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Membranous nephropathy is a condition in which there are compactions in the basement
membrane of the glomeruli and the deposition of proteins between it and the podocytes. These
masses are accepted as the gold standard in the histological diagnosis of membranous
nephropathy. Experimental and clinical studies reveal that these deposits are composed of
immune complexes. Efforts are being made to identify the antigens and antibodies that make up
the complexes. The development of methods for their detection contributes to this - electron
microscopy, immunofluorescence, blotting techniques, ELISA and chemiluminescence. The
research focus falls on podocytes and the antigenic determinants expressed by them. Altered
podocyte antigens trigger a humoral-type immune response. Antibodies are formed which, when
binding to podocyte antigens, activate complement. The end result is destruction of the
glomerular barrier. In 2009, an antigen on human kidney podocytes known as M-type
phospholipase A2 receptor (PLA2R1) was identified. It is established in two-thirds of patients
with PMN. In the remaining patients, other endogenous glomerular antigens with pathogenetic
significance are sought. In this regard, a new antigen known as thrombospondin type 1 domain-
containing 7A protein (THSD7A) was identified in 2014. The autoantibodies to the two new
podocyte antigens were found to be of the IgG class, IgG4 subclass. Complex formation between
antibodies and podocyte receptors damages the glomerular filter and causes overt proteinuria.
Due to the fact that podocyte antigens were discovered relatively recently and data on their
pathogenetic role are still accumulating, the qualitative and quantitative study of serum
autoantibodies is not widely advocated so far. The reference limits for these indicators have not
yet been specified, there is a lack of sufficient data on the influence of gender, age and ethnicity
on these parameters. There are relatively few studies on the analytical reliability of the methods
examining these indicators. The accumulation of new information on these problems will
facilitate the interpretation of the obtained results and support the diagnosis, monitoring and
follow-up therapy of these patients. This defines the topic of the work proposed for review as
current, contemporary and significant.

The dissertation is written on 136 standard pages. It is structured as follows: title page, list
of used abbreviations and content text of the dissertation, grouped into chapters: introduction — 3
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pages, literature review — 38 pages, aim and tasks — 3 pages, material and method — 15 pages .,
results - 19 pages, discussion - 23 pages, conclusions - 2 pages, contributions - 1 page. The
dissertation is illustrated with 34 figures, 22 tables and 2 appendices. The bibliographic reference
includes 371 sources, of which 16 are in Cyrillic and 355 are in Latin. Most of the articles were
published in the last ten years.

The literature review includes six sections, ending with a summary. At the beginning of
the review, an overview of membranous nephropathies was made. It is pointed out that in 70 -
80% of cases it is a matter of primary membranous nephropathy, and in the remaining 20 - 30%
the damage to the glomerulus is secondary to autoimmune, infectious and malignant diseases.
Membranous nephropathy is one of the most common causes of nephrotic syndrome, but its
etiology is still not fully understood. Deposition of immune complexes in the subendothelial
space of the glomerulus is indicated as the main pathogenetic cause. During the analysis of the
structure and function of podocytes, podocyte proteins (PLA2R1 and THSD7A) were identified,
which represent target antigens for in situ formation of immune complexes. It has been pointed
out that structurally they are integral membrane glycoproteins. It is emphasized that podocytes
also express other surface receptors - for C3 fraction of complement, for calcium, for growth
factors. So far, their role in the development of podocyte diseases has not been clarified. It has
been established from clinical practice that in patients with PMN, 80% of cases are positive for
antibodies against PLA2R1. In about 15% of cases with PMN (so-called "idiopathic" cases),
antibodies against PLA2R1 are not demonstrated. In the remaining 3-5%, the antibodies are
directed against other antigens. The classification, biological action and receptors of the enzyme
phospholipase A2 (PLA2) are discussed in detail in the review. The biological function of the
enzyme is associated with antibacterial and antiviral activity, and its participation in lipid
metabolism contributes to the development of atherosclerosis. The receptor for phospholipase Al
(PLA2R1) belongs to the mannose receptor family. On the cell surface, the receptor can be
presented in two forms - elongated or bent. It has been suggested that autoantibodies can bind to
only one of the two conformational forms. Binding of autoantibodies to PLA2R1 activates a cell
signaling cascade that ultimately leads to functional podocyte dysfunction. An association
between PLA2R1 and antigens of the HLA system was sought. HLA molecules have the ability
to present antigens for recognition by T cells. The modified podocyte antigens in complex with
the presenting HLA-protein initiate an immune attack against the podocyte structures. In
Caucasian patients, the presenting protein HLA-DQA1 is involved in the initiation of the
autoimmune response against PLA2R 1, whereas in Asian patients, the HLA-DRB1 allele is more
important for the generation of an immune response against PLA2R1. It has been pointed out that
each autoantigen in membranous nephropathies may have its own HLA risk alleles. The literature
review presents data on the structure, expression and biological action of THSD7A. It is a
glycoprotein involved in tissue remodeling and wound healing. Antibodies directed against
THSD7A are mainly of the IgG4 subclass. Racial differences were observed in relation to the
prevalence of THSD7A autoantibodies. In patients from Asian countries seronegative for
antibodies against PLA2R1, the frequency of THSD7A autoantibodies was 16% to 19%. In
patients from Europe and the United States, the incidence is 8% to 14%. A detailed analysis of
qualitative (polarization interferometry fluorescence and electron microscopy), semi-quantitative
(fluorescence microscopy and immunoblot analysis) and quantitative (ELISA, HLIA) methods
for the estimation of PLA2R1 and THSD7A was performed. The advantages and disadvantages
of each of them are highlighted.



In general, the literature review shows good awareness, critical analysis and logical
integration of scientific facts. The conclusions of the literature review are logical and make a
smooth transition to the next chapter of the dissertation work.

The aim of this thesis is to evaluate the diagnostic reliability of anti-PLA2R1 and anti-
THSD7A results in patients with nephrological diseases.

The goal is clearly and precisely formulated. 7 specific tasks are also logically derived.

The material and method section presents the clinical contingent, comprising 233 persons
aged 20 to 67. The persons were divided into three groups: clinically healthy adults (n = 120),
patients with kidney diseases (n = 113 - 52 with PMN, 12 with SMN, 49 with other
nephropathies), a control group of healthy individuals (n = 50). The selection of healthy
volunteers and patients with nephrological diseases was carried out with the help of specialists
from the Clinic of Nephrology, "KASPELA" UMBAL, Plovdiv. The diagnosis of nephrological
disease was made on the basis of clinical, pathomorphological and immunological criteria.

Clinical-laboratory methods include immuno-enzymatic method for quantitative
measurement of anti-PLAZR1 entibodies and immunofluorescence method for qualitative and
semi-quantitative determination of anti-THSD7A antibodies. The two test sets are produced by
EUROIMMUN, Germany. Hematological, clinical chemistry and urine tests were performed on
the latest generation of automatic analyzers.

The laboratory methods used are modern and reliable. They make it possible to obtain
reliable results corresponding to the generally accepted world standards for similar studies. The
obtained results were processed with modern statistical methods. IFCC recommended software
products were used to determine reference limits and diagnostic reliability of results (RefVAL
version 4.11, MedCalc version 18.5).

The results, a significant part of which have been published, are presented in 8 sections. They are
logically systematized and well illustrated with appropriate tables and figures.

Reference limits for anti-PLA2R1 were determined based on 120 clinically healthy individuals, of
which 59 were male and 61 were female.

Reference limits are as follows: general population - 0.83 - 17.83 RU/ml, men - 0.48 - 18.88 RU/ml,
women 0.60 -18.81 RU/ml.

The influence of the factors gender and age on the serum concentration of anti-PLA2R1 in clinically
healthy subjects was studied. Median anti-PLA2R1 values were 7.39 RU/ml for men and 6.15 RU/ml for
women. Healthy controls were divided by decade into five age groups. The values of anti-PLA2R1 are
highest between the ages of 20 and 30 years, gradually decreasing in the remaining age groups. A
statistically significant difference was found when comparing the group 20-30 years old with three of the
other groups: with 41-50 years old, with 51-60 years old and with 61-67 years old.

The serum concentration of anti-PLA2R1 in PMN patients (213.97+34.92 RU/ml) was statistically
significantly higher than that of healthy individuals (5.32+2.27 RU/ml), and that of patients with ON (3.52
+ 2.08 RU/ml) was statistically significantly lower. The values of anti-PLA2R1 in patients with SMN
(6.34 £2.87 RU/ml) did not differ statistically significantly from healthy controls. When comparing the
patients from the three pathological groups (PMN, SMN, ON) it is striking that the concentration of anti-
PLA2R1 is significantly higher in PMN patients compared to the other two pathological groups. No
difference was found when comparing anti-PLA2R 1 between SMH and ON.

When determining the presence of anti-THSD7A, any result above 20 RU/ml is considered positive.
In the PMN group, the rate of anti-THSD7A positive results was 3.9%. No positive anti-THSD7A results
were found in the patients with SMN and ON. No patients with PMN were simultaneously positive for
anti-PLA2R1 and anti-THSD7A. Of PMN patients, 56% were positive for anti-PLA2R1 and 3.9% were
positive for anti-THSD7A. In the same group of 44% negative for anti-PLA2R1, 8.7% were positive for
anti-THSD7A. All patients with SMN and ON were negative for anti-PLA2R1 and anti-THSD7A.



To assess the diagnostic reliability of the anti-PLA2R1 assay, 233 results were included, of which
the RPs were 29, the RNs were 181, the FPs were 0, and the FN were 23. To determine the critical value
of anti-PLA2R1 with which to distinguish a ROC (receiver-operating characteristic) curve was
constructed for the presence or absence of PMN. The area under the curve (AUC) was 0.714 and the cut
off value for distinguishing PMN positive from PMN negative patients was 19.84 RU/ml. MS is 56%, DS
is 100%, DE is 90%, PPV is 100%, NPV is 88.73%.

To assess the diagnostic reliability of anti-THSD7A results, 134 results were included, RP was 2,
RN was 111, FP was 0, and FNL was 21. Diagnostic sensitivity was 8.69%, diagnostic specificity was
100%, DE was 84.33%, PPV is 100%, the NPV is 84.09%. The obtained results cover the set goal and
tasks of the work and show the ability of the dissertation person to build a scientific hypothesis and critical
analysis of the obtained data.

The discussion shows the author's ability to objectively compare and contrast his data with world
results. It was found that the selection of appropriate methods for the determination of anti-PLA2R1 and
anti-THSD7A depends on the set diagnostic goals. High-sensitivity tests are screening and used in
asymptomatic patients. Confirmatory tests proving the presence of a disease require high specificity.
When comparing the quantitative ELISA method for the determination of anti-PLA2R1 and the semi-
quantitative RC-IIFT for the determination of anti-THSD7A with other qualitative and quantitative
methods, their good diagnostic reliability is established. The tests are easy to perform and do not require
expensive equipment. When determining reference limits of serum anti-PLA2R1 and anti-THSD7A in
clinically healthy adults from the Bulgarian population, it is necessary to observe the conditions for
selection of the reference group. It is required that the relative share of men and women is equal, that the
usual mode of life is observed, and that the collection of the biological material is in accordance with the
standard requirements. When following the biological variations in relation to gender, it turns out that in
the Bulgarian population gender does not affect the serum concentration of anti-PLA2R1. Age is a factor
that affects the concentration of anti-PLA2R1, with the average value of anti-PLA2R1 antibodies being
highest in the age group 20 - 30 years and decreasing in the other groups. It is pointed out that the serum
concentration of anti-PLA2R1 antibodies can be used to distinguish PMN from SMN. Patients with PMN
have a statistically significantly higher concentration of anti-PLA2R1 compared to patients with SMN,
with ON and with health controls.

It is evident from the literature that the prevalence of anti-THSD7A in different populations ranges
from 1 to 10%. Anti-THSD7A positivity obtained by the author was higher both in the total group with
PMN (1% vs. 3.9%) and in the group of anti-PLA2R1 negative patients (4.4% vs. 8.5%).

According to the data of the present study, the ELISA method for the determination of anti-
PLAZ2R1 and the IIF method for the detection of anti-THSD7A show good characteristics of diagnostic
reliability. The two indicators can be used in clinical practice to establish the diagnosis, follow the course
of treatment and prognosis of PMN.

The conclusions of the dissertation - 9 in number - are clearly and precisely defined. They
derive from the results and correspond to the set goals and objectives. 6 contributions were
highlighted - 3 with a scientific and theoretical nature and 4 with an applied nature. For the first
time in Bulgaria, an in-depth study on the changes of anti-PLA2R1 and anti-THSD7A antibodies
in patients with different forms of membranous nephropathy is being carried out. For the first
time, are published data on the influence of gender and age on serum concentrations of anti-
PLA2RI in clinically healthy individuals from the Bulgarian population. For the first time in our
country, the percentage of patients positive for anti-THSD7A in persons from the Bulgarian
population was studied. For the first time in Bulgaria, reference limits of anti-PLA2R1 in serum
from clinically healthy individuals were determined. For the first time in our country, RC-PBT
has been introduced in clinical laboratory practice for the determination of serum anti-THSD7A
antibodies. For the first time in Bulgaria, the site was examined and the significance of the
indicators anti-PLA2R1 and anti-THSD7A for the diagnosis of PMN was determined. A cut-off



value of serum anti-PLA2R1 has been determined that can be used to reliably distinguish patients
with PMN from those with other nephropathies.

I share the contributions of the work, which have both a scientific theoretical and a
scientific applied nature. They are of high national and international scientific and practical value.

The publications in connection with the dissertation work are 4 in number and are in
refereed medical journals. Four reports from scientific forums are also presented.

The abstract meets the requirements. It reflects in a synthesized form the most essential
moments of the dissertation work in all its sections.

In conclusion, based on the material presented to me, I believe that Dr. Yovko Ronchev
has acquired theoretical and methodical knowledge and professional skills, having performed the
planned tasks accurately and systematically. I believe that the volume, content and topicality of
the dissertation meet the requirements of the Law on the Development of the Academic Staff in
the Republic of Bulgaria and I recommend the respected Scientific Jury to award Dr. Yovko
Bonev Ronchev the educational and scientific degree "Doctor - PhD" in professional direction7.1
Medicine, scientific specialty "Clinical Laboratory”
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