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I. OVERVIEW AND BACKGROUND

1. IDIOPATHIC NEPHROTIC SYNDROME - Overview

According to KDIGO guidelines dating from 2012, nephrotic syndrome(NS) is defined by
the presence of sustained proteinuria (protein to urinary creatinine ratio above 2000mg/g or the
presence of more than 3+ proteins on urinary dipstick) and hypoalbuminemia lower than 2.5gr/dl,
along with clinical evidence of oedema. [1] Although there are various childhood-onset glomerular
diseases with similar clinical and biological changes, idiopathic nephrotic syndrome (INS)
represents the most frequent cause. [2] Moreover, in pediatric patients, INS is the most frequently

diagnosed of all inherited glomerulopathies. [3]

Despite massive progress in understanding the role of podocytes — alterations at this level
being responsible for massive proteinuria — the exact etiology of INS remains enigmatic. There is,
however, literature data suggesting implications of immunologic mechanisms in INS debut, as
well as relapses, based on observations showing a direct correlation of both debut and relapses to

concurrent viral infections of the upper respiratory tract. [4]

There are multiple parameters by which INS can be classified: response to steroid therapy,
number of relapses, histological changes in renal biopsy samples, etc. Based on the response to
steroid therapy, patients can be classified as steroid sensitive, with complete remission in the first
4 weeks from treatment initiation, and steroid refractory, with persistent nephrotic proteinuria after
6-8 weeks from treatment initiation. According to 2012 KDIGO guideline, complete remission is
defined as the absence of proteinuria with a protein to urinary creatinine ration lower than 200mg/g
or less than 1+ for proteins on urinary dipstick, for at least 3 consecutive days. [1]. To mention,
some of the initial steroid sensitive patients may experience one or more relapses, with 50% of

them developing frequent relapses and, ultimately, steroid dependance. [5,6]

2. INTERLEUKIN-13 - Overview

Interleukin-13 (IL-13) is a cytokine with a chain of 132 amino acids, encoded by a gene

located of chromosome 5p23-q31, consisting of 6 exons. [7] Actually, there is research interest



related to several single nucleotide polymorphisms(SNPs) for /L-13 gene, like rs1800925 — located
in the promoter region, rs2066960 — located at the level of intron 1, rs1295686- located at the level
of intron 3, rs20541 (Arg144Gln) and rs1295685 — both located at the level of intron 4.

Recently, there have been studies on INS patients looking into genetic polymorphisms for
various molecules shown to be involved in the alterations of glomerular functions. The aim of
these studies was to establish if genetic variability is correlated with disease susceptibility of
disease phenotype. [8] Due to its well-known role in altering podocyte functions and, also, to
literature data showing overexpression of IL-13 in patients with active INS, the latter was one of

the studied molecules for genetic variability. [9,10]

Several SNPs for IL-13, like 1s20541, have been proven to be implicated in predicting the
risk for the development of INS in pediatric population, of specific ethnic groups - the MCD

histological variant. [9]

3. TUMOR NECROSIS FACTOR ALPHA (TNF-ALPHA) — Overview

TNF-alpha gene in located in the major histocompatibility complex, on the short arm of
chromosome 6, and genetic variations of this locus are directly related to cytokine synthesis. [11]
Many SNPs have been identified in the promoter region of this gene (region extremely important
for the protein synthesis), these being located based on the transcription initiation site, in the
following positions: —1031 (T—C), —863 (C—A), —857 (C—A), —851 (C—-T), 419 (G—C),
=376 (G—A), —308 (G—A), —238 (G—A), —162 (G—A), si 49 (G—A), part of them being,
however, rarely encountered in Caucasian population.

Of those, by far the most studied SNP is the one located in -308 position, with mutation at
this level consisting of a change of guanine with adenosine, contributing to the development of
two alleles — the common allele with guanine and the mutant allele with adenosine. The latter
seems to be associated with an increased production of cytokine, spontaneously, as well as in
response to different stimuli in vitro and in vivo. [12]

Till present, there is conflicting literature data regarding the implications of TNF-alpha
minor allele -308A in INS disease susceptibility. Moreover, studies have generated heterogenous

results regarding its influence on INS patients’ response to treatment.



4. INTERLEUKIN-4 — Overview
Even though the existing literature data suggests that INS is an immune mediated disease
associated to an imbalance of cytokines secreted by T helper 1 and T helper 2 lymphocytes, its

pathogenesis remains highly unknown. [13]

Some studies on patients with INS and histological aspects of minimal changes
glomerulonephritis have shown an inadequate response of the delayed hypersensibility, thus
suggesting a possible role for cellular immunity T helper 1 lymphocyte dependent. [ 14] Moreover,
the role of T helper 2 lymphocyte secreted cytokines in the pathogenesis of INS has been
underpinned by several other authors. [15,16-18]

Interleukin-14 (IL-4) represents o pleiotropic glycoprotein identified for the first time in

1982, with its complementary DNA being successfully cloned later, in 1986.[19,20]

The gene encoding IL-14 is very polymorphic, with various structure variations:
mononucleotide polymorphisms, insertions, deletions and other types of arrangements like
repetitions transpositions etc. Among the most studied SNPs for /L-4 are -34C/T (rs2070874), -
590G/T (rs2243250) and -1098T/G (rs2243248).

Regarding -590C/T SNP — the existing evidence suggests implications in INS prognosis as
well as in clinical evolution of the disease. [21] Also, for this SNP there have been identified
differences in genotypic as well as allelic frequencies between patients with INS, MCD

histological group, and controls. [22]



II. PERSONAL CONTRIBUTIONS

5. THE ROLE OF SINGLE NUCLEOTIDE POLYMORPHISMS OF IL-13
GENE IN ROMANIAN PEDIATRIC POPULATION WITH IDIOPATHIC
NEPHROTIC SYNDROME

5.1 Introduction

Interleukin-13 (IL-13) is a cytokine secreted by activated T helper 2 lymphocytes, being
an important regulator of the immune response. [23] Its encoding gene is part of the genetic cluster
of Th2 type cytokines located on chromosome 5q23-31 along with /L-4 and /IL-5 genes, and

consists of 6 exons encoding 2 isoforms of the same cytokine, according to NCBI database. [24]

5.2 The link between nephrotic syndrome and atopy

As mentioned above, the mechanisms implicated in INS pathogenesis remain unclear. At
least for minimal changes glomerulonephritis (MCD), the most frequent histological variant of the
disease, literature data suggest a pivotal role of the immune system. [25] Moreover, numerous
studies have reported the existence of a link between this histological variant of INS, elevated

serum levels of IgE and predisposition for atopy.[26]

First reports of the association between allergies and INS belong to Fanconi et al., as early
as 1951. Their study showed that 43% of NS patients also had signs of “allergic diathesis”.[27]
Since then, data has flourished regarding the implications of various allergens like pollen, mold or

insect bites, as precipitating factors for NS relapses.[28,29,30]

5.3 Genetic polymorphisms of IL-13 in pediatric population with INS

Lately, there has been intense research on the possible link between the polymorphisms of
various gene’s encoding different molecules implicated in glomerular functions and the risk for
INS development. Specifically, literature data points at glypican-5 (GPC5) gene encoding a
proteoglycan found on the surface of podocytes, with molecular variations at this level causing
podocyte injury and concurrent proteinuria. [31] Other interesting molecules have been
macrophage migration inhibitory factor(MIF), with its role in adjusting the immunosuppressive

effect of systemic steroids [32], neural nitric oxide synthetase (nNOS) with a pivotal role in



increased glomerular permeability[33] and /L-13, the latter altering podocyte functions and being

found to be overexpressed in patients with relapses of INS.[9]

Regarding the IL-13 cytokine, the existing literature data looking into the role of its
polymorphisms in disease susceptibility and response to treatment are rather scarce and
inconclusive. More specifically, the existing studies on Caucasian and Asian populations,
analyzing various gene polymorphisms (e.g. Argl44Gln (rs20541)), *526C/A(rs848),
polymorphisms in the 3'UTR region), have generated contradictory results.[10,34]

Thus, the aim of this study was to investigate the implications of single nucleotide
polymorphisms of IL-13 in the risk for INS development, in Romanian pediatric patients
with INS. Also, we studied the relationship between these two SNPs with steroid treatment

response, as well as with the presence of atopy.

The present study represents the first research project in Romania aiming at the
implications of these genetic variations in pediatric idiopathic nephrotic syndrome, the most

frequently diagnosed glomerulopathy in childhood.

5.4 Materials and methods

Database development and patients’ selection

For the present project, 75 pediatric patients with idiopathic nephrotic syndrome (INS)
diagnosed between 2015 and 2018 in the Pediatric Nephrology Department of “Marie Sklodowska
Curie” Children’s Emergency Hospital, were included in the database.

The INS diagnosis was established following the guidelines criteria proposed by Kidney
Disease Improving Global Outcomes.[1] There were 55 male patients, and 20 females. The median
age was 4 years and 9 months. The patients were divided into two subgroups: steroid sensitive —
patients who achieved complete remission during the first 4 weeks following steroid treatment
initiation (N= 62, 46 M/16 F, mean age 5 years and 1 month) and steroid resistant— patients failing
to achieve remission after 8 weeks of steroid treatment (N=13, 9 M/4 F, mean age of 4 years and
6 months).

For the control group, 110 blood samples were used. 66 samples were provided by the
DNA collection of the Immunology and Physiopathology Department from the Medicine Faculty,

“Carol Davila” University of Medicine and Pharmacy from Bucharest, which was initiated in 2006



and consist of genomic DNA extracted from blood samples pertaining to healthy subjects. These
patients are listed as possible organ donors in the “Prof. Dr. C. T. Nicolau” National Transfusion
Institute database. The rest of the control group, 44 blood samples, were extracted from pediatric
patients admitted in the Pediatric Nephrology Department with different acute diseases but without
any personal disease history. Every subject from the control group had previously signed an
informed consent regarding genetic investigation studies.

Another group of patients was represented by 84 pediatric patients diagnosed with various
food allergies (F/M 29/55). These patients were diagnosed with allergic diathesis based on the
tests undergone in the Outpatient Immunology Clinic of “Marie Sklodowska Curies” Children’s
Emergency Hospital.

The present study has been approved by the Hospital’s Ethics Committee with written
informed consent obtained from all patients prior to blood sampling for genetic studies.

(16266/10.06.2015).

5.5 Results and conclusions

Our findings suggest the existence of an inverse association between the presence of the
minor allele for the rs1800925 single nucleotide polymorphism and the risk of INS development
(p=0,03, OR 0,53). Forrs20541 SNP, the allelic and genotypic frequencies were similar between
patients and controls, showing no association with INS (p>0,05). The rs20541/rs1800925 CT
haplotype was significantly more frequent in controls as compared to INS patients (p=0,02).

Regarding response to steroid treatment, minor allele frequency and carrier status for the
minor allele (genotypes CT and TT) were significantly lower in steroid-resistant patients for
rs1800925 SNP (p=0,02, OR 0,14, respectively p=0,03, OR 0,14). Following a higher scale study

confirmation, this SNP might be considered a predictor for steroid treatment refractoriness.

Moreover, this study did not show any correlation between /L-13 gene polymorphisms and

the risk of food allergy development.



5. THE ROLE OF TNF-alpha GENE SINGLE NUCLEOTIDE POLY-
MORPHISMS IN ROMANIAN PEDIATRIC POPULATION WITH
IDIOPATHIC NEPHROTIC SYNDROME

6.1 Introduction

TNF-alpha is a multifunctional proinflammatory cytokine secreted by macrophages and T
lymphocytes.[35] It exhibits various biologic functions with a complex mechanism of action. The
protein has a role in infections conferring resistance when facing different pathogens [36],, as well
as a role in autoimmune diseases such as rheumatoid arthritis [37], possibly due to different
signaling pathways; moreover, TNF-alfa exhibits and anti-tumor effect, especially in combination
with Interferon. [36,38]

TNF-alpha gene is located on the short arm of chromosome 6, preceded by TNF-beta gene
[39] and in strong relationship with the major histocompatibility complex genes. It consists of 4
exons and 3 introns with an approximate 3kb weight. There have been identified a series of
polymorphisms in the promoter region of the TNF-alpha gene: -1031 (T/C), -863(C/A), -857(C/T),
-419(G/C), -308(G/A), -238(G/A) and 162(G/A). -308(G/A) polymorphism, rs1800629
respectively, has been associated with an elevated transcription of TNF protein [328,329], along
with the -857(C/T) polymorphisms being responsible for the susceptibility to develop immune-
mediated diseases [40]

Towards the role of TNF-alpha gene polymorphisms and the susceptibility for INS
development, and INS response to immune suppressive medication, literature has generated

conflicting results. There is a need for larger cohort studies to evaluate this hypothesis.

The aim of our study was to obtain preliminary data regarding the association
between two polymorphisms of the TNF-alpha gene (rs1799724 (-857C/T) and rs1800629 (-
308G/A)) and the risk of INS development in Romania pediatric population. Moreover, we
investigated a possible relationship between these two polymorphisms and response to

steroid treatment.

This is the first study of its kind in Romania, investigating the role of these two

polymorphisms in INS.



6.2. Materials and methods
Database development and patients’ selection

For this study, 229 unrelated Caucasian subjects of Romanian origin were enrolled. Of
these, 70 patients were diagnosed with INS (50 males and 20 females), mean age of 9 years old
recruited from the Pediatric Nephrology Department of “M.S. Curie” Children’s Emergency
Hospital in Bucharest. The diagnosis was made according to the guideline proposed by the Kidney
Disease Improving Global Outcomes.[ 1] Patients were further subdivided based on their response
to steroid treatment in two subgroups: steroid sensitive — achievement of complete remission
during the first 4 weeks of steroid treatment (N=59, 42M/7F, mean age of § years old), and steroid
resistant, defined as failure to achieve remission after 8 weeks of steroid treatment (N=11, 8M/3F,

mean age of 9 years and 11 months old).

The control group consisted of 159 subjects (103M/56F, mean age of 39 years old), without
signs or symptoms suggestive for chronic renal disease and without personal history of proteinuria
or oedema. The patients are part of the DNA collection of the Immunology and Physiopathology
Department from the Medicine Faculty, “Carol Davila” University of Medicine and Pharmacy
from Bucharest, which was initiated in 2006 and consist of genomic DNA extracted from blood
samples pertaining to healthy subjects. These patients are listed as possible organ donors in the
database from “Prof. Dr. C. T. Nicolau” National Transfusion Institute from Bucharest.

The present study has been approved by the Hospital’s Ethics Committee with written
informed consent obtained from all patients prior to blood sampling for genetic studies.

(16266/10.06.2015).

6.3 Results and conclusions

We investigated the association between two polymorphisms of the TNF-alfa gene and
INS, in Romanian pediatric population. Regarding rs1799724 SNP, even though there was an
elevated frequency for the minor allele in the control group, the results did not reach statistical

significance (p=0,46, OR=0,818)|

Also, there were no differences observed between steroid responders and non-responders
neither for allelic nor for genotypic frequencies. Moreover, there were no differences between the

two patient groups and controls.
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7. THE ROLE OF IL-4 GENE MONONUCLEOTIDE POLYMORPHISMS
IN ROMANIAN PEDIATRIC POPULATION WITH IDIOPATHIC
NEPHROTIC SYNDROME

7.1 Introduction

Interleukin 4 (IL-4) is a powerful immune regulating cytokine, produced by mastocytes,
eosinophils, basophils and T helper 2 lymphocytes (Th2). [41] IL-4 was first identified by Howard
and Paul in 1982, showing activity in different immune processes such as cellular immunity
through Th2 cells [42] or immunoglobulin E subset transformation into immunoglobulin B. [44]
Its implications in host’s immune response is of utmost importance in clinical practice, as this
cytokine along with its signaling pathways are targets for molecules used in the treatment of

allergic diseases.[45]

7.2 IL-4 genetic polymorphisms in the pediatric population with idiopathic nephrotic
syndrome

To date, according to the literature, Th17 and Th2 lymphocytes have a role in nephrotic
syndrome pathogenesis, through some of their synthesis cytokines such as IL-4, IL-5, IL-9 and IL-

10, which have been demonstrated to promote the development of this disease. [46,47]

A series of mononucleotide polymorphisms of the /L-4 gene have been described, some of
the most studied being the following: rs2243248 (-1098 G/T, upstream variant), rs2243250 (-
590C/T, promoter region), rs2070874 (-34C/T; 5°- untranslated region), rs2227284 (G/T, intron
located), rs2243268 (A/C, intron located) and rs2234665 (variable number of tandem repeats,
VNTR).[48]

By the molecular point of view, there is data suggesting an association between genetic
polymorphisms of /L-4 gene and MCNS in Asian populations, but this has not been replicated in
European populations.[9,22,34]

There are also published data regarding a possible association between genetic
polymorphisms of some cytokines pertaining to Th2 subtype lymphocytes (IL-4, IL-6), and

response to steroid treatment in pediatric population. [21,49,50]

The primary objective of our study was to obtain data regarding the possible

association between two mononucleotide polymorphisms of /L-4 gene (rs2243250/-590C/T



and rs2070874/-34C/T) and disease susceptibility for INS, in pediatric population from
Romania. We also investigated the role of this polymorphisms in steroid response of these

patients.

The current study is the first study from Romania to address the implications of these

mononucleotide polymorphisms in INS.

7.3. Materials and methods
Database development and patients’ selection

For this study, 235 unrelated Caucasian subjects of Romanian origin were enrolled. Of
these, 75 patients were diagnosed with INS (55 males and 20 females), mean age of 4 years and 9
months old, recruited from the Pediatric Nephrology Department of “M.S. Curie” Children’s
Emergency Hospital in Bucharest. The diagnosis was made according to the guideline proposed
by the Kidney Disease Improving Global Outcomes.[1] Patients were further subdivided based on
their response to steroid treatment in two subgroups: steroid sensitive — achievement of complete
remission during the first 4 weeks of steroid treatment (N=62, 46M/16F, mean age of 5 years and
1 month old), and steroid resistant, defined as failure to achieve remission after 8 weeks of steroid

treatment (N=13, 9M/4F, mean age of 4 years and 6 months old).

The control group consisted of 160 subjects (104M/56F, mean age of 39 years old), without
signs or symptoms suggestive for chronic renal disease and without personal history of proteinuria
or oedema. The patients are part of the DNA collection of the Immunology and Physiopathology
Department from the Medicine Faculty, “Carol Davila” University of Medicine and Pharmacy
from Bucharest, which was initiated in 2006 and consist of genomic DNA extracted from blood
samples pertaining to healthy subjects. These patients are listed as possible organ donors in the
database from “Prof. Dr. C. T. Nicolau” National Transfusion Institute from Bucharest.

The present study has been approved by the Hospital’s Ethics Committee with written
informed consent obtained from all patients prior to blood sampling for genetic studies.
(16266/10.06.2015).

7.4 Results and conclusions
This retrospective study aimed at investigating the possible association between two IL-4

gene polymorphisms and INS, in Romanian pediatric population.



There were 75 pediatric patients and 160 healthy controls enrolled, the two groups showing
the presence of Hardy-Weinberg equilibrium for all mononucleotide polymorphisms studied. The

final genotyping rate was 100%.

The results obtained from the control group were compared to the available data for
European descend listed in NCBI Database of Short Genetic Variations (dbSNP). Allelic and
genotypic frequencies in the control group for the two investigated SNPs were similar with those

reported by the HapMap-CEU for the European population.

Regarding the rs2243250 SNP, the frequency of the minor allele T was 12.84% in the INS
group and 17.5% in the control group. Thus, even though the frequency of the minor allele T was
more elevated in the control group, the difference failed to reach statistical significance. (p=0,18,
OR=0,684). Regarding the second studied SNP (rs2070874), there were no significant differences

between groups in terms of allelic or genotypic frequencies.

Moreover, the comparison between steroid sensitive and steroid resistant INS groups did
not show any significant differences for neither allelic nor genotypic frequency. Finally, no

differences were identified between either of the two groups and the control group.

The level of linkage disequilibrium in the studied population was estimated based on the 12
value, with a calculated level of 0.72. Two haplotype variant had frequencies of over 5% in the
control group: rs2243250/rs2070874 CC - 81% and TT - 16%. No associations with disease

susceptibility were found with haplotype analysis.



ITII. GENERAL CONLUSIONS AND PERSONAL CONTRIBU-
TIONS

As a result of these three case-control studies, where we aimed at establishing possible
correlations between T helper 2 cytokines nucleotide polymorphisms and INS in pediatric

population, we can conclude the following:

THE ROLE OF IL-13 GENE MONONUCLEOTIDIC POLYMORPHISMS IN
ROMANIAN PEDIATRIC POPULATION WITH IDIOPATHIC NEPHROTIC
SYNDROME

1. This is the first study to investigate mononucleotide polymorphisms for /L-/3 gene in

a group of patients with INS from Romania.

2. For rs1800925 SNP of /L-13 gene, we observed an increased frequency of the minor
allele T in the control group, as compared to the INS group. We can postulate that the
presence of the minor allele T might be considered a protective factor against the

development of INS, in Romanian pediatric population.

3. Forrs20541 SNP, the frequency of the minor allele T was similar between the 2 groups,

thus confirming by statistical means the absence of any association.

4. Haplotype analysis showed that rs20541/rs1800925 CT might represent a protective
factor, being significantly more frequent in the control group than in the INS group.
CC haplotype was more frequent in the diseased group but failed to reach statistical

significance.

5. 11800925 SNP minor allele was found to be significantly less frequent in the steroid
resistant INS group, suggesting that the major allele might be associated to lack of

response to steroid treatment.



6. No association was found between the two SNPs analyzed and good response to steroid

treatment. There were no significant differences between the steroid sensitive INS
patients and the control group regarding the allelic and genotypic frequencies for these

two studied SNPs.

No correlation was identified between the investigated SNPs and the risk for food

allergies.

THE ROLE OF TNF-alpha GENE MONONUCLEOTIDE POLYMORPHISMS IN
ROMANIAN PEDIATRIC POPULATION WITH IDIOPATHIC NEPHROTIC

1.

SYNDROME

To our knowledge, this is the first study to address the implications of TNF-alpha gene
polymorphisms in the development and response to treatment of INS, in Caucasian

populations, and, particularly, the Romanian pediatric population.

The rs1799724 SNP minor allele T was more frequent in the control group but the

difference to the INS group failed to reach statistical significance.

. There were no differences in terms of allelic or genotypic frequencies for the same SNP

able to differentiate the two INS treatment response groups (steroid-sensitive and ster-

oid-refractory).

. Moreover, there were no significant differences between the two INS groups and con-

trols for the same SNP.



THE ROLE OF IL-4 GENE MONONUCLEOTIDE POLYMORPHISMS IN ROMANIAN
PEDIATRIC POPULATION WITH IDIOPATHIC NEPHROTIC SYNDROME

1. This is the first study in Romania to investigate the link between the mononucleotide

polymorphisms of this gene and disease susceptibility for INS.

2. Forrs2243250 SNP, we found an increased frequency of the minor allele T in the con-

trol group, without reaching the statistical significance threshold.

3. There were no differences in terms of allelic and genotypic frequencies for the same

studied SNP between steroid sensitive and steroid resistant groups.

4. Moreover, we found no differences between any of the diseased groups and controls

regarding the allelic and genotypic frequencies of the same SNP.

5. For -34C/T polymorphism, we did not find any statistically significant differences be-
tween the studied groups in terms of allelic and genotypic frequency. Moreover, our

results showed no influence of the SNP on steroid treatment response.

All our results need to be carefully interpreted, as each population’s genetic
background is different. Therefore, our results are difficult to apply outside the studied
population. Also, there is a major limitation in our study related to the small number of
patients enrolled, as this could influence our results, and might contribute to incorrect
conclusions. Finally, we consider necessary the reproduction of our results on larger cohorts
of patients to clearly determine if these genetic polymorphisms do have a role in INS disease

susceptibility and response to steroid treatment.
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