, and also activate resident mesangial cells, 

their production of pro-inflammatory cytokines and 

growth factors that cause proliferation and excess 

production of extracellular matrix, damage to the renal 

glomeruli, and the development of chronic 

(GN). According to the data from Novak J . and co-

authors, aberrant  (Gd - IgA1) is formed by  (IgA1)-

secreting cells, which have a genetically determined 

disorder of the activity of the specific enzyme, 

glycosyltransferase  [54]. According to other 

researchers, the level of  (Gd - IgA1) production is 

associated with the formation of pro-inflammatory 

cytokines during infectious processes in the upper 

respiratory tract. It has been shown that  (IL-6) 

deactivates the key enzymes that provide glycosylation 

of (IgA1)-specific glycosyltransferases  - (C1GalT1) 

and (ST6GalNAc-II) and, therefore, causes an increase 

in the level of  (Gd-IgA1) and circulating 

“nephritogenic” (ICs) containing pathological 

immunoglobulin [55]. The clinical manifestation 

of (IgA) nephropathy is very variable - from 

subclinical forms to severe, occurring with the 

development of end-stage renal failure. New data have 

been obtained indicating that the selective deposition of 

the (C4d) component of complement in the absence of 

deposits of immunoglobulins and (IC), directs the 

activation of the complement system along the lectin 

pathway and determines the more severe course 

of (IgA) nephropathy, manifested by hyperproteinuria, 

systemic hypertension, increased serum creatinine 

levels, reduced rate of filtration by the time of disease 

manifestation [56]. 

Post-streptococcal GN (PSGN), post-infectious GN 

(PIGN): 

     Proliferative forms of (GN) are manifested mainly 

as (PSGN), which is currently considered as (PIGN), 

which affects persons with foci of streptococcal 

infection in the upper respiratory tract (tonsillitis, 

pharyngitis, scarlet fever)  [57]. In modern conditions, 

(PIGN) is found mainly among children living in 

countries with a low level of socio-economic 

development. In recent decades, (PIGN) has also 

spread among adults in European and North American 

countries.  

      (PIGN) in children in the predominant number of 

cases is caused by nephritogenic strains of streptococci 

and is manifested by morphological signs of diffuse 
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endocapillary proliferative (GN), less often exudative 

(GN). Morphological examination of the nephron 

biopsy using the immunofluorescence method reveals 

diffuse deposits of (C3) and often (IgG) 

[58].  Clinical manifestations usually develop 2 weeks 

after the infection. During this period, there is the 

production of specific antibodies to infectious antigens, 

the formation and deposition of (ICs) in the 

glomeruli. The key link in the pathogenesis of (PIGN) 

is the activation of the complement system involving 

all its possible pathways - classical, alternative, and 

lectin, in which (C1), (C3), (C4) components, 

mannose-binding lectin, and properdin are involved [6, 

50]. It is believed that only nephritogenic strains 

of Streptococcus pyogenes (types 1, 2, 4, 12, 18, 25, 

49, 55, 57, 60) are capable of causing the development 

of (PIGN). In recent years, much attention is given to 

the pathogenetic role of two streptococcal antigens: 

nephritis-associated plasmin receptor and 

streptococcal pyogenic exotoxin B [57].    

In adults, (PIGN) is more often caused by an 

infection of staphylococcal origin (infections of the 

oropharynx, nasopharynx, urogenital tract, pneumonia, 

osteomyelitis, pyoderma, etc.) [57, 58]. Most cases of 

post-staphylococcal (GN) are associated with infection 

caused by Staphylococcus (S) aureus, more often 

methicillin-resistant strains. Gram-negative 

microorganisms (Escherichia coli, 

Yersinia, Pseudomonas, and Haemophilus) 

are responsible for the development of (PIGN) in about 

10% of cases. Cases of (PIGN) caused by mycoplasma 

pneumonia, causative agents of scabies, tuberculosis 

have been described [59, 60]. (PIGN) in adults can 

manifest itself in various variants of proliferative 

(GN). In this case, (IgA) deposits prevail in the 

glomeruli [60]. The IgA dominant form of (PIGN) 

should be differentiated from (IgA)- nephropathy. In 

contrast to the latter, with the   IgA dominant form of 

(PIGN), all signs of endocapillary (GN) with 

subepithelial deposits in the form of humps and 

hypocomplementemia are found. Post-staphylococcal 

(GN) mainly occurs in persons over 60 years with a 

weakened immunoreactivity with chronic foci of 

infection, diabetes mellitus, alcoholism, the use of 

cytostatics, and others. The average duration of the 

period from the moment of infection to kidney damage 

is 4 weeks. The pathogenetic mechanisms contributing 

to the selective deposition of (IgA) in the glomeruli in 

patients with post-staphylococcal (GN) are not fully 

understood. It is believed that some antigens 

of S . aureus (for example, enterotoxins B and C) have 

the properties of superantigens that can directly bind 

to APC class II histocompatibility antigens and 

activate them to massive production of pro-

inflammatory cytokines,  (IgG) and  (IgA) [57].    

Evidence has also been obtained on the pathogenetic 

significance of the predominance of (T eff) - Th1 and 

Th17 activity in the development of PIGN [35, 37].  

 Conclusion 

To date, the literature presents data on the important 

role of infection as an initiating component of the 

immunopathogenesis of (GN). Macrophages and 

dendritic cells are the first to respond to infections, 

recognizing infectious pathogens using (TLRs). The 

activation of the latter causes an intracellular cascade 

of reactions that determine the production of growth 

factors and cytokines. The predominant type of 

cytokine environment determines the mechanism of 

activation of the adaptive immune response during the 

development of (GN). It was shown that both cellular 

and humoral components of adaptive immunity can 

participate in the immunopathogenesis of (GN). The 

role of (TLR) dysfunction in the development of (GN) 

is undeniable, but to date, there is little data on the 

significance of specific types of these receptors in the 

implementation of immunopathological mechanisms of 

various forms of glomerular pathology. 
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