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ABBREVIATIONS 

 

МN- membranous nephropathy 

PLA2R- phospholipase А2 receptor 

iМN- idiopathic membranous 
nephropathy 

pМN- primary membranous 
nephropathy 

sМN- secondary membranous 
nephropathy 

GN- glomerulonephritis 

PKB- puncture kidney biopsy/KB- 
kidney biopsy 

VТЕ- venous thromboembolism 

GBM- glomerular basement 
membrane 

GIT- gastrointestinal tract 

MLN- membranous lupus nephritis 

DN- diabetic nephropathy 

NDN- Non-diabetic nephropathy 

FSGS- focal and segmented 
glomerular sclerosis 

IF- immunofluorescence 

IHC- immunohistochemistry 

ЕМ- electron microscopy 

АIТ- autoimmune thyroiditis 

FrIA- fraction IA 

IgG- immunoglobulin G 

NEP- neutral endopeptidase 

APLA2R- anti М-type phospholipase 
А2-receptor antibody 

THSD7A- thrombospondine type-1 
domein containing 7А 

EXT1- Exostosin 1 

EXT2- Exostosin 2 

NELL-1- neural epidermal growth 
factor-like 1 protein 

Sema3B- semaphorin 3B 

NCAM1- neural cell adhesion 
molecule 1 

HBV- viral hepatitis В 

HCV- viral hepatitis C 

HIV- Human Immunodeficiency 
Viruses 

PSA- prostatic specific antigen 

MBL- mannose binding lectin 
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Chapter І 

                                               Introduction 

Membranous nephropathy (MN) is glomerulonephritis with immunocomplex 
pathogenesis, in which IgG deposits and complement fractions are subepithelially 
deposited on the surface of the glomerular basement membrane and over time lead 
to its diffuse thickening. Primary MN (pMN) is a glomerular-specific autoimmune 
disease that accounts for about 75-80% of MN cases. It has been found that most 
patients with pMN have circulating antibodies to the phospholipase A2 receptor 
(PLA2R), and the remaining cases of primary MN can be classified as idiopathic MN 
(iMN). Secondary MN (sMN) accounts for 20-25% of MN cases, the cause of which 
are systemic autoimmune diseases, chronic diseases, malignant diseases and drugs. 
MN is characterized by variable course, spontaneous remissions and relapses. Of 
those patients who do not achieve remission, 30-40% reach the end stage of kidney 
disease and hemodialysis treatment. In 2014, a new antigen - thrombospondin type-
1 domain - containing 7A (THSD7A) was discovered. Immunohistochemical 
analysis of renal biopsies revealed that the localization of THSD7A was on 
podocytes. This was followed by the discovery of many new MN antigens and 
antibodies to them: Exostosin 1 (EXT1), Exostosin 2 (EXT2), NCAM1, NELL-1, 
Semaphorin 3B and others. However, 10-20% of cases remain with an unknown 
antigen. Progress has been made in the precise identification of target antigens and 
the role of complement. However, we have only partial knowledge of what triggers 
the development of the autoimmune response in the first place, and the search for the 
pathogenetic model of MN shifts from the antigen-antibody-associated arena to the 
complement-immunoglobulin one. The review of the literature on this subject turns 
out that in 2018, Norifumi Hayashi et. al. found co-localization of MBL and IgG4 
deposits, and a predominance of MBL deposits in patients with APLA2R1 and 
THSD7A-associated MN. December 2020 George Haddad et al. demonstrated that 
anti-PLA2R1 IgG4 autoantibodies are capable of activating the lectin pathway and 
causing glycosylation-dependent damage to PLA2R1-expressing podocytes, they 
also found cell pathways mediating this damage. It has also been shown that patients 
with pMN show IgG4 glycosylation disorders that correlate with disease severity. 
Mannose-binding lectin (MBL) activates the complement lectin pathway, it is 
structurally and functionally analogous to C1q. It circulates in the plasma as a 
complex associated with two proteases called MASP-1 and MASP-2 (MBL-
Associated Serine Protease). MBL binds to the residues of mannose and N-
acetylglucosamine, which are found on the surface of a large number of pathogenic 
microorganisms (bacteria, viruses, protozoa and fungi). After binding, 
conformational changes occur in the MBL, leading to conformational changes in 
MASPs and the formation of C3 convertase. It has been found that MBL can bind to 
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the IgG Fc fragment terminating in N-acetylglucosamine, thus activating the lectin 
pathway. In rheumatoid arthritis, galactose-deficient IgG glycoforms have been 
shown to bind directly to MBL. Next, we turned our attention to patients with 
diabetes mellitus (DM), whose most common non-diabetic nephropathy is MN. 
Singh SS et al. in 2020 investigated the likely relationship between IgG N-
glycosylation and renal function in patients with type 2 diabetes, showing that IgG 
glycosylation is an important post-translational process affecting the inflammatory 
potential of IgG. Patients were followed up for 7 years, the association between 58 
IgG N-glycan profiles, glomerular filtration and urinary albumin/creatinine ratio 
were studied. They found IgG N-glycosylation patterns in patients with type 2 
diabetes that were associated with a faster decline in renal function, reflecting the 
pro-inflammatory effect of IgG. Lack of galactosylation in IgG activates the 
complement system via the lectin and alternative pathways, causing inflammation. 
In their study, the presence of agalactosylated immunoglobulin structures was 
associated with a faster decrease in renal function, while monogalactosylated 
structures were associated with milder renal impairment. These findings are 
consistent with other studies where agalactosylated IgG glycan structures are 
associated with a faster decrease in eGFR in type 1 diabetes and a higher risk of 
chronic kidney disease in the non-diabetic population. There are many hypotheses 
regarding a connection between autoimmune thyroiditis /AIT/ and glomerulopathies. 
The predominance of MN suggests a possible immunological role of thyroid 
antigens, in particular thyroglobulin (TG) and thyroperoxidase (TPO). They are 
released during AIT and are found in subepithelial immune deposits as part of the 
disease-specific spines. Two probable mechanisms are currently known to explain 
the role of thyroid antigens in the pathogenesis of MH: (1) in situ immune response 
against TG deposition at subepithelial level and (2) circulating immune complexes 
(TG-antiTG) that may be trapped subendothelial due to increased glomerular 
permeability. Other theories are based on the mechanism of epitope spreading. When 
the immunodominant response fails to clear the target, the immune system builds a 
broader immune response against different epitopes of the same molecule or different 
molecules. Therefore, immune-mediated renal impairment will be induced by 
antibodies directed to TG and TPO as well as against epitopes of glomerular antigens. 
Therefore, patients with autoimmune thyroiditis with positive APLA2R, persistent 
nephrotic syndrome, we assume that at a certain stage of the disease they become 
APLA2R associated and pathogenetic therapy is necessary. In chronic hepatitis В, E 
antigen is deposited in GBM. In the presence of chronic inflammation at the GBM 
level, abnormally glycosylated IgG4 binds to antigens, epitope spreading as a 
consequence of the chronic inflammatory process occurs, and immunoglobulins 
recognize the structures embedded in the GBM or the GBM itself as foreign. This is 
why in systemic lupus erythematosus, chronic hepatitis and thyroiditis APLA2R is 
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positive. Even if the chronic disease is healed, the sensitization to PLA2R or other 
antigen on the surface of the basement membrane remains. 

Chronic inflammatory processes in the body, on the background of diabetes, 
aging, chronic exposure to harmful environmental factors, chronic autoimmune 
disease, lead to the continuous formation of IgG4, in which changes in glycosylation 
occur. Then, damage occurs in the area to which this antibody is directed. When the 
immunomediated response fails to clear the target, this results in a broader immune 
response that extends against epitopes of glomerular antigens such as PLA2R. 
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Chapter ІІ 

Aim and objectives 

 

Aim: To study the frequency of three types of deposits - PLA2R, IgG4, MBL 
on the surface of the basement membrane and the serum level of APLA2R antibodies 
in patients with Membranous Nephropathy and their importance for refining the 
diagnosis, clinical course and therapeutic response. 

 

Tasks: 

1. To categorize patients into three groups - pMN, iMN and sMN, according to the 
available and described above in the review criteria for primary, idiopathic and 
secondary MN. 

2. To determine the frequency and type of deposits - IgG4, PLA2R and MBL in 
different types of MN. 

3. Correlation between the available APLA2R antibodies in the serum and the 
number of IHC positive PLA2R cases and their importance for the final diagnosis. 

4. Type of deposits - IgG4, PLA2R and MBL, in patients with diabetes mellitus. 

5. IgG4 positive cases and type MN. 

6. MBL positive cases and type of MN. 

7. Significance of the level of APLA2R antibodies in the serum for the activity of the 
disease. 

8.Therapy results. 
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Chapter ІІІ 

                                       Material and methods 

Data of 79 patients with membranous nephropathy, age range between 24 and 
86 years, 47 men and 32 women treated at the Nephrology clinic of the University 
Hospital "Kaspela" for the period April 2010 - December 2020 were presented. In all 
patients, the diagnosis was confirmed by puncture kidney biopsy, laboratory tests, 
including immunological, histopathological and immunohistochemical tests. 
Methods used: 

1. Puncture kidney biopsy: All patients have biopsy proven diagnosis MN. 
The puncture kidney biopsy was performed in the Nephrology Clinic of UMHAT 
“Kaspela”  after preliminary preparation of the patients, which includes signing an 
informed consent for the procedure, urine test, CBC, ESR, blood sugar, urea, 
creatinine, uric acid, total protein, albumin, electrolytes, coagulogram, hepatitis B 
and C and HIV, susceptibility tests for local anesthetic (lidocaine) and antibiotic. 
Discontinuation of concomitant therapy with anticoagulants and antiplatelets five 
days before the manipulation and switching to therapy with low molecular weight 
heparin with a last application of 24 hours before biopsy.  

Kidney biopsy(KB) was performed under ultrasound control with an 
automatic biopsy gun "Galini" or "Moeller" with disposable needles with 16G lumen 
after layer-by-layer infiltration of tissues with Lidocaine 2%. Usually the left kidney 
is biopsied, but in some patients the right kidney is preferred due to contraindications 
for the left and a more convenient location of the right kidney. After the 
manipulation, the patient is required to observe a bed rest for 24 hours with 
monitoring of heart rate and blood pressure and three examinations of urine and 
blood. Hemostatic agents (calcium gluconate, Dicinon) and an antibiotic are 
prescribed at the discretion of the treatment team. The next day, ultrasound of the 
kidneys is performed to detect postbiopsy complications.  

In the absence of indications for prolongation of hospital stay, patients were 
discharged 2 days after KB. 

2. Clinical and laboratory tests. UMHAT Kaspela. 

All patients were examined and monitored to objectify the course of the disease and 
the results of the treatment: blood tests, ESR, glucose, total protein, albumin, 
electrolytes, cholesterol, triglycerides, transaminases, urine - relative weight, pH, 
protein, sediment, proteinuria for 24 hours. 

Immunological tests / ANA, anti-dsDNA, anti-CSR, pANCA, cANCA, anti-PLA2R 
antibodies, thrombospondin, C3 and C4-complement, antiphospholipid and 
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anticardiolipin antibodies, immunoglobulins, light chains - kappa and lambda in 
serum and urine / were performed according judgment of the treating team and are 
followed up accordingly. 

3. Pathomorphological examination 

The KB material is placed in physiological solution and sent for immunofluorescence 
and histological examination. 

Pathoanatomical processing and pathomorphological examinations were performed 
in the Department of General and Clinical Pathology of UMHAT "Kaspela"- Plovdiv 
and in the Department of General and Clinical Pathology of the Military Medical 
Academy - Sofia. 

Immunofluorescence study: performed on 4-micron-thick cryostat sections with a 
standard package of fluorochromic anti-human rabbit antisera against IgG, IgA, IgM 
and three complement fractions – C1, C3 and C4, as well as against human 
fibrinogen. If necessary, kappa and lambda light chains were also examined. 

Histological and histochemical examination: the material was processed into a 
paraffin block and the following stains were routinely applied to 4 micron sections: 
hematoxylin/eosin, PAS, Masson's trichrome, silver impregnation/JMS/, congo-rot 
for amyloid. The preparations stained for amyloid were 7-10 microns thick and were 
observed under polarized light. Amyloid is typed immunohistochemically. 

Immunohistochemical(IHC) testing was performed in accordance with the 
manufacturer's standard protocols. The antibodies used are from the company 
"Abcam PLC" (Table 1): 

Recombinant Anti-PLA2R antibody [EPR20483] (ab211573) 

Anti-IgG4 antibody (ab232869) 

Anti-Mannan Binding Lectin/MBL antibody [3B6] (ab23457) 

Serial sections of 4 µm thickness were prepared from the paraffin blocks and 
mounted on adhesive slides. Sections were deparaffinized and rehydrated in alcohols 
of decreasing concentration. Washing was done with BondTM Wash Solution 
according to the instructions for use. Prior to performing the immunohistochemical 
reaction, heat-mediated antigen retrieval was performed by incubating in Bond TM 
Epitope Retrieval Solution 1 and 2 with pH 9.0 buffer. 

Table 1. Main characteristics of the used IHC-antibodies. 
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Antibody Clone Function Cell location Positive 

expression 

Anti-

PLA2R 

 

EPR2

0483 

Receptor of secretory 

phospholipase А2, 

activates MAPK-

cascade of cell 

proliferation.  

Cytoplasmic, 

cellular 

membrane, 

granular model, 

subepithelial in 

glomeruli 

Alveolar 

macrophages, 

peritumoral 

glomeruli in 

clear cell renal 

cell carcinoma, 

placenta. 

Anti-IgG4 Clone Participate in 

infkammatory 

processesq 

hypersensitive and 

autoimmune reactions. 

Cytoplasmic, 

granular model, 

subepithelial in 

glomeruli 

Prostatic 

carcinoma, glial 

tumors, stomach 

tissue. 

Anti-MBL 

antibody 

3B6 Binds mannose, 

fructose and N-

acetylglucosamine and 

activates lectin pathway 

for activation of 

complement. Binds late 

apoptotic and necrotic 

cells. 

Cytoplasmic, 

granular model, 

subepithelial in 

glomeruli 

Hepatocytes, 

hepatocellular 

carcinoma, brain 

tissue. 

 

Serial sections from each of the studied cases were tested for the antibodies used. A 
positive and negative control was prepared for each run of antibody assays. The 
positive control was chosen according to the manufacturer's instructions: for Anti-
PLA2R, peritumoral glomeruli around clear cell carcinoma were used, for Anti-IgG4 
– prostate carcinoma, and for Anti-MBL – hepatocellular carcinoma. 

Immunohistochemistry was performed according to the manufacturer's instructions 
using the Bond Polymer Refine Detection Kit imaging system. 

The negative control for each antibody was prepared by standard 
immunohistochemical procedure without instilling the test antibody. 
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An Olympus light microscope No. OD82685 was used. In each case, at least 5 fields 
were selected in the serial sections observed at 400 magnification (eyepiece x10, 
objective x40). 

Interpretation of Anti-PLA2R Antibody Staining Results: Two false positive patterns 
are available. The first is characterized by the presence of weak linear expression 
localized to the outer surface of the glomerular loop, which is observed in both the 
normal kidney and the negative internal controls. In the second, Anti-PLA2R showed 
more intense, “smudge” staining in the Baumann space, possibly due to the presence 
of normally expressed PLA2R protein on the podocyte membrane. In contrast to the 
above expression, the dot-like subepithelial granular pattern was accepted as the only 
true positive result. The degree of staining was also scored – (1+) weak expression, 
(2+) moderate expression and (3+) strong expression. 

The lack of IgG4 ICH expression in the normal kidney represents a complete lack of 
staining in the negative cases and a similar “dot-like” pattern in the positive cases, 
making interpretation easier. 

By a similar method, Anti-MBL expression was reported - complete absence of 
staining in the negative cases and "dot-like" pattern in the positive cases. 

In cases with advanced disease or extensive segmental sclerosis, ICH positivity was 
limited to the area of the glomeruli that had not undergone fibrosis, representing a 
possible cause of false-negative results. 

Inclusion criteria: Cases with pathomorphologically confirmed clinical diagnosis of 
membranous nephropathy. 

Exclusion criteria: 

1. Cases with a clinical diagnosis of membranous nephropathy, which were not 
confirmed pathomorphologically. 

2. Absence of glomeruli in the prepared additional sections for immunohistochemical 
examination. 

3. All glomeruli in the prepared additional sections were with sclerosis. 

4. Statistical research methods 

The statistical methods were determined according to the aim and objectives of the 
dissertation work and the type of quantities (metric, rank, nominal, dichotomous). 
Most of the data were measured on a dichotomous (Present/Yes-Absent/No), 
nominal or ordinal scale. These values were presented in numbers and percentages, 
and the following methods were used to establish statistically significant trends: 
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• Fisher's exact test for dichotomous variables. 

• Chi-square test if there are more than two categories. 

• Results are illustrated with pie charts, bar charts and line charts. 

Metric (continuous) values were checked for normal distribution using the Shapiro–
Wilk test. Accordingly, values with a normal distribution (Shapiro-Wilk p > 0.05) 
are presented with the arithmetic mean and standard deviation (±SD). To establish 
statistically significant trends, the following statistical methods were used depending 
on the number of groups: 

When comparing two groups, an independent-samples t-test was performed. In 
certain comparisons, a lack of homogeneous variability (homogeneity of variances) 
was found according to Levine's test (Levine's test p < 0.05). In such cases, the value 
of p was reported under the condition equal variances not assumed. 

• One-way ANOVA was performed for more than two groups. 

• The graphical presentation of the results includes graphs of the mean and individual 
values and a 95% confidence interval (Individual value plots with the mean and 95% 
CI). 

In the absence of a normal distribution (Shapiro-Wilk p < 0.05), the mean trend is 
represented by the median and interquartile range (IQR). The following methods 
were used to establish statistically significant trends: 

• The Kruskal-Wallis non-parametric test for comparison of more than two 
groups/categories. 

• Spearman rank-order correlation for analyzing the relationship between two 
quantities. 

• Analysis with ROC curve (Receiver operating characteristic curve/ROC curve) to 
investigate the diagnostic ability of APLA2R in serum as a marker for the presence 
of pMN. Statistics include area under the curve (AUC), sensitivity, specificity, and 
cutoff criterion value. 

• Results were illustrated by scatter plots with fitted regression line and area under 
the curve (AUC) plots. 

All analyzes were conducted at an acceptable error level of alpha =5% (p < 0.05). 
Results are graded according to statistical significance as follows: * - p < 0.05; : ** 
-p < 0.01; *** - p < 0.001. 



 

14 
 

The statistical programs IBM SPSS version 27 (2020), Minitab version 19 (2020) 
and MedCalc version 20.008 (2021) were used for data analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

15 
 

Chapter ІV 

Results 

Task 1: To categorize the patients into three groups - pMN, iMN and sMN, 
according to the criteria available and described above in the review for 
primary, idiopathic and secondary MN. 

1.1 Distribution by gender and age 

A total of 79 patients with membranous nephropathy (MN) are included in the study, 
including 47 (60%) with primary APLA2R-associated (pMN), 20 (25%) with 
idiopathic MN (iMN) and 12 (15%) with secondary (sMN ). The type of MN was 
determined after immunohistochemical examination and clinical evaluation. The 
distribution of patients according to the type of MN is illustrated in Fig.1. 

 

 
Figure 1: Distribution of patients according to type of MH 

The average age of the patients in the study group is 55.22±15.87 years, with an age 
range between 24 and 86 years. The age of the patients according to the type of MH 
is similar, without a significant difference (p = 0.187): pMN (54.51±15.87 years); 
iMN (52.40±15.64 years); in MN (62.67±17.14 years). 

60%

25%

15%

Distribution according to the type of MN

pMN iMN sMN
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The gender distribution showed a higher relative proportion of male patients who 
constituted 59.50% of the entire group compared to 40.50% female patients. 
According to the type of MN, men have the highest relative share in sMN (75%), 
followed by pMN (57.00%) and iMN (55%). The differences in the gender 
distribution did not reach statistical significance, p = 0.485 (Table 2). 

Table 2: Data on age and gender of patients 
Values Total 

(n = 79) 
pMN 

(n = 47) 
iMN 

(n = 20) 
sMN 

(n = 12) 
p 

Age (years) 

o �̅�± SD 55.22±15.87 54.51±15.40 52.40±15.64 62.67±17.14  

0.187A o Mean  55.00 54.50 55.50 67.00 

o Min.-Max. 24 - 86 24-79 27-86 31-82 

Gender (number %) 
o Male 47 

(59.50% 
27 

(57.00%) 
11 

(55.00%) 
          9 

(75.00%) 
 

0.485χ2 
o Female 32 

(40.50% 
20 

(43.00%) 
9 

(45.00%) 
3 

(25.00%) 
�̅�- Arithmetic mean value; A – ANOVA; χ2 – Chi-square test 

In Fig. 2 are presented graphics illustrating the individual and mean age with 95% 
confidence interval according to the type of MN, and in Fig. 3 the gender distribution 
according to the type of MN.

 
Figure 2: Plots of individual and mean 
age with 95% confidence interval 
according to MN type 

 
Figure 3: Gender distribution by type 
of MN 
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1.2 Demographic data for patients with essential MN. 

pMN and iMN for convenience in demarcating primary/secondary will be united 
under the term essential MN (eMN). 

A total of 67 (85%) patients are categorized as having essential MN, including 47 
patients with pMN and 20 with iMN. The average age of the patients is 53.88±15.39 
years, with an age range between 24 and 86 years. The mean age of patients with 
essential MN is lower than that of patients with sMN (62.67±17.14 years), but the 
difference is not significant, p = 0.077 (Fig. 4: A). The gender distribution in the 
group with essential MN showed 38 men (57%) and 29 women (43%), with no 
significant difference compared to the group sMN, p = 0.342 (Fig. 4: B) 

 
Figure 4: Mean and individual age (A) and gender distribution (B) in patients with 

eMN and sMN 

Task 2: To determine frequency and type of deposits - IgG4, PLA2R and MBL 
in different types of MN. 

Data of frequency and type of deposits is summarized in Table 3. 

Crosstabs and the Chi-square test are used for statistical comparison between MN 
types and the frequency and type of deposits. The results are described and illustrated 
with figures below. 

Table 3: Frequency of IgG4, PLA2R and MBL deposits according to type of MN 
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* - Statistical significance at p <0.05; ** - Statistical significance at p <0.01; *** - Statistical 
significance at p <0.001; ! - Significantly higher relative share compared to pMN group (p = 

0.005); Significantly higher relative share compared to sMN group (p = 0.003). 

Triple-positive patients constitute 27% of the pMN group and 0% of the other 
two groups, with a significant difference, p = 0.013 (Fig. 5). 

 

 

*- Statistically significant difference at 
p < 0.05 

 

Figure 5: Distribution of patients with 
triple positive data between MN types
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Triple positive cases (IgG4 + , PLA2R+ and MBL + ) in patients with primary 
MN

 
 

Image №1: B-12 27552. IHC – 
examination: MBL (+) positive 
expression, subepithelial granular 
pattern, x400.  

 
 

Image №2: B-12 27552. IHC - 
examination: IgG4 (+) positive 
expression, subepithelial granular 
pattern, x400. 

 

 

Image №3: B-12 27552. IHC -
examination: PLA2R (3+) strong 
positive expression, subepithelial 
granular pattern, x400. 

Double-positive patients constitute 47% of the pMN group, 33% of the iMN group, 
and are not found in the sMN group (0%). The difference between the first two 
groups and the patients with sMN is statistically significant, p < 0.001. 

Double-positive patients for PLA2R and IgG4 constitute 47% of the pMN group and 
are not found in the other two groups (0%), with significance of the difference, p < 
0.001. 

Eight patients showed double-positive results for IgG4 and MBL, of which six are in 
the iMN group (33%) and 2 in the pMN group (4%), with a significant difference of 
29% (p = 0.005). The iMN group also showed a significant difference from the sMN, 
in which no double-positive patients for PLA2R and MBL are detected (p = 0.003) 
(Fig. 6). 
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*- Statistically significant difference at p < 0.05; ** - Statistically significant difference at p < 

0.01; ***- Statistically significant difference at p < 0.001 

Figure 6: Distribution of double-positive patients 

Double positive cases (IgG4 + and MBL +) in a patient with DM and iMN. 

 
Image №4: B-15 27964. IHC - 
examination: IgG4 (+) positive 
expression, subepithelial granular 
pattern, x400. 

 
Image №5: B-15 27964. IHC – 
examination: MBL (+) positive 
expression, subepithelial granular 
pattern, x400. 

Positive patients for one indicator constitute 26% of the pMN group, 33% of the 
iMN group, and 44% of the sMN group, but the difference between the types of MN 
did not reach statistical significance, p = 0.425. In the pMN group, 24% positive 
cases for PLA2R are found and not observed in the other two groups (0%), with 
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significance of the difference, p < 0.001. IgG4-positive patients constitute 2% of the 
pMN group, 33% of iMN and 44% of sMN patients, with a significant difference 
between the pMN group and the other two groups, p < 0.001. No MBL-only positive 
patients are identified in any of the groups between MN types (Fig. 7). 

 
*- Statistically significant difference at p < 0.05; ***- Statistically significant difference at p < 

0.001 

Figure 7: Distribution of patients with positive data for one indicator among types of 
MN 

Triple-negative patients predominate among sMN patients, constituting 56% of the 
group. In the iMN group, triple-negative patients constitute 33% and 0% in the pMN 
group, with significance of the difference, p < 0.001. (Fig. 8).

 
 



 

22 
 

***- Statistically significant difference at p < 0.001 

Figure 8: Distribution of patients with triple negative indicators among types of MN 

 

A triple-negative case (IgG4 -, PLA2R- and MBL -) in a patient with secondary 
MN and prostate carcinoma. 

 

 
Image №6: B-15 3024. IHC-
examination: IgG4 (-) lack of 
expression, x400. 

 
Image №7: B-15 3024. IHC-
examination: MBL (-) lack of 
expression, x400.

 

 

Image №8: B-15 3024. IHC-
examination: PLA2R (-) lack of 
expression, x400. 

Summary of key trends for Task 2 

• Triple positive patients are found only in the pMN group. 

• Double-positive cases are found in the pMN and iMN groups and are not found 
among the sMN patients. 

• Positive cases for one indicator are found in the three groups with the highest 
relative proportion in patients with sMN and the lowest in the pMN group. 
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• The highest relative proportion of triple negative patients is found in the sMN group 
and the lowest in the pMN group. 

Task 3: Correlation between APLA2R antibodies present in serum and positive 
for PLA2R from IHC cases and their significance in establishing the definitive 
diagnosis.  

3.1 Concordance between serum APLA2R positive and immunohistochemistry 
PLA2R positive cases. 

Data for both APLA2R in serum and deposition of PLA2R on 
immunohistochemistry is available in 58 of the patients. According to PLA2R 
(immunohistochemistry), 36 are categorized as positive and 22 as negative. 
According to serum APLA2R, 35 are categorized as positive (serum APLA2R > 20) 
and 24 as negative. The matches between the two methods on positive cases are 32 
and 19 matches on negative cases. There are discrepancies in 7 patients, of whom 4 
are positive for PLA2R (immunohistochemistry) but negative for APLA2R in serum. 
In contrast, the remaining 3 are positive for APLA2R in serum and negative for 
PLA2R immunohistochemistry (Table 4). 

Table 4: Crosstab between deposition against PLA2R on IHC and APLA2R in 
serum. 

ROC (receiver operating characteristic) curve analysis showes an agreement rate of 
87.60% between the diagnosis of positive and negative cases according to PLA2R 
(immunohistochemistry) and APLA2R in serum, with area under the curve AUC = 
0.876 (95% CI: 0.763 to 0.949, p < 0.001). The sensitivity was calculated at 
91.42% and the specificity at 82.60%. 

Table 5: Results of ROC curve analysis for degree of concordance between PLA2R 
(immunohistochemistry) and APLA2R in serum. 

PLA2R IHC APLA2R in serum Total 

Positive 
(+) 

Negative 
(-) 

 

Positive (+) 32  4  36 
Negative (-) 3 19  22 
Total 35 23 58 
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The ROC curve between PLA2R (immunohistochemistry) and APLA2R in serum is 
illustrated in Fig.9. 

 
Figure 9: ROC curve between PLA2R (immunohistochemistry) and APLA2R 
positivity in serum 

3.2 To investigate the diagnostic ability of APLA2R in serum as a marker for 
the presence of pMN 

Serum APLA2R data were available for 59 patients, of whom 40 with pMN and 19 
with another type of MN. Serum APLA2R positive (serum APLA2R > 20) were 36 
patients, of which all 36 were diagnosed with pMN. Only 4 patients with pMN were 
negative for APLA2R serum. All remaining (n = 19) patients in the iMN and sMN 
groups are negative for APLA2R (Table 6). 

 AUC 
(95% CI) 

SE p Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

APLA2R 

in serum 

        0.876 

(0.763 до 0.948) 

 

0.04 

 

0.000*** 

         91.42% 

(76.94% до 98.19%) 

          82.60% 

(61.21% до 95.04%) 

AUC- areas under the curve; SE- standard error 
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Table 6: Crosstab between patients with primary MN and serum APLA2R positivity 

 
ROC curve analysis showes a concordance rate of 95.00% between the diagnosis of 
positive and negative cases according to serum APLA2R positivity, with area under 
the curve AUC = 0.950 (95% CI: 0.860 to 0.990, p < 0.001). The sensitivity was 
calculated at 90.00% and the specificity at 100%. 

Table 7: Results of ROC curve analysis for degree of concordance between APLA2R 
positivity in serum and diagnosis of primary MN 

 
The ROC curve between serum APLA2R positivity and the presence of primary MN 
is illustrated in Fig.10 

 

pMN APLA2R in serum Total 

Positive 
(+) 

Negative  
(-) 

 

Yes 36 4 40 

No 0 19 19 

Total 36 23 59 
 

 AUC 
(95% CI) 

SE p  Sensitivity 
(95% CI) 

 Specificity 
(95% CI) 

APLA2R 

in serum 

        0.950 

(0.860 до 0.990) 

 

0.02 

 

0.000*** 

         90.00% 

(76.33% до 97.20%) 

          100% 

(82.35% до 100%) 

AUC- areas under the curve; SE- standard error 
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Figure 10: ROC curve between pMN diagnosis and serum APLA2R positivity 

Summary of key trends for Task 3 

1. A concordance rate of 87.60% with a sensitivity of 91.42% and a specificity of 
82.60% is found between the diagnosis of positive and negative cases according to 
APLA2R in serum and positive and negative cases according to PLA2R 
(immunohistochemistry). 

2. APLA2R positivity in serum showes a high accuracy rate of 95% in the diagnosis 
of primary MN, with a sensitivity of 90% and a specificity of 100%. 

Task 4: To determine the type of IgG4, PLA2R and MBL deposits in patients 
with diabetes mellitus. 

4.1. Patients with diabetes mellitus overall and according to the type of MN 

In the studied group of 79 patients, 24 (30%) suffered from diabetes mellitus (DM), 
of which 23 with DM type 2 and one patient with type 1. The distribution of patients 
with DM according to the type of MN was as follows: 11 with pMN, constituting 
24% of the group; 10 with iMN, making up 50% of the group; 3 with sMH, 
comprising 25% of the group. The relative share of patients with DM is significantly 
higher in the iMN group compared to the pMN and sMN groups, p = 0.045 (Fig. 11).
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*- Statistically significant difference at p < 0.05 

Figure 11: Relative share of patients with diabetes mellitus overall and according to 
the type of MN 

 

Of the patients with diabetes mellitus, 10% are triple positive, 43% are double 
positive, 33% are positive for one marker, and 14% are triple negative. 

Compared with the non-diabetic patients, the frequency of PLA2R, IgG4 and MBL 
deposits in the DM patients showed a similar distribution. Triple-positive patients 
are 10% more in the non-DM group, but no significant difference, p = 0.314. 
Conversely, double positives are 10% more in the DM group, but again the difference 
did not reach significance, p = 0.604. Single positive and triple negative showed a 
very similar relative proportion in patients with and without DM. 

Table 8: Frequency of IgG4, PLA2R and MBL deposits in patients with diabetes 
mellitus according to the type of MN 
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Main trends in Task 4 

1. In the studied group of 79 patients, 30% suffer from diabetes mellitus (DM). The 
relative share of patients with DM is significantly higher (50%) in the iMN group 
compared to the pMN and sMN groups. 

2. Of the patients with diabetes mellitus, 10% are triple positive, 43% are double 
positive, 33% are single positive, and 14% are triple negative. 

• Triple positive patients are found only in the pMN group (20%). 

• Double-positive patients are found in the pMN (50%) and iMN (50%) groups with 
the following distribution: 

- pMN: 40% positive for PLA2R and IgG4 and 10% positive 

for IgG4 and MBL 

- iMN: All (50%) positive for IgG4 and MBL 

• There are positives for one indicator in all three groups, but with the largest relative 
share in the group with sMN. 

- pMN: All (30%) positive for PLA2R 

- iMN: All (25%) are positive for IgG4 

Value pMN 
(n=10) 

iMN 
(n=8) 

sMN 
(n=3) 

p 

Triple positive    
PLA2R, IgG4 and MBL 
 

2 
(20%) 

0 
(0%) 

0 
(0%) 

 
0.476 

Double positive  5 
(50%) 

4 
(50%) 

0 
(0%) 

 
0.002** 

o PLA2R and IgG4 4 (40%) 0 (0%) 0 (0%)  
o PLA2R and MBL 0 (0%) 0 (0%) 0 (0%)  
o IgG4 and MBL 1 (10%) 4 (50%) 0 (0%)         

Positive for one 
indicator 

3 
(30%) 

2 
(25%) 

2 
(67%) 

 
0.510 

o PLA2R  3 (27%) 0 (0%) 0 (0%)  
o IgG4  0 (0%) 2 (25%) 2 (67%)  
o MBL 0 (0%) 0 (0%) 0 (0%)  

Triple negative 0 2 1  
 (0%) (25%)  (33%) 0.231 

** - Statistically significant difference at p < 0.01  
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- sMN: All (67%) are positive for IgG4 

• There are triple negative patients in the iMN and sMN groups and none in the pMN 
group. 

3. The frequency of PLA2R, IgG4, MBL deposits did not show a significant 
difference between patients with and without DM. 

Task 5: To determine the relative share of IgG4 positive according to the type 
of MN - pMN, iMN and sMN 

IgG4 data is available for 72 patients, 45 with pMN, 18 with iMN and 9 with sMN. 
A total of 50 patients are positive for IgG4, constituting 68.50% of the entire group. 
In the pMN group, 34 (74%) are positive, in iMN 12 (67%) are found positive and 
in sMN 4 (44%) are positive. The relative share of IgG4 positives is highest in pMN 
patients and lowest in the sMN group, but the difference between types of MN did 
not reach statistical significance, p = 0.216 (Fig. 12). 

 

 
Figure 12: Distribution of IgG4 positive patients overall and according to MN type 

Task 6. To determine the relative share of positive for MBL cases according to 
the type of MN - pMN, iMN and sMN 

Of a total of 72 patients with MBL data, 20 (27%) are positive. In the pMN group, 
the relative share of positives amount to 31% (14 out of 45); in the iMN group, the 
positives make up 33% (6 out of 18); no positive cases are found in the group  sMN. 
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The difference between types of MN regarding the relative proportion of positive 
patients for MBL did not reach statistical significance, p = 0.100 (Fig. 13). 

 
 

Figure 13: Distribution of MBL positive patients overall and according to MN type 

6.1 Distribution of MBL positive cases according to MN stage 

According to the stage of MN, 6 (8%) patients are categorized as stage I, 35 as stage 
II (49%), 24 (33%) as stage III and 7 (10%) as stage IV stage. MBL-positive patients 
according to MN stage account for 33% (2/6) of those in stage I, 31% (11/35) of 
patients in stage II, 25% (6/24) of patients in stage III and 14% (1/7) in stage IV. 

The highest relative proportion of patients with positive results for MBL is found in 
stage I and a slight decrease was observed with each subsequent stage, but the 
difference did not reach statistical significance, p = 0.641 (Fig. 14). 
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Figure 14: Relative proportion of MBL-positive patients at different stages of MH 

6.2 MBL positive patients with diabetes mellitus 

In the group of patients with diabetes mellitus, 64% are negative for MBL and 36% 
are positive. In the group of patients without diabetes mellitus, 74% are negative and 
26% positive for MBL. The relative proportion of positive for MBL is 10% higher 
in patients with diabetes mellitus, but the difference did not reach statistical 
significance, p = 0.401 (Fig. 15). 
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Figure 15: Relative proportion of positive and negative patients for MBL relative to 
diabetes mellitus 

Summary of main trends for Task 5 and 6 

1. A high relative proportion of positive patients for IgG4 (68.50%) is found in the 
studied group of patients, with the highest relative proportion (74%) in the pMN 
group and the lowest in the sMN group (44%), but without significance of the 
difference between types of MN. 

2. Overall, the relative proportion of MBL-positive patients is 27%, with a higher 
relative proportion in the iMN group (33%) and no cases in the group with sMN. The 
difference between MN types regarding the relative proportion of MBL-positive 
patients did not reach statistical significance. 

3. The highest relative proportion of patients with positive results for MBLis found 
in stages I and II with a gradual decrease in subsequent stages, but without 
significance of the difference. 

4. The relative proportion of positive for MBL is 10% higher in patients with diabetes 
mellitus compared to those without diabetes mellitus, but the difference did not reach 
statistical significance. 

Task 7: To analyze the relationship between serum APLA2R level with eGFR, 
albumin and proteinuria 

The relationship between serum APLA2R level and eGFR, albumin and proteinuria 
is examined by Spearman rank-order correlation. The results (Table 9) show a 
significant positive association between serum APLA2R level and proteinuria (rs = 
0.425, p = 0.005) and a significant negative association between serum APLA2R 
level and albumin (rs = -0.577, p < 0.001). No significant association is observed 
between serum APLA2R and eGFR (p = 0.106). 

Table 9: Results of correlation analysis with Spearman's rank correlation on the 
relationship between serum APLA2R level with proteinuria, albumin and eGFR 
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Fig. 16 Illustrates the significant positive association between serum APLA2R level 
and proteinuria, and Fig. 17 the significant negative association between APLA2R 
in serum and albumin. 

 

 
**- Significant association at p < 0.01 

Figure 16: The significant positive 
association between serum APLA2R 
and proteinuria 

 
***- Significant association at p < 
0.001 

Figure 17: The significant negative 
association between APLA2R in 
serum and albumin 

Summary of results for Task 7 

Serum APLA2R level has a significant association with disease activity regarding 
the following parameters: 

• Significant positive association between APLA2R levels in serum and proteinuria. 
An increase in APLA2R in serum is associated with an increase in proteinuria. 

• Significant negative association between APLA2R levels in serum and albumin. 
An increase in APLA2R in serum is associated with a decrease in albumin. 

APLA2R in serum Proteinuria 
(mg/ml ) 

Albumin 
             (g/L) 

eGFR 

Spearman (rs)   
(95% CI) 

0.425 
(0.129 до 0.651) 

-0.577 
(-0.766 до -0.296) 

-0.250 
(-0.519 до 0.059) 

p-value  0.005** 0.000*** 0.106 
**- Significant association at p < 0.01; ***- Significant association at p < 0.001 
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Task 8: Therapy results. 

8.1 Overall of the studied group 

As complete remission, we consider the absence of nephrotic syndrome (absence of 
edema, normal values of total protein, albumin, cholesterol and triglycerides) and 
negative values of APLA2R and proteinuria below 1.0 g/24h. 

As clinical remission, we consider reduction/absence of edema, absence of nephrotic 
manifestations with persistence of proteinuria from 1 to 3g/24h. 

 
***- Statistically significant difference at p < 0.001 

Figure 18: Distribution of patients by treatment outcome 

8.2 According to the type of MN 

Complete remission is found in 66% (31/47) of patients with pMN; in 60% (12/20) 
of the iMN group and in 42% (5/12) of the sMN group.  

Clinical remission occurred in 22% (10/47) of patients with pMN; in 10% (2/20) of 
the iMN group and in 8% (1/12) of the sMN group.  

Spontaneous remission is reported in 2% (1/47) of the pMN group; in 15% (3/20) of 
iMN patients and in 0% of the sMN group.  
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Overall, the relative proportion of patients in remission was significantly higher in 
patients with pMN (90%) and iMN (85%) compared to those with sMN (50%), p = 
0.006.  

6% (3/47) of patients with pMN had no effect of the therapy; 15% (3/20) of the iMN 
group and 33% (4/12) of the sMN group.  

The higher relative proportion of patients with no treatment effect in the sMN group 
was statistically significant, p =0.023 (Fig. 19). 

 
***- Statistically significant difference at p < 0.05 

Figure 19: Distribution by treatment outcome and type of MN 

8.3 Type of therapy and relation with therapy outcome 

Data on the type of therapy and the outcome of therapy is summarized in Table 10. 
In patients with complete remission, the highest relative proportion of patients, 29%, 
were treated with corticosteroid + cyclophosphamide + azathioprine; 

24% of patients were treated with different therapeutic regimens, but achieved 
complete remission only after the inclusion of tacrolimus (TKR). 

17% with corticosteroid+ cyclophosphamide; 

17% with corticosteroid +cyclophosphamide +mycophenolate mofetil; 
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13% with corticosteroid+ cyclophosphamide +mycophenolate mofetil + 
azathioprine. 

The remaining types of therapy have a low relative share among patients with 
complete remission, and corticosteroid monotherapy was not performed. 

Table 10: Type of therapy and relation with therapy outcome 

 
8.3 Treatment outcome in patients positive for PLA2R (immunohistochemistry) 

The focus of the present analysis is on PLA2R-positive (IHC) patients, but for 
comparison we have also included the results for the group negative for the same 
marker.  

The group- positive for PLA2R (IHC), is  significantly dominated by those who 
achieved complete remission 67% (p < 0.001). Clinical remission was observed in 
21%; spontaneous remission in 2% and no effect in 5%. For two patients, information 

Type of therapy Complete 
remission 

(n =48) 

Clinical 
remission 

(n=13) 

Spontaneous 
remission 

(n=4) 

No 
effect 
(n=10) 

Corticosteroid + cyclophosphamide 8 
(17%) 

6 
(46%) 

0 
(0%) 

4 
(40%) 

Corticosteroid + cyclophosphamide + 
azathioprine 

14 
(29%) 

0 
(0%) 

0 
(0%) 

1 
(10%) 

Corticosteroid + cyclophosphamide + 
mycophenolate mofetil 

8 
(17%) 

4 
(30%) 

0 
(0%) 

1 
(10%) 

Corticosteroid + cyclophosphamide + 
mycophenolate mofetil + azathioprine 

6 
(13%) 

2 
(16%) 

0 
(0%) 

0 
(0%) 

Corticosteroid + cyclophosphamide + 
tacrolimus 

2 
(4%) 

0 
(0%) 

0 
(0%) 

2 
(20%) 

Corticosteroid + cyclophosphamide + 
azathioprine + tacrolimus 

1 
(2%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

Corticosteroid + cyclophosphamide + 
mycophenolate mofetil + tacrolimus 

4 
(8%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

Corticosteroid + cyclophosphamide + 
mycophenolate mofetil + azathioprine + 
tacrolimus 

2 
(4%) 

1 
(8%) 

0 
(0%) 

0 
(0%) 

Corticosteroid + tacrolimus 1 
(2%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

Corticosteroid 0 
(0%) 

0 
(0%) 

0 
       (0%) 

1 
(10%) 

Corticosteroid + azathioprine + tacrolimus 2 
(4%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

No therapy was administered 0 
(0%) 

0 
(0%) 

4 
(100%) 

1 
(10%) 
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about the outcome of the treatment was missing. Among patients negative for 
PLA2R (immunohistochemistry), those with complete remission also significantly 
predominated (58%), p < 0.001. Between the groups, it is striking that the relative 
proportion of patients with complete remission is 9% higher in the group with 
positive PLA2R (IHC) data, as well as the relative proportion of patients with clinical 
remission, which was 11% higher than that in the PLA2R negative group (IHC). Also 
striking is the higher relative proportion (by 11%) of patients with no response to 
therapy in PLA2R-negative (IHC) patients. Overall, a similar distribution of 
treatment outcome emerged in positive and negative patients, with no significant 
difference between them (p = 0.204). If we summarize the results for the types of 
remission, in PLA2R-positive (IHC) patients, therapy led to remission in 90% of 
them compared to 78% in negative patients, but the difference of 12% was not 
significant (p = 0.186 ). 

 
***- Significantly higher relative proportion at p < 0.001 

Figure 20: Distribution by treatment outcome in PLA2R positive and negative 
(immunohistochemistry) patients 

8.4 Treatment outcome in MBL-positive patients 

A total of 20 patients are positive for MBL. In 15 of them (75%) complete remission 
is achieved, in 5% (n=1) clinical remission and in 5% (n=1) spontaneous remission. 
Patients with no effect account for 10% and information is missing for one patient. 
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The relative proportion of patients with complete remission significantly dominates 
among the other options, p < 0.001. 

Compared to MBL-negative patients, the relative proportion of patients with 
complete remission is 15% higher in positive patients, but the difference did not 
reach significance (p = 0.278). 

 
***- Significantly higher relative proportion at p < 0.001 

Figure 21: Distribution by treatment outcome in MBL positive and negative patients 

8.5 Treatment outcome in IgG4-positive patients 

A total of 50 patients showed positivity for IgG4. Complete remission is achieved in 
64% of them, clinical remission in 16% and spontaneous remission in 6%. 8% had 
no effect from the therapy and 6% lacked information about the outcome of the 
therapy. The relative proportion of patients with complete remission significantly 
dominate the other options, p < 0.001. 

The distribution in the group of patients with negative results for IgG4 is very similar. 
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***- Significantly higher relative proportion at p < 0.001 

Figure 22: Distribution by treatment outcome in IgG4 positive and negative patients 

Summary of results for Task 8 

1. As a result of therapy, 82% of patients achieved remission, including 61% with 
complete remission, 16% with clinical remission, and 5% with spontaneous 
remission. 

2. According to the type of MN, the relative proportion of patients in remission is 
significantly higher in patients with pMN and iMN compared to those with sMN. 

• 90% of the pMN group (66% complete, 22% clinical and 2% spontaneous) 

• 85% of the iMN group (60% complete, 10% clinical and 15% spontaneous) 

• 50% of the sMN group (42% complete, 8% clinical and 0% spontaneous) 

3. A significantly higher proportion of patients with no effect of therapy is found in 
the sMN group. 

4. No strong trends are identified between type of therapy and treatment outcome 
due to the wide range of therapies. However, we can mention the following clearer 
trends. 
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• Patients with complete remission - All received therapy, with the highest relative 
proportion of patients with complete remission (29%) treated with corticosteroid + 
cyclophosphamide + azathioprine. 

• Patients with clinical remission: 46% were treated with corticosteroid + 
cyclophosphamide; 30% with corticosteroid +cyclophosphamide + mycophenolate 
mofetil; 

• Patients with spontaneous remission - no therapy was applied. 

• Patients without effect - The highest relative proportion (40%) were treated with 
corticosteroid + cyclophosphamide; 20% with corticosteroid + cyclophosphamide + 
tacrolimus. 

5. Outcome of therapy in PLA2R-positive patients (IHC). 

• In PLA2R-positive patients, therapy resulted in remission in 90% (67% complete, 
21% clinical and 2% spontaneous). 

• The relative proportion of patients in remission is higher in positive (90%) 
compared to negative patients (78%), but the difference is not significant at 12% (p 
= 0.186). 

6. Outcome of therapy in MBL-positive patients 

• In MBL-positive patients, therapy resulted in remission in 85% (75% complete, 5% 
clinical and 5% spontaneous). 

• The relative proportion of patients in remission did not differ between positive and 
negative patients. In both groups it amounts to 85%. 

7. Outcome of therapy in IgG4-positive patients 

• In IgG4-positive patients, therapy resulted in remission in 86% (64% complete, 
16% clinical and 6% spontaneous). 

• The relative proportion of patients with remission in IgG4 positive patients is 3.5% 
higher compared to negative patients (82.5%), without a significant difference. 
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Chapter V 

Discussion 

Task 1: To categorize the patients into three groups (pMN, iMN and sMN), 
according to the criteria available and described above in the review for 
primary, idiopathic and secondary MN. 

The average age of patients with MN in our patient group is: pMN (54.51±15.87 
years); iMN (52.40±15.64 years) and sMN (62.67±17.14 years), these data 
correspond to the data described by other sources, including the characteristic MN 
increase in age in patients with sMN. A total of 67 (85%) of the patients are 
categorized with essential MN (pMN and iMN) and 12 (15%) with sMN. Regarding 
the primary/secondary distribution, the data quoted from other sources is 70-80% for 
pMN and 20-30% for sMN. The percentage of sMN in our group is lower - 15%. 

In our patients, the 2:1 ratio between men and women, which is established and 
described in the foreign literature, is missing. The gender distribution according to 
the type of MN in our study is 38 men (57%) and 29 women (43%) for eMH. And 9 
patients (75.00%) male and 3 patients (25.00%) female for sMN. In the group we 
studied, the ratio is 3:1 only when it comes to sMN, with a trend towards equalization 
between the sexes when it comes to eMN (57%- male:43%- female). 

Task 2: To determine the frequency and type of IgG4, PLA2R and MBL 
deposits according to the type of MN. 

Triple-positive for PLA2R/IgG4/MBL are 27% of the pMN group and 0% of the 
other two groups, with a significant difference, p = 0.013. Triple positive patients are 
not found in the sMN group (0%). 

• Double-positive patients for PLA2R/IgG4 constitute 47% of the pMN group and 
are not found in the other two groups (0%), with significance of the difference, p < 
0.001. 

• Double /+/ results for IgG4/MBL – 4% of pMN, 33% of iMN and 0% of sMN. 
There are only two patients with pMN /+/ IgG4/MBL positive who are categorized 
as pMN due to /+/ APLA2R in serum. From the sources described in the literature, 
there are described sporadic cases of /+/ APLA2R only in serum, and /-/ from KB 
material, even when the material is processed by immunofluorescence. These two 
cases confirm the theory of epitope spreading and later formation of antibodies to 
PLA2R, since in our patients antibodies in serum were examined at a later stage of 
the disease, while immunohistochemistry was performed on kidney tissue at the 
onset of the disease and before therapy. If the IHC result was triple /-/, these patients 
would not be included in the general group, because sometimes mistakes in fixation 
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and storage of the paraffin block give /-/ IHC results, this happens when the material 
was not stored or fixed in paraffin properly and the antibodies are destroyed. But in 
our patients, this was not the case because they both tested positive for IgG4/MBL 
and we do not have triple negativity. 

Double /+/ for IgG4/MBL are mainly found in iMN patients. There are no patients 
double positive for IgG4 and MBL in sMN patients. Double /+/ patients for PLA2R 
and MBL are not found in any of the groups- 0%. 

Positive patients for one indicator: 

• In the pMN group, 24% positive cases for PLA2R are found and not observed in 
the other two groups (0%), with significance of the difference, p < 0.001. 

• IgG4-only positive patients constitute 2% of the pMN group, 33% of iMN and 44% 
of sMN patients, with a significant difference between the pMN group and the other 
two groups, p < 0.001. 

Vladimir Tesar, like many other sources, found that IgG4 deposition is typical for 
pMN, and IgG1, IgG2, and IgG3 for sMN, C1q especially in membranous (class V) 
lupus nephropathy. The high rate of IgG4-only positivity in the sMN patients in our 
cohort, which exceeded that of iMN, is surprising. 

• No MBL-only positive patients are identified in either group. 

Triple-negative patients predominate among sMN patients, comprising 56% of the 
group and 44% of iMN. 

In pMN group there are no triple /-/ cases. 

From the iMN group, 33% are double /+/ for IgG4/MBL, 33% /+/ for IgG4 and 33% 
are triple/-/ negative. In triple negative cases it is possible that the deposits are from 
IgG1, IgG2, IgG3 and then complement activation to occur via a non-lectin pathway. 

Conclusions from Task 2: 

Triple /+/ for PLA2R/IgG4/ MBL, double /+/ for PLA2R/IgG4 or /+/ for PLA2R 
only, occur only in pMN. 

The presence of a double /+/ for IgG4/MBL supports activation of the lectin pathway 
and is mainly found in iMN. 

The absence of a double /+/ for PLA2R/MBL indicates that IgG4 is required for the 
activation of the lectin pathway of complement. 
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Only IgG4 deposits predominate in patients with iMN and sMN, with sMN leading, 
i.e. the presence of only IgG4 should not be used as a marker for eMN (pMN and 
iMN). 

The high percentage of IgG4 positivity in sMN patients and the lack of + for MBL 
deposits in the same group indicates that in sMN patients complement activation is 
not through the lectin pathway. These IgG4 are most likely directed against 
implanted in GBM tumor antigens. Patients with sMN are either /-/ for any deposits 
or /+/ for IgG4 only - 44%. 

The absence of patients /+/only for MBL, and the presence of MBL only in 
combination with IgG4 (without or with PLA2R) supports the data that activation of 
the lectin pathway requires IgG4. 

Task 3: Correlation between APLA2R antibodies present in serum and the 
number of PLA2R positive IHC cases and their significance in establishing the 
definitive diagnosis. 

There is a high concordance rate of 87.60% between the diagnosis of positive and 
negative cases by IHC and APLA2R in serum. The sensitivity is calculated to be 
91.42% and the specificity 82.60%. 

The convenience of IHC is that patients can be examined after therapy has already 
been carried out and is a suitable method for scientific purposes. In daily practice, 
when processing fresh material from KB, a more suitable method is the 
immunofluorescence test against PLA2R, and the co-localization of PLA2R with 
MBL can be seen. 

The diagnostic ability of APLA2R in serum as a marker for the presence of 
pMN. 

APLA2R positivity in serum showes a high accuracy rate of 95% in the diagnosis of 
primary MN, with a sensitivity of 90% and a specificity of 100%. In comparison, 
Sanjeet Roy and colleagues in 2017, in their study of 153 patients with MN, found 
that PLA2R immunohistochemical testing had a sensitivity of 70.2% and a 
specificity of 96.6% in differentiating primary from secondary MN in their study. 

The presence of /+/ APLA2R in serum is a reliable and precise marker for the 
diagnosis of MN, but it is the clinician who determines the type of MN (pMN, iMN 
or sMN). APLA2R in serum can be positive in hepatitis patients, cancer patients and 
in patients with other autoimmune diseases. 

Patients with MN and hepatitis B are thoroughly reviewed and discussed before the 
final categorization into a specific type of MN. With negative viral replication but 
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persistence of APLA2R antibodies in serum and nephrotic syndrome activity, these 
patients were classified as pMN and responded to pathogenetic therapy for MN. 
Patients with hepatitis B and persistent nephrotic syndrome that responded only to 
initiation of antiviral therapy were classified as patients with sMN. This contributed 
to such categorical statistical results. The type of MN in each patient was determined 
after IHC and detailed examination and discussion of each patient. 

Task 4: Type of deposits - IgG4, PLA2R and MBL, in patients with diabetes 
mellitus. 

24 patients (30%) suffered from diabetes mellitus (DM), of which 23 with type 2 
diabetes and one patient with type 1. Our work confirms the data described by other 
sources that MN is mainly found in patients with type 2 diabetes. 

Triple /+/ patients were 10% less in the DM group, but again only seen in pMN 
patients. This confirms what we have noticed for years, in DM patients there is a 
lower percentage of APLA2R /+/ patients. 

Double /+/ patients are 10% more in the DM group and have the following 
distribution: 

- from pMN: 40% positive for PLA2R and IgG4 and 10% positive for IgG4 and MBL 

- from iMN: All (50%) positive for IgG4 and MBL 

Positive for one indicator and type of MN. 

There are positives for one indicator in all three groups, but with the largest relative 
share in sMN group. The percentage of IgG4 positives in patients with sMN and DM 
is substantial. 

Distribution of DM patients by type of MN and comparison with the total 
number. 

In the studied group of 79 patients, the distribution of DM patients according to the 
type of MN was as follows: 11 with pMN, constituting 24% of the pMN group; 10 
with iMN, comprising 50% of the iMN patient group; 3 with sMN, comprising 25% 
of the sMN group. The relative proportion of DM patients was significantly higher 
in the iMN group compared to the pMN and sMN groups, p = 0.045. 

William G. Couser in his article on pMN describes the following: most cases have 
circulating IgG4 autoantibodies to podocyte membrane antigen PLA2R (70%), 
biopsy-proven PLA2R staining indicating recent immunologic disease activity 
despite negative antibody levels (15%), anti-THSD7A (3%–5%). The remaining 
10% probably have pMN secondary to a different, as yet undiscovered, anti-podocyte 
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antibody. The percentages reported by Wenbin Liu et al. for pMN: PLA2R1 
associated, THSD7A associated, NELL-1 associated, are 70–80, 3–5, and 5–10%, 
respectively. Therefore, there remain 5-22%, which are not antigen associated or the 
antigen has not yet been detected. 

From our results, besides confirming that diabetics have 10% less PLA2R 
/+/positivity, we also find that 50% of iMN patients are with diabetes, while these 
same patients occupy only 24% of patients with pMN and 25% of those with sMN. 
The predominance in diabetics of iMN and /+/ in 50% of them for IgG4/MBL, speaks 
in favor of a predominantly lectin pathway of activation of the complement cascade. 

Explanation of the high percentage of patients with iMN and DM 

In the first stage of diabetic nephropathy (DN), there is a thickening of the GBM, 
with glycation of structural proteins, the anionic filling decreases and the filtration 
of negatively charged proteins increase. In DM, glycation of proteins leads to 
conformational changes in them. In the thickening stage of GBM, collagen binds and 
accumulates albumin, immunoglobulins and other proteins, but bound there these 
changed immunoglobulins do not lose their ability to form immune complexes with 
other antigens and antibodies, which activates the complement cascade. It is possible 
that the reduced anion charge is the trigger for deposition of agalactosylated IgG and 
activation of the lectin pathway. 

At this stage, a "switch" occurs and instead of DN, MN develops. DN stops at the 
level of GBM thickening, after which immunological conflict and transformation of 
pathoanatomical changes characteristic for MN occur. If those spatially modified and 
glycosylated are immunoglobulins type IgG4, the lectin pathway is activated, if it is 
another type of immunoglobulin, the classical pathway is activated, and there is 
evidence of activation of the alternative pathway as well. Abnormal glycosylation of 
immunoglobulins is the initiating factor for complement activation, the most durable 
subject of abnormal glycation is IgG4, but it is not the only one, so no strict and 
regular relationship between types of MH and IgG subtypes can be established so 
far. Abnormally glycosylated proteins can be targeted against own conformationally 
altered/unaltered proteins or from implanted ones in DM and/or chronic 
inflammatory process. We may never be able to identify all types of antigen-
associated MN. iMN will always be there, as well as unknown/undetected antigens, 
and the emergence of new ones is possible, which is closely related to environmental 
pollution, various activities and various chronic inflammatory diseases in humans. 
Importantly, diabetics are more likely to develop MN and account for 50% of patients 
with iMN. 

Task 5: Positive for IgG4 cases and MN type. 
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A total of 50 patients are positive for IgG4, constituting 68.50% of the entire group. 
In the pMN group, 34 (74%) are positive, in iMN 12 (67%) are positive and in sMN 
4 (44%) are positive. The relative share of IgG4 positives is highest in pMN patients 
and lowest in the sMN group, but the difference between types of MN did not reach 
statistical significance. The presence of IgG4 cannot be used to differentiate primary 
from secondary MN. 

Task 6: Positive cases for MBL. 

Of a total of 72 patients with MBL data, 20 (27%) are positive. 

The highest relative proportion of patients with positive results for MBL is found in 
stages I and II with a gradual decrease in subsequent stages. 

 

M. Endo et al. found deposition of MBL/MASP-1 in patients with IgA nephropathy 
mainly in younger people and in the early stage of the disease. We did not find 
established relationship between MN stage and MBL deposition described in the 
literature so far. There are very few data on this issue for IgA nephropathy as well, 
authors describe marked histological changes, more severe proteinuria, and more 
rapid progression to CKD in MBL-positive patients. 

Distribution of MBL positive cases by type of MN. 

In the pMN group, the relative share of positive cases for MBL amounts to 31%; in 
the iMN group, the positives make up 33%; no positive cases are detected in the sMN 
group, despite the presence of IgG4. 

From IHC, positive MBL is detected only in combination PLAR/IgG4/MBL or 
IgG4/MBL, it is not detected alone and in sMN. Most likely, IgG4 in sMN, are not 
abnormally glycosylated, but are a response to the antigens implanted in the GBM 
from the primary disease- malignant/autoimmune or other. 

The relative proportion of MBL positives was 10% higher in patients with diabetes 
mellitus. 

Task 7: Significance of APLA2R antibody level in serum for disease activity. 

Serum APLA2R level showed a significant association with disease activity. An 
increase in APLA2R in serum is associated with an increase in proteinuria and a 
decrease in serum albumin. 

APLA2R level in serum can be used as a marker of disease activity, be widely used 
for early diagnosis of relapse and one of the markers of complete remission of the 
disease. It is a cornerstone in the diagnosis, differentiation of pMN and in the therapy 
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of the disease, without which the treatment of these patients is tantamount to blind 
treatment. Its routine use is associated with an increase in the quality of 
treatment, a faster finding of the appropriate therapeutic combination and a 
reduction of the secondary effects of the therapy. 

Task 8: Outcomes of therapy 

As a result of therapy, remission occurred in 82% of patients, including 61% with 
complete remission, 16% with clinical remission and 5% with spontaneous 
remission, in 13% no effect was observed and in 5% we have no information on the 
course of the disease due to non-appearance and corresponding lack of follow-up. 
Impressive is the low rate of spontaneous remission in our patients compared to the 
1/3 of cases described in the literature. This is probably due to the low biopsy activity 
in Bulgaria. Many patients reach ESCKD after years of follow-up with multiple 
working and unproven diagnoses, the most abused one being diabetic nephropathy. 

To correctly account for spontaneous remission, these patients must be hospitalized 
and biopsied on time. Spontaneous remission is most likely occur in the outpatient 
setting as patients bounce between different types of specialists. The rate of 
rebiopsies is also very low, there are cases diagnosed with Minimal changes and 
subsequently diagnosed with MN. The number of qualified pathologists, laboratory 
assistants and laboratories capable of adequately accepting and processing the 
material after KB is insufficient. 

 

Results of therapy according to the type of MN. 
 

Complete remission: 

66% (31/47) of patients with pMN; 

60% (12/20) in group of iMN 

42% (5/12) in group of sMN. 

 

Clinical remission: 

22% (10/47) of patients with pMN; 

10% (2/20) in group of iMN  

8% (1/12) in group of sMN  

  

Spontaneous remission: 

2% (1/47) in group of pMN; 

15% (3/20) of patents with iMN 

0% in group of sMN. 

 

Without therapeutic effect: 

6% (3/47) of patients with pMN; 

15% (3/20) in group of iMN 

33% (4/12) in group of sMN
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The relative proportion of patients in remission was significantly higher in patients 
with pMN (90%) and iMN (85%) compared to those with sMN (50%).  

Spontaneous remission is mainly observed in iMN. 

The higher relative proportion of patients with no effect of therapy in the sMN group 
is statistically significant and explainable. The number of unmonitored patients in 
this group is also higher, especially those with oncological diseases. 

 

Type of therapy versus to the outcome of the therapy 

 

Patients with complete remission 

The highest relative proportion of patients with complete remission, 29%, were 
treated with corticosteroid /CS/ + cyclophosphamide / CFD / + azathioprine / AZA/; 

Secondly, 24% of patients were treated with different therapeutic regimens, but 
achieved complete remission after the inclusion of tacrolimus /TKR/. 

The remaining types of therapy have a low relative share among patients with 
complete remission, and monotherapy with CS in this group is not conducted. 

  

Patients in clinical remission 

46% were treated with CS+ Cyclophosphamide; 

30% with CS+ Cyclophosphamide + MM; 

16% with CS+ Cyclophosphamide + MM+ AZA; 

8% with CS+ Cyclophosphamide + MM+ AZA+ TKR. 

  

In the patients without effect, the highest relative proportion (40%) were treated 
with CS + Cyclophosphamide. 
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Treatment outcome in PLA2R-positive patients 

Between the PLA2R-negative and positive groups, it is striking that the relative 
proportion of patients in complete remission was 9% higher in the PLA2R-positive 
group, as was the relative proportion of patients in clinical remission, which was 11% 
higher higher than that of the PLA2R-negative group. Overall, PLA2R-positive 
patients had a remission rate of 90%, while PLA2R-negative patients had a remission 
rate of 78%. 

In PLA2R-positive patients we have a target antigen, whereas in iMN there is chronic 
suffering, established/unestablished and not treated, which leads to continuous 
activation of the complement pathway. And in the case of sMN, it is necessary to 
first influence the main disease and then remission occurs. 

Conclusions from Task 8 

Therapy with only CS+ Cyclophosphamide leads more to clinical remission than 
complete remission - 47/17%. The highest percentage of complete remission has 
patients on therapy with CS+ Cyclophosphamide +AZA, which, in the absence of 
contraindications and side effects, is a good option for starting therapy. In the 
absence of a satisfactory effect or the appearance of side effects, its alternative is the 
CS+ Cyclophosphamide +MM therapy. In the absence of effect from the mentioned 
combinations, it is appropriate to switch to CS+TKR with subsequent gradual 
removal of CS if complete remission persists. In a particularly severe case, the direct 
initiation of CS+TKR is fully justified, but very careful judgment when and how to 
stop TKR, due to the high rate of relapse in these patients, after stopping tacrolimus. 
APLA2R and MBL positives had higher rates of achieving complete and clinical 
remission than negatives, and IgG4 positivity showed no effect on rates of remission 
achieved in positives and negatives. 
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9. Hypothetical pathogenetic model of MN. 

MN occurs as a result of a chronic inflammatory process in the body (hepatitis, 
thyroiditis, chronic cholecystitis, carcinoma, air pollution, etc.). As a result of the 
chronic inflammatory process, the amount of agalactylated IgG glycoforms 
increases. They are directed to the GBM either because antigens from the underlying 
disease are implanted there (E antigen in hepatitis B, CEA, thyroglobulin and 
thyroperoxidase), or they are filtered due to the reduced anion charge of the GBM in 
DN, immunization and other reasons leading to reduced anionic filling. 

An antigen-antibody complex is formed in situ: 

1. IgG4- PLA2R, in the presence of air pollution, PLA2R1 is expressed not only by 
podocytes but also by lung macrophages. Prototype of pMN. 

2. IgG4- Thyroglobulin (TG)/thyroperoxidase (TPO)/ other antigens from an 
existing chronic inflammatory process in the body with/without DM. The 
examination of thyroglobulin (TG) and thyroperoxidase (TPO) in subepithelial 
deposits is not done systematically and may account for a large proportion of patients 
with iMN. Prototype of iMN. 

3. IgG4-MBL-antigen /own or foreign/ in patients with diabetes mellitus. A large 
proportion of patients with iMN. 

4. IgG4-E antigen in hepatitis B (CEA/other tumor antigen). Prototype of sMN. 

When the chronic inflammatory process persists, epitope spreading occurs and 
patient becomes APLA2R positive. There are cases of chronic hepatitis, carcinoma, 
sarcoidosis, etc. positive for APLA2R, improving from pathogenetic therapy. 
Sensitization to another podocyte antigen may occur at a later stage. Therefore, there 
are patients positive for APLA2R and THSD7A. (Table 11). 

When the chronic inflammatory process is interrupted, when the exposure to harmful 
fine particulate matter in lungs is stopped, in early stage of the disease and absence 
of sensitization to podocyte antigens and especially in patients with iMN, 
spontaneous remission can occur. 

In pMN, GN with autoimmune genesis is present, and therefore the percentage of 
patients with complete and clinical remission in this group is higher. 
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Table 11: Hypothetical pathogenetic model of MN. 
pМN 
 
Induced by 
chronic irritation 
and  
inflammation in 
the lung and 
development of 
antibodies 
against podocyte 
antigens. 

 
. 

iМN 
 
Induced by chronic 
inflammatory process, MN 
has become a separate 
nosological entity. 
 
 

 
 

sМN 
 
Induced by other main 
disease, MH has not 
yet become a separate 
nosological unit. 

Antigens are 
expressed by 
podocytes 

 
 
 
 
 
 
→→→ 
1%       
 
Sensibilisa 
tion to 
THSD7A 

Antigens, which do not 
originate from GMB, 
being a result from 
chronic inflammatory 
process 
+/- DM 

 Antigens implanted 
by other main 
disease some of 
which are unknown 

PLA2R TG/TPO in AITD Antigens/treponemic/ 
in lues/ 

THSD7A IgG4-MBL- antigen /own 
or foreign/ in patients with 
DM. 

Schistosomic 
antigens 
/Schistosomiasis/  

  
 
 
 
 
 
 
 
 
 
 
Sensibilisation to podocyte 
antigen after epitope 
spreading. 
 

 
 
 
 
 
 
 
 
 
 
 
  
 Sensibilisation to podocyte 
antigen after epitope spreading 
 

CEA /tumors/ 
Unnown antigens- 
Sarcoidosis 
NELL 1 /tumors/ 
Е antigen in chronic 
hepatitis В 
EXT1/EXT2 in SLE 
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Chapter VІ 
CONCLUSIONS 

1. The average age of patients with MN in the presented group corresponds to the 
data described by other sources, but there is a lower percentage of patients with sMN. 
The gender distribution according to the type of MN is 57:43% for eMN:sMN, but a 
3:1 ratio in favor of the male gender when it comes to sMN. 
2. PLA2R/IgG4/MBL triple positive, PLA2R/IgG4 double positive, and PLA2R 
positive cases only occur in pMN patients. 
3. Double positive cases for IgG4/MBL are found mainly in iMN and is in support 
of lectin pathway activation. 
4. Lack of double positivity for PLA2R/MBL indicates that IgG4 is required for 
activation of the lectin pathway of complement. The presence of MBL only in 
combination with IgG4 (without or with PLA2R) indicates that IgG4 is required for 
the activation of the lectin pathway. The present investigation supports the evidence 
by Haddad et al., as well as by Paolo Cravedi, for the role of abnormally glycosylated 
IgG4 in the pathogenesis of the disease. What is new is that there is activation of the 
lectin pathway not only in antigen-associated MN, but also in iMN. 
5. The presence of IgG4 alone cannot be used as a reliable marker to rule out sMN. 
Only IgG4 deposits predominate in patients with iMN and sMN, with sMN being the 
predominant one. In sMN patients, MBL deposits are absent, complement activation 
is most likely not through the lectin pathway. 
6. Concordance 87.60% between the diagnosis of PLA2R positive and negative cases 
by IHC and in serum. The sensitivity was calculated to be 91.42% and the specificity 
82.60%. 
7. High diagnostic value of APLA2R in serum as a marker for MN. An accuracy rate 
of 95% in diagnosing primary MN, with a sensitivity of 90% and a specificity of 
100%. 
8. In MN and DM, type 2 diabetic patients predominate - 96%. The percentage of 
iMN in diabetics is very high - 50% of the total number of patients with iMN, and 
the percentage of PLA2R associated (pMN) is equal to that of sMN. The relative 
proportion of MBL positives is 10% higher in patients with diabetes mellitus. 
Hypothetically, abnormally glycosylated proteins are directed against their own 
conformationally changed/unchanged proteins or from implanted ones in the 
presence of a chronic inflammatory process in the body. At this stage, a "switch" 
occurs and instead of DN, MN develops. 
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9. The highest relative proportion of patients with positive results for MBL was found 
in stage I and a slight decrease is observed with each subsequent stage. To date, no 
relationship between MN stage and MBL deposition has been described and 
established in the literature. 
10. Serum APLA2R level showed significant association with disease activity. 
APLA2R can be used as a marker of disease activity, early diagnosis of relapse and 
one of the markers of complete disease remission. It is a cornerstone in the diagnosis, 
differentiation of pMN and in the therapy of the disease, without which the treatment 
of these patients is tantamount to blind treatment. 
11. Therapy with only CS+cyclophosphamide leads more to clinical remission than 
complete remission. The highest percentage of complete remission have patients on 
CS+cyclophosphamide+ azathioprine therapy, which is a good option for starting 
therapy. Its alternative is the CS+cyclophosphamide+ mycophenolate mofetil 
therapy. If there is no effect from the mentioned combinations, it is appropriate to 
switch to CS+Takrolimus, which guarantees the complete remission of the disease. 
In a particularly severe case, the direct initiation of CS+ Takrolimus is fully justified, 
but very careful judgment when and how to stop Takrolimus, due to the high rate of 
relapse in these patients, after stopping tacrolimus. APLA2R and MBL positives 
have higher rates of achieving complete and clinical remission than negatives, and 
IgG4 positivity showes no effect on rates of remission achieved in positives and 
negatives. 
12. In the literature, different authors interpret the terms idiopathic and primary MN 
in their own way. For practice, it is most appropriate to categorize: antigen-associated 
MN, iMN and sMN. 
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Chapter VІІ 

CONTRIBUTIONS 
CONTRIBUTIONS OF AN ORIGINAL CHARACTER 

 
1. For the first time in Bulgaria, a study of a large group of patients with MN, 
examined for APLA2R in serum, which has high sensitivity and high specificity for 
the diagnosis of MN, is presented. Apart from the diagnosis of MN, APLA2R is a 
major marker for differentiation of MN type and disease activity. 
2. For the first time in Bulgaria, an immunohistochemical study is performed for the 
presence of PLA2R antigen in kidney tissue, a comparison is made with the presence 
of antibodies in serum and their role in diagnosing MN and differentiating the type 
of MN. 
3. For the first time in Bulgaria, the deposition of IgG4 is investigated by IHC in 
kidney biopsy tissue. Its presence in combination with PLA2R in patients with pMN, 
alone in iMN, but also in sMN is confirmed. This refutes the thesis that IgG4 
positivity can be a marker to distinguish eMN(pMN, iMN) from sMN. 
4. It is proven that iMN has a higher frequency in patients with DM and prevails in 
patients with DM type 2. 
5. For the first time, MBL deposition in kidney tissue was investigated by IHC and 
found to have a role in disease pathogenesis not only in antigen-associated MN but 
also in iMN. In the future, this may lead to a new approach in therapy. A relationship 
between the stage of MN and the deposition of MBL is established, which has not 
been described in the literature so far. 
6. A new approach is being developed in the differentiation of the type of MN, given 
the new understanding of pathogenesis and epitope spreading, as well as innovations 
in the understanding and differentiation of primary from secondary MN. 
7. Introducing a new understanding of the pathogenesis of MN and the role that DM 
has in patients with iMN. 
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AFFIRMATIVE CONTRIBUTIONS 
 
1. The significance of APLA2R in serum for diagnosis, treatment and monitoring of 
disease activity is confirmed. 
2.Confirms that there is activation of the lectin pathway and IgG4 is required for its 
activation. 
3. The diagnostic role of KB in patients with diabetes mellitus, the need for screening 
for other pathology and the need for pathogenetic treatment despite the presence of 
DM are confirmed. 
4. The role of MBL in the pathogenesis of the disease is confirmed. 
5. The therapeutic combinations leading to complete clinical remission, as well as 
their alternatives, are analyzed and brought to the fore. 
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Chapter VІІІ 
Scientific publications related to the dissertation work 

 
1. Membranous nephropathies in elderly patients over 60 years old - E.Tilkiyan, 
E.Kumchev, V.Minkova, Y.Ronchev, I.Zdravkova UNION OF SCIENTISTS IN 
BULGARIA - PLOVDIV Scientific works of the Union of Scientists in Bulgaria - 
Plovdiv Series G. Medicine, pharmacy and dentistry Volume XVIII 2015, pages 163-
166 
 
2. SECONDARY MEMBRANOUS NEPHROPATHY WITH IgA DEPOSITS IN 
HODGKIN'S LYMPHOMA 
I. Zdravkova, E. Tilkiyan, V. Minkova, E. Kumchev and M. Koleva-Ivanova. 
National Nephrology Conference, October 2016. Sp. "Nephrology, Dialysis and 
Transplantation" issue 2, 2016, page 21. Summary. 
 
3. PARANEOPLASTIC NEPHROPATHIES - SIGNIFICANCE OF KIDNEY 
BIOPSY FOR DIAGNOSIS AND THERAPEUTIC APPROACH. E. Tilkiyan, V. 
Minkova, E. Kumchev, D. Prokopova, I. Yotovska, I. Erkanyan, I. Zdravkova, S. 
Valova. National Conference on Nephrology, October 2017. Journal "Nephrology, 
Dialysis and Transplantation" no. 4, 2017, pp. 25-31 
 
4. Primary and secondary membranous nephropathy in patients with diabetes 
mellitus  Irina Zdravkova, Eduard Tilkiyan, Stefka Vladeva ISSN 1311-9427 (Print) 
ISSN 2534-9392 (On-line) Scientific works of the Union of Scientists in Bulgaria 
Plovdiv Series G. Medicine, Pharmacy and Dentistry, Vol. XXI, 2020, pp. 190-195 
 
5. Membranous nephropathy in a patient with autoimmune thyroiditis - Irina 
Zdravkova, Eduard Tilkiyan, Yovko Ronchev - Scientific Works of the Union of 
Scientists in Bulgaria - Plovdiv Series G. Medicine, Pharmacy and Dental medicine, 
Vol. XXV ISSN 1311-9427 (PRINT) ISSN 2534-9392 (ON-LINE) VIIIth 
INTERNATIONAL CONFERENCE OF YOUNG SCIENTISTS 2020, p.107-113 
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