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RESUMO

Introducéo: A sindrome nefrdtica priméaria (SNP) é uma doenca glomerular comum na faixa etaria
pediatrica, relacionada a alteragfes intrinsecas dos glomeérulos sem causa estabelecida, que leva a
proteinuria, edema, hipoalbuminemia e dislipidemia. Indmeros fatores tém sido relacionados aos
mecanismos de desenvolvimento e evolugdo da doenca como alteracbes dos componentes da
barreira de filtracdo glomerular, modificacBes no sistema imune e atuacdo do sistema renina
angiotensina (SRA). No entanto, a fisiopatologia da doenca ainda ndo esta elucidada e persistem
diversas questdes referentes ao tratamento mais apropriado. Objetivos: Avaliar a atuacdo do SRA,
das moléculas inflamatérias, adipocinas, horménios do metabolismo e marcadores de funcao
endotelial em pacientes pediatricos com SN primaria. Métodos: Foi realizado um estudotransversal
que incluiu 33 criancas e adolescentes com SNP em remissdo parcial e completa. As mensuracoes
dos biomarcadores foram comparadas entre os pacientes e individuos saudaveis (grupo controle),
pareados por idade e sexo. Os biomarcadores foram relacionados as variaveis clinicas e
laboratoriais. Resultados: Em nosso primeiro estudo original, verificamos que as concentragdes
urinarias de Ang Il, Ang-(1-7), ECA e MCP-1 encontravam-se aumentadas nos pacientes com SNP
em comparacdo ao grupo controle. Por outro lado, os niveis urinarios de ECA2 eram
significativamente menores nos pacientes com SNP e correlacionavam negativamente com a
proteindria. No segundo estudo, os niveis urinarios de leptina e as concentragdes plasmaticas de
resistina e grelina estavam significativamente aumentadas em relacdo ao grupo controle. Em
contrapartida as concentragdes urinérias de adiponectina e PAI-1 foram menores nos pacientes SN
quando comparados aos controles. Conclusdo: As moléculas do SRA, as quimiocinas, as
adipocinas, os hormonios do metabolismo e marcadores de funcéo endotelial foram encontradosem
diferentesconcentracdes em pacientes com SNP comparados ao grupo controle, sugerindo que essas

moléculas participam da fisiopatologia e da progressao da lesdo renal.

Palavras-chave: Sindrome Nefrética, SRA, moléculas inflamatérias, adipocinas, marcadores

metabolicos, marcadores de funcdo endotelial.



ABSTRACT

Introduction: Primary nephrotic syndrome (PNS) is a common glomerular disease in the pediatric
age group, related to intrinsic changes in the glomeruli without an established cause, which leads to
proteinuria, edema, hypoalbuminemia and dyslipidemia. Numerous factors have been related to the
mechanisms of development and evolution of the disease, including changes in the components of
the glomerular filtration barrier, alterations in the immune system and the effects of the renin
angiotensin system (RAS). However, the pathophysiology of the disease remains to be elucidated
and several questions regarding the most appropriate treatment persist. Objectives: To evaluate the
role of RAS, inflammatory molecules, adipokines, metabolism hormones and endothelial function
markers in pediatric patients with primary NS. Methods: This cross-sectional study included 33
children and adolescents with SNP in partial and complete remission. Biomarker measurements
were compared between patients and healthy individuals (control group), matched for age and sex.
Biomarkers were related to clinical and laboratory variables. Results: In our first original study, we
found that urinary concentrations of Ang I1, Ang-(1-7), ACE and MCP-1 were increased in patients
with PNS compared to the control group. On the other hand, urinary ACE2 levels were significantly
lower in patients with PNS and negatively correlated with proteinuria. In the second study, urinary
leptin levels and plasma concentrations of resistin and ghrelin were significantly increased
compared to the control group. Incontrast, urinary adiponectin and PAI-1 concentrations were lower
in PNS patients when compared to controls. Conclusion: RAS molecules, chemokines, adipokines,
metabolism hormones and endothelial function markers were found in different concentrations in
patients with PNS compared to the control group, suggesting that these molecules participate in the

pathophysiology and progression of renal damage.

Keywords: Nephrotic Syndrome, RAS, inflammatory molecules, adipokines, metabolic markers,
endothelial function marker.
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1 INTRODUCAO

A sindrome nefrética (SN) é uma doenca prevalente na faixa etaria pediatrica associada
a elevada morbidade, apesar de recentes avancos em seu tratamento!. Definida como a
glomerulopatia mais comum em criancas e adolescentes,!22 decorre de alteracbes na
permeabilidade/seletividade da barreira de filtracdo glomerular, levando a edema, proteinUria
macica e hipoalbuminemia®. Outros achados clinicos da SN sdo dislipidemia, lipidria,
fendbmenos tromboembolicos e infeccbes de repeticdo, além de outras complicagdes como a
injuria renal aguda (IRA) e evolucéo para doenca renal cronica (DRC)®.

Etiologicamente, a SN se classifica em primaria ou idiopética e secundaria a doencas
sistémicas. A forma primaria é responsavel por cerca de 90% dos casos de SN na faixa etaria
pediatrica. Quanto a histopatologia, a SN primaria se apresenta mais comumente como
sindrome nefrotica por lesdes minimas (SNLM), seguida da glomeruloesclerose segmentar e
focal (GESF) e da nefropatia membranosa®. Embora a patogénese permaneca desconhecida,
alguns mecanismos séo identificados como possiveis causadores da doenca, tais como defeitos
geneticos na expressao de proteinas especificas dos podocitos ou, mais comumente, resposta
anormal dosistema imune a estimulos exdgenos?’. Existem hipoteses de que fatorescirculantes
afetariam a permeabilidade glomerular e, em consequéncia, ocasionariam a perda de proteinas
na urina®°. Em contrapartida, a forma secundéaria da SN é predominante em adultos, ocorrendo
durante o curso clinico de doencas sistémicas que afetam os rins tais como sindromes genéticas,
doencas metabdlicas, doencas infecciosas e auto-imunes'®. Consta-se que, menos de 10% e
mais de 50% dos casos acometem criangas e adultos, respectivamente.

A SN podetambém ser classificada com base na resposta ao tratamento com corticoides
e nos achados histopatolégicos da biopsia renal?11. Os pacientes que ndo respondem ao uso de
corticosteroides sdo denominados corticorresistentes (SNCR), enquanto aqueles que
apresentam remissao clinica e laboratorial apds o seu uso sdo chamados de corticossensiveis
(SNCS). Os pacientes que dependem da manutencéo do uso de corticoides para permanecerem
em remissao ou que apresentam recidiva até duas semanas apés a suspensdo do tratamento sao
considerados corticodependentes (SNCD). As criangas responsivas ao tratamento apresentam
melhor prognostico, com curso clinico favoravel da doenca.

Por outro lado, pacientes com SNCR geralmente sdo diagnosticados com GESF a
biopsia renal e apresentam pior progndstico. Pelo menos 20% dascriancas apresentam recidivas

frequentes e/ou dependéncia a corticoides durante ou apos terapia imunossupressora (SNCD) e
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cerca de 1-3% séo resistentes a esteroides (SNCR)'2 com alto risco de progressédo para 0s
estagios finais da DRC em 5 anos, ndo alcancando remissdo completa ou parcial?-13.

Dentre as complicacBes frequentes da SN, as alteracbes do metabolismo lipidico podem
contribuir  substancialmente para o0 desenvolvimento e progresséo da doenga. A
hipercolesterolemia, um achado onipresente na SN, vem acompanhada ndo s6 por
anormalidades nos niveis de lipidios, mas também por modificacbes na fungdo das
lipoproteinast14. A gravidade da dislipidemia, no entanto, é diretamente correlacionada a
intensidade da proteinuria, uma vez que, para repor as perdas de proteinas essenciais, como a
albumina, ocorre elevacdo na producdo dos lipidios*. Os poddcitos, assim como os glomérulos
e tbulos renais, sofrem lesGes decorrentes do acimulo de lipoproteinas e colesterol com
consequente producdo de agentes citotdxicos, citocinas!, liberacdo de possiveis marcadores de
funcdo endotelial*>1%, adipocinas!’18e hormonios peptidicost®-2L.

Além disso, alguns estudos tém abordado o papel do sistema renina-angiotensina (SRA)
na evolucdo da lesdo renal em pacientes com SN primaria22-24. A acdo de componentes do
sistema, sobretudo da angiotensina Il (Ang I1), desencadeia uma cascata de eventos lesivos que
incluem o recrutamento de células inflamatorias e estimulacdo da expressao e liberacdo de
citocinas e quimiocinas?® que contribuirdo para proteinuria, inflamacdo e fibrose renais26. Neste
contexto, o uso de inibidores da enzima conversora de angiotensina (iECA) e bloqueadores de
receptores angiotensinérgicos do tipo 1 (BRA) tem-se mostrado efetivo no controle da
proteindria e na reducdo de inflamagdo e fibrose renais?2. As agBes renoprotetoras desses
medicamentos independem da etiologia da glomerulopatia?’-2°. Além disso, estudos
experimentais sugerem efeitos benéficos nas doencas renais de ativadores daenzima conversora
de angiotensina 2 (ECA2) e do heptapeptideo angiotensina-(1-7)26-2°,

Em sintese, os desafios atuais em relacdo a SN priméaria consistem sobretudo no
conhecimento dos mecanismos de progressdo da doenca, além de investigacdo de novas
abordagens terapéuticas baseadas nos provaveis fatores implicados na doenca. Dentro deste
contexto, o presente estudo teve como objetivo investigar o papel do SRA, das moléculas
inflamatdrias, adipocinas, e dos marcadores do metabolismo energético e de funcéo endotelial
na SN priméria, comparando com essas mesmas moléculas dosadas em individuos saudaveis,
pareados por idade e sexo. Foram também avaliadas associacdes e/ou correlagdes das moléculas

avaliadas com dados clinicos e laboratoriais dos pacientes.
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ABSTRACT

Background: Idiopathic or Primary or ldiopathic Nephrotic Syndrome (INS) is a common
glomerulopathy in pediatric population, basically characterized by proteinuria, edema and
hypoalbuminemia with diverse findings in renal histopathology.

Objective: The present review aimed to update knowledge on the etiopathogenesis diagnoses,
current protocols of treatment and potential therapeutic advances in INS.

Methods: This integrative review searched for articles on histopathology, physiopathology,
genetic causes, diagnosis and treatment of INS in pediatric patients. The databases evaluated
were PubMed and Scopus.

Results: The disease is related to a primary alteration in the permeability of the glomerular
filtration barrier due to unknown etiology. There are several gaps in the etiopathogenesis,
response to treatment and evolution of the syndrome that justify further investigation. Novel
advances include the greater understanding about the role of podocytes in INS and the
identification of genes associated with the occurrence of the disease. The role of immune system
cells and molecules have also been investigated. The diagnosis relies on clinical findings,
laboratory exams and renal histology for selected cases. The treatment is primarily based on
steroids administration. In case of failure, other medications should be tried. Recent studies

have also searched for novel biomarkers for diagnose and alternative therapeutic approaches.
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Conclusion: The therapeutic response to corticosteroids still remains the main predictive factor
for the prognosis of the disease. Genetic and pharmacogenomics tools may allow the
identification of cases not responsive to immunosuppressive medications.

Key words: idiopathic nephrotic syndrome, children, proteinuria, podocyte, steroid therapy,

focal and segmental glomerulosclesrosis

INTRODUCTION

Nephrotic syndrome (NS) is clinically characterized by marked proteinuria, edema and
hypoalbuminemia. Lipiduria and hyperlipidemia may also be present. The protein loss is due
to changes in permeability of the glomerular filtration barrier [1].

According to the etiology, NS is classified into primary or idiopathic glomerular disease (INS)
and in secondary NS. INS is more common in children and resulting from intrinsic changes in
the glomeruli without determinant causes. Secondary NS is due to systemic diseases, including
diabetes, systemic lupus erythematosus (SLE), viral hepatitis, HIV infection, among others
[2,3]. Secondary forms of the disease affect mainly adolescents and adults. In the pediatric
population, minimal-change nephrotic syndrome (MCNS) is the most common
histopathological form of INS, but a recent increase in the incidence of focal and segmental
glomerulosclerosis (FSGS) has been observed [2,3,4].

INS may have a positive family history. There is a predominance of male patients during
childhood [5]. The population distribution is very diverse, as the incidence varies according to
the geographical area, race and age, presenting, approximately, 2 to 7 cases per year for every
100,000 children under the age of 16. The prevalence is about 16 cases/100,000 in the same
population group, being children aged 2 to 3 years most frequently affected [6].

According to epidemiological data, viral infections had already been associated with the
development of INS. There is an association between the typical age of the disease onset and
the time of highest incidence of viral infections [7]. Some cases of INS are also triggered by
bacterial, fungal and parasitic infections, and antigens from infectious agents have been
identified in the glomeruli of children with the disease [7-9].

INS can also be classified according tothe therapeutic response, relapse pattern, histopathology
and presence of genetic mutations [10]. Depending on the response to treatment, about 70 to
85% of pediatric patients respond to treatment with corticosteroids, being called steroid-
sensitive (SSNS). On the other hand, some patients present recurrence during the
corticosteroids reduction or suffer from frequent relapses after discontinuation of the

medication, being called steroid-dependent (SDNS). In addition, there are patients who are
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resistant to corticosteroid therapy (SRNS), comprising 10 to 20% of cases with a tendency to
progress to renal fibrosis and chronic kidney disease (CKD) [10]. Table 1 shows the terms
related to the therapeutic response and the clinical stages of the disease. Two thirds of the NS
cases that manifest during the first year of life can be explained by genetic mutations (NPHS1,
NPHS2, WT1 or LAMB2, among other genes) [11,12] and represent congenital NS [3].

Regarding the primary form of the disease, the precise mechanisms for its development have
not been elucidated yet, but it seems to be associated with changes in the immune system,
specifically in the T lymphocytes activity, with a consequent change in the podocytes structure
[6], aside from changes in the expression of cytokines and immune inflammatory cells [13-18].
The therapeutic action of immunosuppressive drugs in INS and the presence of polymorphism
in the human histocompatibility complex genes corroborate the hypothesis that changes in the
immune system play a key role in the pathogenesis of the disease [14]. However, there are still
many issues regarding INS. In this context, this review article aims to describe the most recent
knowledge about pathophysiology, histopathology, clinical manifestations, diagnosis, as well

as to summarize the current treatment protocols and new therapeutic approaches related to INS.

METHODOLOGY

To perform this review, we conducted researches in the PubMed and Scopus databases,
including English-language articles, published in the last 15 years and using the following term
combinations: “nephrotic syndrome”, “epidemiology”, “treatment”, “pediatric”, “Childhood”,
“focal and segmental glomerulosclerosis”, “minimal-change nephrotic syndrome”,

2 ¢¢

“diagnosis”, “genetic basis”.

HISTOPATHOLOGY

INS has distinct histological variants, with emphasis on MCNS, FSGS and membranous
glomerulopathy (MGN) [15]. In children, MCNS is detected in about 84.5% of patients with
INS, while 9.5% have FSGS and 3.5% have MGN or other diseases that present massive
proteinuria [16-18].

In MCNS, there are few glomerular changes, with evidence of foot processes fusion and
formation of microvilli in the epithelial cells, without any inflammatory injury or immune
complex deposition [2,4,15,17]. Immunofluorescence is negative or exhibits only mild
positivity for C3 and IgM [19].
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Table 1 - Classification of Idiopathic Nephrotic Syndrome in association to disease stages and

response to corticosteroids

Disease stage and Clinical and laboratory criteria

response to steroids

Complete remission Diuresis, edema and hypoalbuminemia improvement with

normalization of proteinuria

Partial remission Different from complete remission because of persistency

of elevated proteinuria

Relapse Resurgence of nephrotic proteinuria (> 40 mg/m?/h or

protein-creatinine ratio > 2 in urine sample)

Steroid sensitive Complete remission (up to 4 weeks of treatment)
Steroid resistant Absence of complete remission (after 4 weeks of
treatment)
Steroid dependent Relapses during medication withdrawal or up to 2 weeks
after withdrawal

Itis believed that 70% of patients diagnosed as MCNS are under the age of 5 [6]. The incidence
of MCNS decreases as age increases. Ingeneral, MCNS is considered relatively benign and the
risk of progressing to terminal CKD is extremely low [19].

As a result of changes in the histological pattern reported in the last years, an increase in the
incidence of FSGS, the most severe form of INS, has been observed [4,6]. FSGS is responsible
for about 20% of cases in children and 40% in adults [20]. The racial and geographic differences
make it impossible for FSGS incidence and prevalence data to be accurate. FSGS is
characterized by glomerular lesions withfocal distribution of sclerosis, affecting few glomeruli,
mainly at the corticomedullary junction, and with a segmental pattern that occurs only in part
of the glomerular tuft. It happens capillary lumen obliteration, hypercellularity and hyalinosis,
which are revealed by optical microscopy [5,15], in addition to immune complex and
complement proteins, mainly C3 deposits, detected by immunofluorescence [2,5].

Unlike MCNS and FSGS, MGN is the main cause of NS in adults (20% of cases) [21], being
less representative in the children population [15,16,21]. It is associated with the immune
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complex deposition on the glomerular basal membrane with projections of the epithelial cells
cytoplasm [6,15,21], without changes in the mesangial matrix and cellularity or in the
glomerular capillaries. Immunofluorescence analysis identifies a granular pattern of IgG
deposits (IgG4 and 1gG1 subclasses) and C3 complement on the walls of glomerular capillaries
[15,21].

PHYSIOPATHOLOGY

Despite several effortsmade to elucidate the pathophysiological mechanisms of INS, these have
not been fully understood yet. However, changes in the glomerular filtration barrier, activation
of the immune system, deregulation of T cells and the production of permeability factors have
been implicated in the pathogenesis of this disease. A schematic view of the physiopathology
of INS is shown in Figure 1.

Podocytes play a crucial role in INS [17, 22-26] since structural changes and lesions in these
cells directly interfere with the selectivity of the glomerular filtration barrier [10]. More recent
studies emphasize that the podocytes themselves, under inflammatory stimuli, may be
responsible for the activation of cellular pathways that cause the proteins loss in the urine [27].
Kidney injuries can cause foot process effacement (FPE), which may induce podocytes de-
differentiation and result in massive proteinuria. The functional imbalance of the cytoskeleton
(Rho family of GTPases) also may provoke FPE [26].

CXCL12is a cytokine normally produced by healthy podocytes and responsible for providing
feedback to progenitor cells to keep them quiescent and suppress the intrinsic capacity of
producing new podocytes. The production of this cytokine is reduced in podocytopathies. This
phenomenon promotes the stimulation of the NOTCH gene, leading to podocyte
dedifferentiation as an attempt to protect cells, but leads to functional defects, worsening
proteinuria [26].

There is also interaction between podocytes and the immune system. There are reports of
increased expression of co-stimulatory molecules, such as CD80 (B7-1) and CD40, capable of
inducing T cells activation [28] and supposedly causing proteinuria and genetic or
immunological changes [17,18] in kidney diseases. The expression of CD80 in podocytes can
be induced by cytokines or by dysfunction of regulatory T cells (Treg) [29-32], with damage in
the self-regulatory function of podocytes [25]. Cytotoxic T lymphocytes have been associated
with the presence of persistent proteinuria [18].

The role of B-lymphocytes has also been the subject of recent research. Some clinical trials

have shown the efficacy of anti-CD20 antibodies [15] and antibodies against cells that express



26

CD20 [17] in maintaining prolonged remission in INS patients. B cells can act as antigen-
presenting cells, modifying T lymphocytes function. This mechanism is present in SDNS
patients [26]. Moreover, SRNS patients have lower B lymphocyte counts [18,31]. Natural killer
cells (NK) have also been studied and there are reports of reduced activity in SRNS patients
[31].
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Figure 1 - Etiopathogenic factors of Idiopathic Nephrotic Syndrome

In addition, changes in the inflammatory profile and expression of cytokines, as well as the
therapeutic response of corticosteroids and immunosuppressants, also highlight the role of the
immune system in the INS [2,6,13,17,18,22,23,26,32-34]. Studies show deregulation of
signaling by the transcription factor NF-kB, responsible, among other functions, for the
lymphocytes T response [2,22] and an association of some cytokines and chemokines (IL-1,
IL-12, TNF, IL-6, IL- 8, IL-10, IFN-y, IL-2, IL-13 and 1L-18) [2,6,17,18,26] with the presence
of proteinuria. As the interaction between cytokines and the cellular component of the immune
system is complex, it is suggested that INS is the result of numerous changes, successive or

simultaneous, in different cell types, as well as in the expression profile of cytokines [23].
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Studiesshow atendency of changing froma T helper 1 (less inflammatory) profile toa T helper
2 (more inflammatory) profile in INS [18,26]. Figure 1 summarizes changes in the immune
system that have been associated with the pathophysiology of INS.

In addition, the hypothesis that there is a circulating factor capable of increasing glomerular
permeability continues to be a target of investigation in INS. Circulating factors such as
cardiotrophin-like cytokine 1 (CLCF1), hemopexin, soluble urokinase type plasminogen
activator receptor (su-PAR), angiopoietin-related protein 4 (Angptl4) and anti-CD40 IgG
[2,17,26,35] have been associated with the occurrence of proteinuria [10] by affecting the
permeability of the glomerular barrier.

Furthermore, molecules from the renin angiotensin system (RAS) have also been evaluated in
INS (Figure2). Recently, our research group showed an increase in angiotensin-converting
enzyme (ACE), angiotensin 11 (Ang Il) and angiotensin-(1-7) [Ang-(1-7)] in the urine of
nephrotic patients and a significant reduction in angiotensin-converting enzyme 2 (ACE2). Itis
believed that the elevation of Ang-(1-7) is a compensatory mechanism to the increase in Ang
Il or may be dueto a dysfunction of the Mas receptor in the kidney. This last hypothesis may
explain the fact that despite the increase in Ang-(1-7), the heptapetide may not exert its
nephroprotective effects [36,37]. Also, ACE2 deficiency is associated with elevated pro-
inflammatory cytokines and chemokines (TNF, IL-1B and MCP1/CCLZ2) in the urine. This
relationship was proven to be stronger in patients with SRNS than in those with SSNS, and
greater in the last one than in the control group [37]. Treatments with RAS blockers, ACE
inhibitors or type 1 angiotensin receptor antagonists have been shown to be effective in

reducing proteinuria and have a nephroprotective effect on glomerulopathies [36].
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Figure 2 - Proposed mechanisms for the role of the RAS axis at renal level

GENETIC FACTORS

Genetic factors have been related to the development of NS, especially congenital forms. In
congenital NS, resistance to treatment with corticosteroids is very common, being observed in
70% of the cases that manifest the disease until the third month of life and in 50% of those that
manifest the disease between 4 months and one year of life [38]. In addition, two thirds of NS
cases that occur during the first year of life can be explained by mutations in the NPHSLI,
NPHS2, WT1 and LAMB2 genes [12,26]. Such mutations represent the most common genetic
causes of SRNS, affecting approximately 69 to 85% of patients who manifest the disease in the
first 3 months of life and 50 to 66% of cases in which the disease appears until the age of 12
months. The genetic forms of FSGS occur until the first year of life and are frequently
associated with mutations in genes that encode proteins present in podocytes [11,12,38-40],
producing structural changes in the signaling pathways and in the components of the slit
diaphragm [12,26,41]. For these reasons, congenital or genetic etiology of NS presents early
onset [13] and resistance to treatment with corticosteroids. Depending on the age that resistance
to treatment with corticosteroids begins, the chance of being a genetic NS decreases
substantially [37]. However, in these cases, there are less cases of recurrence after kidney

transplantation [12].
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Some genes are related to the presence of NS associated with syndromic conditions. Mutations
in the WT1 gene, for example, are associated with urogenital abnormalities, ambiguous
genitalia and nephroblastoma. Mutations in LAMB2 and LMX1B typically cause Pierson's
syndrome (ocular abnormalities) and Nail-Patella’s syndrome (musculoskeletal abnormalities
and inguinal changes), respectively. Moreover, SRNS has been observed in association with
myopathy, encephalopathy, lactic acidosis, diabetes, and convulsive-like episodes, in the
presence of mitochondrial genes mutations (most commonly MTTL1) [12].

On the other hand, genetic factors can also play a role in the pathophysiology of INS. For
example, changes in genes that encode molecules related to the action mechanisms of
glucocorticoids, such as glucocorticoid receptors (GRa), P glycoproteins and cytochromes
P450 and polymorphisms in genes that encode cytokines (IL-4 and IL-6) may contribute to
resistance to treatment with corticosteroids development in INS [42].

Another mechanism that has been associated, although more rarely, is the deficiency or
dysfunction of coenzyme Q10 (CoQ10), due to mutations in the genes COQ2, COQ6, PDSS2
and ADCK4, part of mitochondrial DNA, which manifests as FSGS alone or associated with
extrarenal manifestations (encephalopathy, deafness, hypotonia, cerebellar ataxia,
developmental delay). These patients benefit from oral CoQ10 supplementation [12,26].
Inaddition, many genome-wide association studies have shown participation of the loci HLA-
DR and HLA-DQ in SSNS [26]. These data confirm the importance of performing genetic tests
[11,38,39] in children who manifest NS before the first year of life or in the presence of SRNS
[38]. The identification of genetic causes and/or genetic factors related to the evolution of NS
can contribute to early diagnosis, avoid the unnecessary use of immunosuppressive therapies

and allow a better understanding of the disease pathophysiology.

CLINICAL MANIFESTATIONS

Symptoms of INS can start in the first year of life, but usually begin between 2-7 years. The
main complaint is bilateral periorbital morning edema, which tends to progress to anasarca.
Pleural effusion, ascites and genital edema can also happen [3].

Edemais the result of pathophysiological mechanisms due to primary (overfilling) or secondary
(underfilling) retention of water and sodium. In the case of primary sodium and water retention
by the renal tubules, the patient presents with hypervolemia, cardiopulmonary congestion and
arterial hypertension. On the other hand, in cases where sodium and water retention is
secondary as a compensatory mechanism, the abrupt and sharp drop in oncotic pressure due to

hypoalbuminemia initially produces hypovolemia with decreased blood pressure (BP). As a
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compensatory response, activation of the RAS occurs, which stimulates the tubular
reabsorption of sodium and water. Thus, a patient with NS can present hypovolemia with
normal BP or even hypotension (more common in MCNS) or hypervolemia with hypertension
(more common in FSGS) [1].

Clinical and laboratorial changes also include hypoalbuminemia, dyslipidemia, oliguria, foamy
urine, apathy, cellulitis, hypercoagulability, hydroelectrolytic imbalance and appetite loss
[2,3,17]. The disease evolution and pharmacological treatment itself may also increase the
propensity for systemic infections, pulmonary embolism and other clinical complications
[2,3,26].

Following infections and thromboembolism, acute kidney injury is considered to be the third
most common complication of INS in children, whose main risk factorsare SRNS, presence of
infection and treatment with nephrotoxic drugs [38].

MCNS is characterized by massive and selective proteinuria, mainly albuminuria. On the other
hand, in FSGS, there is a loss of selectivity in the urinary excretion of proteins, causing urinary
excretion of immunoglobulins, hormone-transporting proteins, factors related to coagulation
and fibrinolysis, among others [16]. It should also be mentioned that it is yet not known if
MCNS and FSGS are isolated clinical entities or spectral variations of the same disease [15].
The clinical course of INS is quite variable, ranging from patients with infrequent relapses,
whose disease goes into permanent remission in adolescence, to others who rapidly progress to

end stage renal disease [15].

DIAGNOSIS

The first approach of a child with suspected NS should include confirmation of the syndrome,
investigation of secondary causes, assessment of renal function and BP, as well as of possible
acute complications [1,43], including bacterial infections, metabolic and blood volume
disorders, coagulation disorders and adverse effects to treatment.

To confirm NS diagnosis, there must be 24-hour proteinuria above 50 mg/kg/day (or > 40
mg/m?/hour) or protein/creatinine ratio in a single urine sample greater than 2.0 associated with
hypoalbuminemia (serum albumin <2.5 g/dL)and edema. There are also recommended exams
to assess possible acute complications associated with the disease and to detect secondary
causes of NS as listed in Table 2. The most common laboratory changes in INS are shown in
Table 3.

Renal biopsy is indicated in case of secondary cause suspicion, in congenital NS, in SRNS, and

in cases of dependency to doses of corticosteroids. There are not validated biomarkers capable
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of predicting disease progression and/or early detecting cases that may evolve with an
inadequate response to treatment with corticosteroids. The determination of the excreted
fraction of magnesium (EFMg) in pediatric patients with INS was linked to the presence of
resistance to corticosteroids [44]. The authors found significantly higher levels of magnesium
excretion in 20 children with SRNS compared with 20 SSNS patients. The explanation was that
an increased EFMg could indicate an initial tubulointerstitial lesion, which would be associated
with resistance to corticosteroids [44]. However, subsequent studies have not confirmed this
conclusion. In a retrospective cohort study that included 294 pediatric patients with INS, it was
found that the later age of disease onset, the presence of hematuria in spot urine collected during
the first episode of edema and resistance to corticosteroids are independent risk factors for

deterioration of renal function [45].



32

Table 2 - Laboratory tests for first approach of pediatric patients with Nephrotic Syndrome

Purpose

Laboratory test requested

To confirm Nephrotic Syndrome

To evaluate associated

complications

To search the etiology

Urinalysis

24-hour proteinuria and protein/creatinine ratio in a

single urine sample
Serum albumin measurement

Serum biochemistry (urea, creatinine, uric acid, total
cholesterol, LDL, HDL, triglycerides, Na, K, ClI, ionic
Ca, Mg and P, D vitamin)

Fraction of sodium excretion in a single urine sample
FBC and coagulogram

Fasting glycemia, glycated hemoglobin
Complementenemia (C3 and C4)

ANF, Anti-DNA double helix

Serologies (Hepatitis B and C, HIV, CMV, EBV,
syphilis and toxoplasmosis)

Parasitological examination of feces

(schistosomiasis, strongyloidiasis)

LDL = low density lipoprotein; HDL = high density lipoprotein; Na = sodium; K = potassium; Cl

= chlorine; Ca = calcium; Mg = magnesium; P = phosphor; FBC = full blood count; ANF =

antinuclear factor; HIV = human immunodeficiency virus; CMV = cytomegalovirus; EBV =

Epstein Barr virus.
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Table 3 - Clinical and laboratory changes present in Nephrotic Syndrome in pediatrics.

Parameters Nephrotic Syndrome

Clinical condition Edema associated with hypoalbuminemia (serum albumin < 2.5
g/dL) and 24-hour proteinuria (> 50 mg/kg body weight or > 40

mg/m?/h*?) or protein/creatinine ratio in a single urine sample >
2.0

Urine analysis Proteinuria, lipiduria, oval fatty bodies, fatty cylinders and

some cases of hematuria

Serum biochemistry Total proteins < 5.0 mg/dL
Dyslipidemia (total cholesterol > 170 mg/dL, LDL > 110
mg/dL, TG > 75 mg/dL in children up to 9 years old and > 90 in
adolescents)
Fasting blood glucose < 100 mg/dL and/or HbA1C < 7%

Renal function Normal (MCNS) and GFR< 70 mL/min/1.73 m? (FSGS)
Reduction associated with hypovolemia in the edematous phase

Blood count and serum Normal

complement Increased hematocrit in hypovolemic patients

LDL = low density lipoprotein; TG = triglycerides; HbA1C = glycated hemoglobin; MCNS =
minimal change nephrotic syndrome, GFR = glomerular filtration rate; FSGS = focal segmental

glomerulosclerosis.

TREATMENT

NS is a chronic disease that presents periods of remissions and relapses. In the case of MCNS,
patients often respond to corticosteroid therapy and have a good prognosis. On the other hand,
NS due to more complex glomerular lesions, such as FSGS and MGN, resistance to
corticotherapy often occurs, making treatment challenging [3,5,46].

Regardless of the evolution and response to treatment, it is very important to clarify to the
patient and their family members the peculiarities of the syndrome, such as the possibilities of

recurrence, the warning signs of complications and the necessary general care [1,3].
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The vaccination with live vaccines is contraindicated while on immunosuppressive or cytotoxic
agents and should be postponed for up to 3 months after stopping treatment with
immunosuppressive agents and/or until prednisone dose is <20 mg/dl, except for the influenza
vaccine. The children are at increased risk of invasive pneumococcal infection and should
receive pneumococcal vaccination with the heptavalent conjugate vaccine and the 23-valent
polysaccharide vaccine. As well, exposure to varicella can cause serious damage, being the
Zostavax® live attenuated vaccine contraindicated in immunosuppressed and immunodeficient
patients and although immunosuppression reduces its effectiveness, the recombinant Shingrix
vaccine is safer [1,3,26,46].

Nutritional monitoring aims to decrease proteinuria, to prevent protein malnutrition and todelay
the onset of CKD. A balanced ingestion of micro and macronutrients is recommended. Diet
rich in proteins and lipids is contraindicated. Fiber ingestion is also indicated, and statin use
may be necessary in cases of chronic dyslipidemia. Salt ingestion should be reduced to
approximately 2 g per day in the presence of severe edema [1,3,26].

Children with NS have an increased risk to develop hypovitaminosis D. Supplementation of
vitamin D with 600 to 1000 IU per day for children aged 1 year may be necessary to maintain
25 (OH)-vitamin D above the ideal level of 20-25 ng/ml [1,3]. In this sense, the determination
of the serum concentration of 25 (OH)-vitamin D can be useful to determine the need or not for
the supplementation of vitamin D. In addition, it is important to ensure adequate calcium
ingestion in the diet (700 to 1,300 mg of calcium element/day), in order to prevent bone
complications, some of them due to chronic treatment with corticosteroids. Thus, the ingestion
of milk and dairy products should be encouraged. Dairy products are considered the main foods
that contribute to adequate daily calcium ingestion [1,3].

During the edema phase, the skin deserves special attention due to the major possibility of
infections and tissue rupture in regions very stretched by the edema. Some patients complain
of itching in some parts of the body, needing to moisturize the skin. Subcutaneous medications
are banned. VVenous punctures should be restricted to situations of recognized need. Treatment
with loop diuretics may be necessary. However, patients should be monitored closely because
of the risk of hypovolemia [1,3,26].

The child's normal activities should always be stimulated, and their restriction is the
responsibility of the patient. No benefit has been observed with rest, even in the edematous
phase of the disease [1,3]. On the contrary, inactivity can increase the risk of thromboembolic
events. However, in patients with symptomatic arterial hypertension, rest should be indicated

until blood pressure levels improve. There is no impediment for children to attend school,
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except in those cases in which there is a risk of exposure to infectious diseases, especially
chickenpox [1,3].

The treatment of the disease is usually in the outpatient facilities. Hospitalizations are rarely
necessary and due to the risk of infections, should be avoided and restricted to cases of severe
infections and accentuated edema. These complications may be difficult to manage on an
outpatient basis, increasing the risk of hemodynamic instability, worsening renal function and
significant hydroelectrolytic disorders.

The introduction of corticosteroids has considerably reduced the mortality and morbidity of
children with INS [1,3]. The mortality rate of children with NS has dropped to about 3% [47].
Corticosteroid therapy has as main objectives to induce total or partial remission of proteinuria
and preserve renal function (Figure 3). About 80% of children show complete remission of
symptoms after the introduction of treatment, while the remaining 20% may progress to SRNS.
These cases may respond well to other immunosuppressors or may progress to CKD, requiring
dialysis or transplantation [38]. In addition, approximately 80% of children who respond to
corticosteroid therapy have recurrences. Half of these children have relapses frequently, which
increases the risk of adverse effects from the long-term or repeated use of corticosteroids [48].
Those patients who initially present a good response to corticosteroids, but with frequent
relapses or dependence, may progress to drug resistance [49]. In these cases, renal biopsy is
indicated to guide the therapeutic strategy [1,46].

There is no indication for the use of corticosteroids for more than 2-3 months at the initial
episode of INS, considering that there is a low risk of relapse if the duration of treatment is
shorter than this period [50]. On the other hand, patients with corticosteroid addiction should
consider the use of a minimum amount of prednisone, which maintains remission and
minimizes side effects for a prolonged period (6 months to 1 year). Corticosteroid therapy is
associated with a wide range of adverse effects, which predominate in children who use high
doses or for a long period of time [51]. The administration of other immunosuppressive
medications is recommended If the use of a high dose of prednisone is necessary or if the side
effects of the medication are significant, as detailed below. Calcineurin inhibitors have been
shown to be effective in patients with SSNS, as they significantly increase the chance of partial
or total remission [52]. In contrast, patients who have genetic forms of corticosteroid resistance

have worse results with this treatment than those who do not have these mutations [53].
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As a measure of renoprotection, RAS blockers have been widely recommended [1,6,53,54].

Treatment with angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin type 1

receptor blockers (ARBs) slow down the progression of glomerular injury,

reduce

inflammatory and fibrogenic processes in renal tissue and control proteinuria [54]. The

effectiveness of ACElsand ARBs has been reported in different studies that show improvement

in renal survival [55-58]. In children with INS, the use of ACEIsand/or ARBs can promote a

50-80% decline in proteinuria, determining partial and/or total remission of the disease [58].
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There are several schemes of corticosteroid administration for INS. The immunosuppression

scheme of the international group KDIGO (Kidney Disease Improving Global Outcomes, 2020)

[46] recommends:
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First episode: the first episode should be treated with prednisone/prednisolone at a dose
of 2 mg/kg/day or 60 mg/m2/day (maximum 60 mg/day), in asingle dosein themorning,
for 4-6 weeks. Some studies have shown that there is no significant difference in the
number of relapses, over a 6-month period, using dose according to weight or to surface
area [46]. The single daily dose was shown to be as effective as multiple administrations
in maintaining remission. The occurrence of serious side effects was reduced in single-
dose treatment compared to patients who received divided doses [51]. Some patients
will have a slow response to corticosteroids and, in this case, the treatment time can be
extended to 8 weeks in an attempt to achieve remission. After this period, in that patient
who showed complete remission, the dose is reduced to 1.5 mg/kg or 40 mg/m?
(maximum 40 mg), every other day, for another four to six weeks, making at least 12
weeks of treatment. Some protocols no longer use the slow and progressive withdrawal
of corticosteroids, suspending treatment immediately after the alternate day schedule,
without taking into account the risk of acute adrenal insufficiency. However, in our
service, we use progressive corticosteroid reduction as detailed below.

Relapses: Relapses should be treated with prednisone/prednisolone at a dose of 2
mg/kg/day or 60 mg/m?/day (maximum 60 mg/day) in a morning single dose, until the
child completes 3 days of complete remission, which usually occurs in 4 weeks. Then,
the dose is reduced to 1.5 mg/kg or 40 mg/m? (maximum 40 mg) on alternate days for
another 4 weeks. In children with relapsing SSNS, some studies have not identified
differencesin the time of remission between patients using prednisone doses of 1 mg/kg
compared with patients using the conventional dose of 2 mg/kg. However, it is still
necessary to carry out a large study to determine whether the lower doses of prednisone
are sufficient to treat relapses [46].

Gradual reduction of prednisone/prednisolone: the gradual reduction of
prednisone/prednisolone is performed after the treatment of the first episode or
recurrences, due to the risk of acute adrenal insufficiency. Individual factors may
contribute to the development of acute adrenal insufficiency. The risk is greater when
the dose is close to physiological levels of cortisol. Afterthe initial immunosuppressive
treatment or in relapses, the gradual withdrawal of prednisone/prednisolone should be
made, considering the particularities of each patient. A 25% reduction of theinitial dose
every 7-15 days, until reaching the dose 2.5 mg/m2 every other day is recommended.
The dose of 2.5 mg/m2 every other day should be maintained for 1-2 weeks and then

suspended. If the patient presents an infectious condition during corticosteroid
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withdrawal, the medication should be used daily, at the same dose that was being
administered, on alternate days, at the time of the patient infection. A recent study
showed that therapy with low doses of prednisone, administered daily during an
infectious process, reduces the risk of relapse compared to using the drug every other
day [46].

At the beginning of treatment with corticosteroids, sodium and water retention occurs with
worsening of edema. Then, the anti-inflammatory effects of the medication surpass the
mineralocorticoid action, stimulating diuresis and the beginning of remission in steroid-
sensitive patients [51, 59].

In SDNS, a dose of prednisone should be administered sufficient to maintain remission, but as
low as possible, to minimize side effects [46]. It is used for a minimum period of 6 months, on
alternate days. Most children need a dose of 0.5 to 1.0 mg/kg every other day. The use of other
immunosuppressors is indicated for children who need high doses of prednisone and/or in those
with more intense adverse reactions to corticosteroids [46, 60].

SRNS is considered when complete remission of proteinuria does not occur after 8 weeks of
corticosteroids [26]. Some patients show clinical improvement, with the disappearance of
edema, however, remaining with significant proteinuria. In addition, some children who are
initially steroid-sensitive or steroid-dependent may later develop resistance to steroid treatment
[46]. Only about 5% of MCNS cases develop resistance to corticosteroids [61]. The majority
of children with SRNS have another type of histopathological lesion, predominantly FSGS [26].
For this reason, all SRNS patients should be submitted to renal biopsy for assessment of the

prognosis and to decide the therapeutic approach [53].

Other immunosuppressors
The subsequent treatment of INS varies according to the initial response to corticosteroids
(Figure 3). Itis essential to replace corticosteroids when there is dependence on high doses of
corticosteroid due to risk of complications or toxicity, including Cushing's syndrome, obesity,
metabolic changes, bone reabsorption, cardiovascular alterations, increase of intraocular
pressure, psychological or aesthetic changes [38,60]. In addition, the treatment with other
immunosuppressors  fundamentally aims complete remission and should be preferentially
prescribed by pediatric nephrologists.

e Cyclophosphamide (CPA) is an alkylating agent whose immunosuppressive action

involves direct cytotoxicity in inflammatory cells [62]. CPA has been shown to be
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effective in providing prolonged remissions in patients with SDNS and/or SSNS with
frequent relapses (Figure 3). The duration of remission is significantly shorter in more
severe patients [62]. However, the use of CPA reduced the number of children who
relapsed over a period of up to 24 months, compared to prednisone therapy [48].
Preferably after complete remission, CPA is used at a dose of 2 to 3 mg/kg/day, for 8 to
12 weeks with abrupt suspension. The maximum recommended cumulative dose is 168
mg/kg [53]. Itis not advisable to administer a second cycle of the drug. The results are
best when administered during a discontinued corticosteroid regimen, after remission
of proteinuria [46]. After treatment, some children may become steroid-sensitive. The
drug should be given in the morning, stimulating water intake, to decrease the risk of
hemorrhagic cystitis. Other adverse drug events are leukopenia, alopecia, bone marrow
suppression, gastrointestinal toxicity, disorders of the central nervous system, increased
susceptibility to infections (which can happen up to three months after discontinuation
of the medication) and gonadal toxicity, which is more common in males and in
adolescence, but rarely seen at a cumulative dosage below 150 mg/kg [53].
Azoospermia and infertility are dose dependent, but rarely occur at the doses usually
prescribed. However, for safety, its use is recommended between the age of 6 to 12
years [62]. The leukocyte count should be performed every 7 to 15 days for leukopenia
monitoring. Dose reduction is in case of leukocytes below 4.500/mm?3 and the drug
suspension if leukocytes below 3.000/mm? [38].

Levamisole is an anthelmintic with immunomodulatory properties, but its mechanism
of action has not yet been fully understood. Levamisole increases the Th1l response and
reduces the Th2 response, in addition to activating CD4* T cells more than CD8* T
cells. Although its action predominates on T cells, studies have shown that it can also
increase B cells and the humoral immune response. Finally, Levamisole can also act on
podocytes, by increasing the expression and activity of the glucocorticoid receptor [61].
Levamisole has been shown to be effective in promoting remission in patients with
SDNS and/or SSNS with frequent relapses (Figure 3). In addition, it is a good option in
SDNS children and in the presence of important side effects related to prednisone. The
risk of NS recurrence has reduced by half with the use of levamisole for four to 12
months [62,63]. The recommended dose is 2.0-2.5 mg/kg every other day, for 12-24
months, initially in combination with prednisone/prednisolone. Itis a safe medication,

generally well tolerated, with few side effects that include leukopenia, reversible with
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the suspension of the drug, skin rash, and gastrointestinal disorders [46,62,63]. After
the suspension of levamisole, recurrences of NS are common.

Cyclosporine is a calcineurin inhibitor that blocks the production and release of IL-2 by
T lymphocytes, thus preventing the induction and proliferation of effector T
lymphocytes [62]. Itis indicated for SRNS and for SDNS at high doses of prednisone
or with corticosteroid toxicity. Its use should also be reserved for patients with a
glomerular filtration rate greater than or equal to 60 ml/min/1.73m? and without pre-
existent tubulointerstitial fibrosis in histopathological examination [46]. The dose is 3-
6 mg/kg/day divided into two doses (12/12 hours), which can be increased up to 10
mg/kg/day. Although its efficacy is dose-dependent, the dose increase must be slow and
guided by the serum level, which must be closely monitored and maintained between
80-125 ng/ml (collected immediately before administration of the medication
administration, level C0). Some recent studies indicate that the use of cyclosporine in
combination with ACEI/ARB seems to be more effective in keeping the patient in
remission [46]. In addition, studies have shown that treatment with cyclosporine
increased the number of SRNS patients who achieved complete remission of the disease
[63]. Side effects include arterial hypertension, hypertrichosis, gingival hypertrophy,
tremors, gastrointestinal symptoms, hepatotoxicity and nephrotoxicity. For this reason,
when using cyclosporine, kidney function and drug level should be monitored carefully
[65]. Itis still uncertain whether its use reduces the number of patients who progress to
end-stage renal disease [64]. Renal biopsy should be performed in all patients under
cyclosporine treatment, periodically every 3 to 5 years. Significant tubulointerstitial
changes may occur during treatment. Tacrolimus is another calcineurin inhibitor
recommend as initial second-line therapy for children with steroid-resistant [46]. Due
to side effects of cyclosporine began to be used in preventing acute rejection and long-
term survival, besides being as effective as cyclosporine [65]. Both have the risk of
nephrotoxicity and the different side effects can be used to guide which of these will be
used.

Mycophenolate Mofetil (MMF) is an immunosuppressive medication that blocks the
proliferative response of T and B lymphocytes by inhibiting inosine monophosphate
dehydrogenase, an important enzyme for the synthesis of purines. It can be used in
patients with complicated NS, such as, for example, patients who have already used
cyclosporine with unfavorable response. Although MMF can be extremely useful in NS

secondary to systemic erythematosus lupus, scientific evidence for its use in SDNS and
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SRNS is low [46]. The use of MMF, in these situations, is an attempt to reduce the side
effects associated with other immunosuppressive medications. MMF is considered as a
third-line agent [66]. MMF was generally well tolerated, with gastrointestinal symptoms
being the main side effects, reported in 3—-11% of patients [62].

e Rituximab (RTX) is a monoclonal antibody that targets CD20, which is a protein found
in mature B cells and their precursors. It acts by binding to CD20, inducing destruction
of B lymphocytes by direct cytotoxicity, apoptosis or phagocytosis, and consequent
decrease in the production of antibodies. In addition, RTX can increase the number and
function of regulatory T cells (Treg), which has been associated with maintaining
remission in patients with SN [67]. It can be used in patients with SSNS with frequent
relapses or SDNS. An insignificant response was seen in SRNS patients [46]. Relapses
after RTX therapy have been associated with the reappearance of memory B
lymphocytes [62]. RTX use is associated with a reduction in the number of children
with recurrence in a period of 6 to 12 months. However, the effect of treatment is
temporary, and many children will need additional doses [48]. The centers with more
experience in the use of this medication have recommended doses of 375-750 mg/m?
(maximum 1.000 mg), completing 2 to 4 infusions, with an interval of 1-2 weeks
between doses, adopted from two previously used schedules [68]. The doubts related to
the safety of the medication are due to the lack of knowledge about the long-term side
effects. It is recommended that the administration of RTX should be performed only in
centers specialized in pediatric nephrology, with administration in a hospital
environment, under monitoring. The effects related to the drug are fever, high blood
pressure, vomiting, diarrhea, skin rash, hypersensitivity reaction, bronchospasm and
increased risk of infections [69]. Although the studies donot mention important adverse
effects other than those related to the infusion of the drug, there are reports of serious
reactions related to other indications for RTX which include: pneumonia, pulmonary
fibrosis, gastrointestinal ulcerative disease, anaphylactic reaction, fulminant
myocarditis, reactivation of hepatitis B and multifocal leukoencephalopathy [67]. The
risk for prolonged hypogammaglobulinemia is controversial. It is recommended to

follow up the patients with serial measurements.

In summary, current INS therapy is based on the use of corticosteroids, inducing complete
remission in most pediatric patients [70]. However, the introduction of other

immunosuppressive agents may be necessary in cases of resistance to corticosteroids in order
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to achieve remission, as well as to reduce the side effects of corticosteroids. The morbidity of
the disease is mainly related tothe side effects of the medications [62]. Recently, clinical studies
have shown satisfactory results with medications that directly target the immune system [71]
and the signaling pathways of the podocytes [72,73]. Anti-CD20 antibodies, such as rituximab,
are able toinduce and/or maintain a long-term remission in INS patients, allowing the reduction
of corticosteroids or other immunosuppressors in use [10,74].

There is no evidence-based consensus on the most effective therapeutic approach, especially
for SSNS. In general, the response to immunosuppressive agents is limited and variable. CPA,
levamisole, cyclosporine and MMF can be used in children with relapsing NS. Further studies,
with larger samples and well designed are needed to compare the different treatments proposed,
in order to determine how and when these medications should be used, the possible
combinations and the benefits and harms of the treatment [48,64]. Currently, the drug protocol

varies according to clinical situations and health system conditions [61].

COMPLICATIONS

Thromboembolism is a serious complication of INS, affecting up to 9% of pediatric patients.
High risk of thromboembolic events has been associated with the presence of steroid -resistance
[75]. Hypercoagulability results from changes in blood levels of various factors involved in the
coagulation and in the fibrinolytic system, changes in platelet functions, increased blood
viscosity due to hemoconcentration, high blood pressure and, probably, administration of
steroids and/or diuretics [76]. The urinary loss of antithrombin 111, plasminogen, protein C and
protein S, physiological anticoagulants, has been associated with low serum levels of albumin
[77]. However, the pathophysiological mechanisms of this complication in NS have not yet
been fully elucidated.

The propensity to infection is another common complication in INS. Peritonitis, meningitis and
cellulite are frequent conditions and the most common microorganisms are Streptococcus
pneumoniae, Haemophilus influenzae and E. coli. Bacteriuria is common [26]. This
predisposition is mainly attributed to the urinary loss of immunoglobulins, the loss of zinc and
factors of the alternative pathway of the complement system (especially factor B) and the use
of immunosuppressive therapy [1,26]. Specifically, virus infection (chickenpox, influenza)
deserves attention given the potential severity in immunosuppressed individuals [1,3].

NS patients have lipid abnormalities including hyperlipidemia due to elevated total cholesterol,
LDL and VLDL fractions, triglycerides, apolipoprotein B and A1 [1]. The studies did not show

an increased risk for acute myocardial infarction (AMI) in pediatric patients with INS [6].
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Despite this, the use of ARBsand/or ACEIs, in additionto statins in INS pediatric patients with
risk factors can be recommended, in order to prevent premature atherosclerosis [1].

Lipid alterations can lead to dyslipidemia, a complication little described in SN patients. The
loss of proteins in urine, especially those involved in essential transport such as albumin, lead
to an increase in protein synthesis by the liver and lipid production [1]. Such cellular lipid
overload contributes to renal and endothelial dysfunction due to the generation of ROS and
expression of adhesion molecules, in addition to promoting changes in adipocyte metabolism,
production of inflammatory cytokines and expression of metabolic markers, key components
for decreased renal function [78].

Decompensated NS can lead to reduced diuresis due to hypovolemia. Some risk factors such as
sepsis, diarrhea and the indiscriminate use of diuretics can trigger a reduction in blood volume.
Patients with SRNS can present anemia, which results from urinary losses of iron,
erythropoietin, transcobalamin, transferrin and copper [26].

Finally, hypothyroidism and vitamin D deficiency can be seen. Therefore, in order to avoid
disturbances in the growth and formation of bone structure, thyroid function must be monitored

and, eventually, nutritional supplementation with vitamin D must be prescribed [1,3,6].

CONCLUSION

In pediatric patients with INS, the therapeutic response to corticosteroids still remains the main
predictive factor for the prognosis of the disease. A large interindividual variation is observed
in INS patients, especially in regard to clinical course, response to treatment and side effects of
the medications [51]. Children older than 4 years of age, who present remission at the beginning
of treatment with corticosteroids, in the absence of microscopic hematuria, have fewerepisodes
of relapse. Incontrast, SRNS patients that are refractory to other therapeutic strategies evolve
to ESRD with several associated complications [6].

in relation to genetic tests, it is likely that they will become more and more necessary, as the
number of works related to the screening of mutations associated with SN has increased
exponentially. The increase in the availability of new techniques, such as Next-Generation
Sequencing (NGS), can take on special importance in cases of difficult treatment. Genetic
studies may help to identify patients who will benefit from immunosuppressive treatments from
those who will only suffer from the adverse effects of these therapies [79,80].
Pharmacogenomics studies show that genetic factors can be responsible for 20 to 95% of the
variability in the therapeutic response among INS patients in regard to efficacy and to adverse

effects. Pharmacogenomics influences the pharmacokinetics and pharmacodynamics of
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medications in patients. This understanding may allow individualized therapy in order to

increase the effectiveness and to reduce the toxicity [51].
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4 OBJETIVOS

O objetivo do presente estudo foi avaliar potenciais biomarcadores em pacientes

pediatricos com SN primaria. Para isso, as concentracdes urinarias dos componentes do SRA
[Ang 11, Ang-(1-7), ECA e ECAZ2], das citocinas inflamatorias [IL-1p, IL-6, IL-8, IL-10, TNF,
IL-12p70] e quimiocinas [IL-8/CXCL8, MIG/CXCLY, IP-10/CXCL10, MCP-1/CCL2 e

RANTES/CCL5] e as concentracdes séricas das adipocinas [adiponectina, resistina, leptina],

dos horménios do metabolismo energético [grelina, GLP-1, GIP)] e dos marcadores de funcéo

endotelial [sVCAM-1), PAI-1] foram dosadas em pacientes com SN primaria e comparadas

com mensuracdes em criancas e adolescentes saudaveis, pareados em sexo e idade (grupo

controle).

Os objetivos especificos foram:

a.

Mensurar os componentes do SRA e moléculas inflamatdrias em amostras de
urina de pacientes pediatricos com SN primaria e individuos saudaveis, pareados
por idade e sexo;

Mensurar as adipocinas, horménios do metabolismo, sVCAM e PAI-1 em
amostras de urina e plasma de pacientes pediatricos com SN primaria e
individuos saudaveis, pareados por idade e sexo;

Comparar as mensuracdes de componentes do SRA e moléculas inflamatorias
em amostras deurina de pacientes que estdo ou ndo em uso cronico de inibidores
daECA (iECA) e/ou antagonistas de receptores AT1 (BRA) e de acordo com a

presenca ou auséncia de proteindria.

. Avaliar possiveis correlacdes entre os biomarcadores estudados e a proteindria

de 24 horas.
Avaliar as correlagdes entre adipocinas, hormoénios do metabolismo, sSVCAM e
PAI-1 com os dados clinicos e laboratoriais dos pacientes pediatricos com SN

primaria.
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5 METODOLOGIA

5.1 Delineamento e aspectos éticos

O delineamento da pesquisa foi de um estudo transversal, totalizando 33 pacientes
pediatricos portadores de SN primaria, acompanhados no ambulatério de Nefrologia Pediatrica
do Hospital das Clinicas da Universidade Federal de Minas Gerais (HC-UFMG) no periodo
compreendido entre marco de 2017 a fevereiro de 2019. O critério utilizado para diagnéstico
dadoenga foi baseado no KDIGO Clinical Practice Guideline for Glomerulonephritis (2012)20.

O estudo recrutou criancgas e adolescentes com idade variando entre 8 a 16 anos (n=31),
sendo 19 do sexo masculino e 12 do sexo feminino, em um primeiro momento. Posteriormente,
foramincluidos pacientes com idadeentre 2 a 19 anos (n=33), totalizando 22 do sexo masculino
e 11 do sexo feminino, em uso ou nédo de corticoides, imunossupressores e bloqueadores do
SRA.

Este projeto de pesquisa foi aprovado pelo Comité de Etica e Pesquisa da Universidade
Federal de Minas Gerais (COEP-UFMG), sob os protocolos ETIC 572/07, ETIC 316/09 e
CAAE-07513513.9.0000.5149. O termo de consentimento livre e esclarecido (TCLE) foi
apresentado e assinado por todos 0s responsaveis e o termo de assentimento foi apresentado e
assinado pelos participantes, quando pertinente. Nos termos em questdo foram informados os
objetivos do estudo e era assegurado o direito de recusa na participacdo, ndo havendo qualquer
prejuizo no acompanhamento dos pacientes. Ressalta-se que o estudo ndo interferiu com
nenhuma prescricdo e recomendacdo médica destinada aos pacientes. Foram informados
também que as informacGes e dados clinicos e laboratoriais coletados, por consulta aos

prontudrios, seriam mantidos em sigilo e usados exclusivamente para fins de pesquisa.

5.2 Critérios de incluséo e excluséo
5.2.1 Grupo SN

Foram incluidos os pacientes diagnosticados com SN primaria (n=33) em tratamento
clinico, acompanhados regularmente no ambulatério, de ambos 0s sexos, que aceitaram
participar do estudo apds os pais ou responsavel legal concordar e assinar o TCLE. Os critérios
adotados foram funcao renal preservada, diagndstico claramente definido e se encontrarem em
remissdo completa ou parcial da doenga no momento de coleta das amostras.

Os pacientes que apresentavam sindrome nefrética congénita, formas secundarias de
SN, estagios de 2 a 5 da DRC, recidivas clinicas e laboratoriais, ou infeces agudas e alérgicas

no momento das coletas de urina foram excluidos.
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5.2.2 Grupo controle

Criangas e adolescentes saudéveis (n=29) foram recrutados nos Ambulatorios de Atencdo
Priméria Pediatrica do Hospital das Clinicas da UFMG, pareados em sexo e idade com 0s casos
de SN. Apos assinatura do TCLE, os sujeitos que ndo apresentavam alteraces ao exame clinico
e nem histéria pregressa de nefropatias ou quaisquer doencas crénicas ou agudas foram

incluidos no estudo.

5.3 Protocolo de estudo

Os pacientes pediatricos com SN primaria foram recrutados de acordo com a atividade
da doenca, conforme os valores de proteinuria e auséncia de edema: pacientes com excrecao de
proteina em urina de 24 horas entre 150 e 1000 mg/dl e sem edema foram considerados em
remissdo parcial e aqueles que também ndo apresentavam edema, mas com excrecdo de
proteina em urina de 24 horas abaixo a 150 mg/d L foram considerados em remissédo completa23,

A realizacdo das coletas de material biolégico para avaliacdo dos componentes do SRA,
mediadores inflamatdrios, adipocinas, horménios do metabolismo, e dos marcadores de fungao
endotelial, sVCAM e PAI-1 foram concomitantes a coleta de dados clinicos e laboratoriais do
prontuario de cadapaciente. Variaveis como idade, sexo, peso, altura, indice de massa corpdrea
(IMC), pressdo sistolica e diastélica, dosagens séricas de creatinina, albumina, colesterol,
triglicérides e dosagens urinarias de creatinina, proteinaria de 24 horas foram avaliadas. Além
disso, os resultados de biopsia renal e as medicagcdes em uso foram também verificados. O ritmo
de filtracdo glomerular (RFG) foi estimado empregando a formula de Schwartz modificada®.
A avaliacdo do estado nutricional foi baseada nos critérios da Organizacdo Mundial de Saude
(OMS - SISVAN) que utiliza a classificacdo percentil do IMC segundo idade e sexo3?

Os controles saudaveis realizaram as coletas de urina e plasma em uma Unica ocasido
para avaliagdo das moléculas inflamatérios, dos componentes do SRA, das adipocinas, dos
hormdnios dometabolismo e dos marcadores de funcdo endotelial, sVCAMe PAI-1. Damesma

maneira, as variaveis clinicas foram avaliadas no mesmo momento das coletas.

5.3.1 Coleta e processamento das amostras bioldgicas

Amostras deurina foram coletadas em recipientes estéreis, homogeneizadas e separadas
em tubo tipo falcon. Foram centrifugadas a 3800 rpm, 4°C por 5 minutos para decantacéo.
Realizada a assepsia prévia, as amostras de sangue foram obtidas por meio de punc¢édo venosa
periférica em tubos individualizados de heparina. O protocolo para separagdo do plasma

consistiu em centrifugacdo a 3000 rpm, por 10 minutos, a 4 °C.
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Posteriormente ao processamento, as amostras bioldgicas foram aliquotadas (1 ml) em
tubo tipo eppendorf e armazenadas em freezer -80 °C até o momento das anélises de

biomarcadores.

5.3.2 Estudo dos componentes do SRA e sVCAM-1 por imunoensaio enzimatico

A determinacdo das moléculas do SRA [Ang 11, Ang-(1-7), ECAe ECA2] e sVCAM-1
foi realizada pela técnica de ensaio imunoenzimatico (ELISA). Seguindo as recomendac6es do
fabricante (My Biosource, San Diego, CA, USA) e (R&D Systems, Minneapolis, EUA),
respectivamente, a técnica de ELISA tipo sanduiche foi aplicada na determinacdo dos niveis
urinarios de Ang 11, Ang-(1-7) e ECA2 e das concentragdes plasmaticas e urinarias desVCAM-
1. O método de ELISA competitivo foi usado para a mensuracdo de ECA.

O procedimento é baseado em interaces antigeno-anticorpo do marcador investigado e
um substrato de deteccdo colorimétrico especifico para enzima. A sensibilidade estimada do
ensaio € de 1,0 pg/ml para ECA e ECA2, 2,0 pg/ml para Ang |1 e Ang-(1-7) e 1,26 ng/mL para
sVCAM-1.

Brevemente, foi feita a adicdo das amostras de urina e padrdes as microplacas revestidas
com anticorpos especificos para cada marcador analisado e anticorpos especificos ligados a
enzima. Apds um periodo de incubacdo, as placas foram lavadas e um substrato especifico para
a enzima foi acrescido gerando cor, sendo a intensidade da cor diretamente proporcional ao
marcador avaliado, exceto para a medida da ECA, que € inversamente proporcional.
Finalmente, uma solucdo de parada foi adicionada para interromper a reagdo. As placas foram
lidas a 450 nm em espectrofotdmetro (Emax — Molecular Devices).

As concentragcbes dos marcadores nas amostras dos participantes foram obtidas
interpolando os valores da absorbancia em uma curva de calibracdo feita com padrbes de

concentragé@o conhecida, fornecidos pelo fabricante, utilizando o software SoftMaxPro®.

5.3.3 Quantificacédo de citocinas e quimiocinas por CBA (Cytometric Beads Array)

A dosagem dos niveis urinarios de moléculas inflamatdrias, citocinas e quimiocinas, foi
realizada pelo método de CBA, segundo informacgdes do fabricante (BD Biosciences, San Jose,
CA, USA), utilizando os kits CBA Human Inflammatory Cytokine e CBA Human Chemokine
Kit. Os padrbes e amostras foram adquiridos em citometro de fluxo FACS Canto Il (Becton,
Dickinson and Company, San Jose, CA, USA) e os resultados analisados pelo programa FCAP

Array (Soft Flow Inc., Pecs, Hungary) e representados em pg/ml.
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5.3.4 Quantificagdo de adipocinas, horménios metabolicos e PAI-1 por Milliplex/Luminex

Seguindo os protocolos do fabricante, os niveis plasmaticos e urinarios de adiponectina,
leptina, resistina, grelina, GLP-1, GIP, PAI-1 foram medidos pela plataforma
Milliplex/Luminex xXMAP® (Millipore Corporation, MA, EUA). Os padrdes e amostras foram
adquiridos no analisador de microesferas MAGPIX® (Luminex Corporation, Texas, EUA) e
os resultados analisados no programa Milliplex Analyst (MilliporeSigma) e representados em
pg/ml.

Sucintamente, microesferas de captura recobertas por anticorpos monoclonais
especificos para cada analito sdo adicionados aos pocos, juntamente com as amostras e padroes.
Apbs incubacdo e lavagem, uma mistura de anticorpos biotinilados secundérios € adicionada.
Em seguida, a estreptavidina conjugada com a proteina fluorescente é incubada por um periodo
breve. Apds lavagem, o sobrenadante foi desprezado e o precipitado contendo as microesferas

foi ressuspendido em uma solugéo tampao.

5.4 Anélise estatistica

Para cada grupo, os resultados obtidos foram expressos como meédias e erro padréo da
média (EPM) ou medianas e intervalo interquartil ou porcentagens, quando apropriado.

A associacao entre variaveis categoricas foi avaliada por meio do teste qui-quadrado e
a distribuicdo das varidveis quantitativas foi verificada pelo teste de Shapiro-Wilk. A
comparacdo entre dois grupos foi feita pelo teste t de Student para dados ndo pareados para
variaveis de distribuicdo normal e, para as variaveis sem distribuicdo gaussiana, o teste Mann-
Whitney foi usado. As correlagdes entre as variaveis foram analisadas pelo teste de Spearman.

Todos os testes estatisticos foram bicaudais, usando um nivel de significancia de
p<0,05. Para construcdo do banco de dados e realizacdo das analises estatisticas, utilizamos 0s
programas SPSS versdo 22.0 (SPSS Inc., Chicago, IL, USA) e Prism 5.0 (GraphPad, La Jolla,
CA, USA).
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Introduction: Renin angiotensin system (RAS) plays a role in idiopathic nephrotic syndrome
(INS). Most studies investigated only the classical RAS axis. Therefore, the aims of the present
study were to evaluate urinary levels of RAS molecules related to classical and to counter-
regulatory axes in pediatric patients with INS, to compare the measurements with levels in
healthy controls and to search for associations with inflammatory molecules, proteinuria and
disease treatment. Subjects and methods: This cross-sectional study included 31 patients with
INS and 19 healthy controls, matched for age and sex. Patients and controls were submitted to
urine collection for measurement of RAS molecules [Ang 11, Ang-(1-7), ACE and ACEZ2] by
enzyme immunoassay and cytokines by Cytometric Bead Array. Findings in INS patients were
compared according to proteinuria: absent (<150 mg/dl, n=15) and present (>150 mg/dl, n=16).
Results: In comparison to controls, INS patients had increased Ang Il, Ang-(1-7) and ACE,
levels while ACE2 was reduced. INS patients with proteinuria had lower levels of ACE2 than
those without proteinuria. ACE2 levels were negatively correlated with 24-h-proteinuria.
Urinary concentrations of MCP-1/CCL2 were significantly higher in INS patients, positively
correlated with Ang Il and negatively with Ang-(1-7). ACE2 concentrations were negatively
correlated with 1P-10/CXCL-10 levels, which, in turn, were positively correlated with 24-h-
proteinuria. Conclusion: INS patients exhibited changes in RAS molecules and in chemokines.

Proteinuria was associated with low levels of ACE2and high levels of inflammatory molecules.
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INTRODUCTION

The pathophysiological mechanisms of idiopathic nephrotic syndrome (INS) support an
underlying role for the immune system [1,2]. This hypothesis relies on the fact that the main
treatment is based on corticosteroids and studies show different inflammatory profiles in
patients with INS [3—6]. Experimental and clinical studies also suggest that renin angiotensin
system (RAS) may play an important role on the pathogenesis of INS [7-10].

RAS is classically described as a circulating system that leads to the production of angiotensin
Il (Ang II), which binds to angiotensin type 1 receptors (AT1), promoting vasoconstriction,
sodium retention, aldosterone release, inflammation and fibrosis [11]. However, RAS is now
conceived as a dual acting system, mainly formed by two opposite axes [12—14] the classical
one, including angiotensin converting enzyme (ACE), Ang Il and AT1 receptor and the counter-
regulatory axis formed by the enzyme homologue to ACE, named ACE2 [15,16], the
heptapeptide angiotensin-(1-7) [Ang-(1-7)] and its receptor, Mas [17]. Ang-(1-7) is mainly
produced by ACEZ2 that uses Ang Il as the major substrate [18]. Ang-(1-7) exerts its effects via
Mas receptor activation, leading to vasodilation, anti-inflammatory and anti-fibrogenic effects
[12-14]. The unbalance between both RAS axes is thought to have an active role in renal
diseases [12].

Experimental studies indicate that activation of the counter-regulatory RAS axis reduces renal
inflammation, fibrosis and proteinuria. In a murine model of nephrotic syndrome (NS), the
treatment with a Mas receptor agonist, the compound AVEQ991, reduced proteinuria, renal
levels of TGF-beta and renal tissue damage [8]. On the other hand, NS induced in Mas receptor
knockout mice did not improved in response to the use of AT1 receptor blocker (ARB),
suggesting that the presence of Mas receptor is critical for the therapeutic response to ARBS
[8]. Despite clinical studies showing beneficial effects of ACE inhibitors and ARBs [6,7], there
are no studies evaluating the role of the counter-regulatory RAS axis in INS patients, mostly in
pediatric population. Therefore, the aims of the present study were to evaluate urinary levels of
RAS molecules [(ACE, ACE2, Ang Il and Ang-(1-7)] in pediatric patients with INS and to
compare with the same measurements in healthy sex- and age-matched children. In addition,
measurements of RAS molecules were correlated with proteinuria and with urinary levels of

markers of inflammation in pediatric patients with INS.

SUBJECTS AND METHODS
Study design

This is a cross-sectional study with a sample of children and adolescents with remitted and
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partially remitted INS, followed-up at the Pediatric Nephrology Unit (PNU) of our institution
from 2017 to 2018. Our PNU has attended approximately 300 children with nephrotic
syndrome, according to a systematic protocol that includes definition of disease etiology,
assessment of clinical course and laboratory alterations, institution of treatment protocols and
indication of renal biopsy based on clinical (corticosteroid unresponsiveness) and laboratory
findings as detailed elsewhere [19]. The diagnostic criteria for INS were based on the KDIGO
Clinical Practice Guideline for Glomerulonephritis (2012) [20].

Patients with INS

Thirty-one patients ranging from 8 to 16 years with INS in total or partial remission were
included in the study. The inclusion criteria were still-preserved renal function, well-established
diagnosis of INS and complete or partial remission of the disease. After parents’ consent, urine
samples were collected simultaneously to routine laboratory exams. Exclusion criteria were
congenital nephrotic syndrome, secondary forms of nephrotic syndrome, INS patients at stages
2-5 of chronic kidney disease, INS patients during clinical and laboratory relapses and the

presence of acute infections and allergies at the moment of urine collection.

Control group

The control group consisted of 19 healthy sex- and age-matched subjects from the Pediatric
Primary Care Center. Healthy status was determined through the subjects’ medical history and
either a parental report or self-report to rule out the presence of chronic or acute diseases.

Ethical aspects

The Ethics Committee of our institution approved the present study under the protocol CAAE-
07513513.9.0000.5149. Informed consent was obtained from the parents of all included
subjects. The research protocol did not interfere with any medical recommendations or
prescriptions. The follow-up of the INS patients and healthy controls was guaranteed even in

cases of refusal to participate in the study.

Study protocol

The present study included only patients presenting complete or partial remission of INS.
Patients with 24-h urine protein excretion above or equal to 150 mg/dl and absence of edema
were considered in partial remission. Patients with 24 h urine protein excretion below 150mg/d|

and absence of edema were considered in complete remission. Patients exhibiting relapses of



61

edema and intense proteinuria were excluded. The established reference for proteinuria was
based on the KDIGO [20]. Clinical characteristics and casual measurements were obtained at
the same time of urine collection. Clinical variables were age, gender, height, weight, body
mass index, and systolic and diastolic blood pressure. In INS patients, serum levels of
creatinine, albumin, cholesterol and triglycerides were assessed at the same time of urine
collection obtained for the measurements of RAS molecules and immune mediators. Urinary
determinations of creatinine and of 24-h protein excretion were also performed simultaneously
to other measurements. Glomerular filtration rate (GFR) was estimated using the modified
formula of Schwartz et al. [21]. Renal biopsy results and medications in use at the time of urine
sampling were also analyzed.

INS patients were subdivided according to the values of proteinuria, which ranged from 48
mg/dl to 1220 mg/dl. Thereby, those with 24-h urinary protein excretion inferior to 150 mg/d|
were allocated to the subgroup named absence of proteinuria (n=15) and when proteinuria was
equal to or above 150 mg/dl patients were included in the subgroup called presence of
proteinuria (n=16).

INS patients were also analyzed in regard to the use or not of medications that directly interfere
with RAS as ACE inhibitors and/or ARBs and to the use or not of steroids. Therefore, 16
patients in use of ACE inhibitors and/ or ARBs were compared with 15 patients not receiving
these medications and 18 patients in use of steroids were compared with 13 not under treatment

at the time of urine sampling.

Urine samples
Urine specimens for the measurement of biomarkers were collected into sterile dry tubes. After
homogenization, 15ml of the collected urine were centrifuged at 4°C for 5 min and aliquoted

into 1 ml tubes and stored at —80-C until the measurements.

Renin angiotensin system (RAS) components

Urine levels of RAS molecules [Ang 11, Ang-(1-7), ACEand ACE2]were measured by enzyme
immunoassay (ELISA), according to procedures supplied by the manufacturer (MyBioSource,
San Diego, CA, USA). All kits applied sandwich ELISA technique, except for ACE
measurement whose kit applied competitive ELISA method. The sensitivity of the assays was
1.0 pg/ml for ACE and ACE2, 2.0 pg/ml for Ang Il and Ang-(1-7) and reading the optical
density at 450 nm. All biochemical assessments were performed blinded in regard to clinical

diagnosis.
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Cytokines and chemokines measurements

The urinary levels of multiple cytokines [interleukin (IL)-12p70, IL-6, IL-8, IL-10, IL-1p,
tumor necrosis factor (TNF) and interferon gamma (IFN-y)] and chemokines [induced protein
10 (IP-10/CXCL-10), monocyte chemoattractant protein-1 (MCP-1/CCL2), IL-8/CXCLS,
monokine induced by gamma interferon (MIG/CXCLD9), regulated on activation normal T cell
expressed and secreted (RANTES/CCL5)] were assessed simultaneously using a Human
FlexSet kit for Cytometric Bead Array (CBA, BD Bioscience, San Jose, CA,USA), following
manufacture’s instruction. The acquisition was performed using an FACSCanto Il flow
cytometer (BD Biosciences, San Jose, CA, USA). The instrument has been checked for
sensitivity and overall performance with Cytometer Setup & Tracking beads (BD Biosciences)
prior to dataacquisition. Quantitative results were generated using FCAP Array v1.0.1 software
(Soft Flow Inc., Pecs, Hungary). Urinary levels of all these biomarkers were expressed as
concentrations standardized for urine creatinine and expressed as pictograms per milligram.
Positive controls were also included in urine measurements of cytokines and chemokines to

confirm the accuracy of the assays.

Statistical analysis

The softwares SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5.0
(GraphPad Software, Inc., La Jolla, CA, USA) were used for statistical analysis. The results
obtained were expressed as means and standard error of mean (SEM), medians and interquartile
range or percentages, when appropriate. Categorical variables were compared by Qui-square.
Gaussian distribution was checked by Shapiro-Wilk test. For variables without Gaussian
distribution, Mann—-Whitney test was used to compare two groups. For variables with normal
distribution, comparisons between two groups were made by unpaired Student’s t test.
Spearman’s correlation analyses examined the relationship between proteinuria, urinary levels
of RAS components and measurements of inflammatory molecules in the same samples. All

statistical tests were two-tailed with a significance level of P <0.05.

RESULTS

Subject characteristics and casual measurements

Clinical and laboratory findings of INS patients and healthy controls are shown in Table 1. The
control group (n=19) included 12 boys and 7 girls, ranging from 9 to 15 years old. All controls
had clinical and laboratory parameters within normal range (Table 1). No statistical differences

between INS patients (n=31) and controls were found in age, sex distribution, body mass index,
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GFR, plasma levels of triglycerides, cholesterol, creatinine and albumin (P>0.05 for all
comparisons, Table 1). As expected, the values of proteinuria were significantly higher in INS
patients than in healthy controls (Table 1).

In regard to treatment, 6 among 31 (19%) INS patients were not receiving any medication at
the time of urine collection, whereas the remaining patients needed at least one medication
(Table 1). Sixteen among 25 (64%) patients of the INS group were receiving steroids and 9
(36%) cyclosporine, both isolated or in association with inhibitors of the RAS. In regard to
histopathology, 15 (48.4%) patients were not submitted to renal biopsy, 5 (16.1%) presented
focal segmental glomerulosclerosis, 5 (16.1%) had minimal change disease, 3 (9.7%) exhibited

mesangial glomerulopathy and 3 (9.7%) membranous glomerulopathy.
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Table 1. Clinical and laboratorial findings of patients with idiopathic nephrotic syndrome and

healthy controls matched by sex and age.

Parameters Patients (n=31) Controls (n=19) P values
Age (years) 11.3+4.8 119+1.8 0.912
Sex (male / female) 19/12 1217 0.905
BMI (Kg/m?) 19.3+3.2 17.8+2.6 0.094
Creatinine (mg/dL) 06+0.2 06+0.1 0.210
Triglycerides (mg/dL) 114.4 +79.6 - -
Total cholesterol (mg/dL) 188.8 £92.9 - -
Albumin (g/dL) 4.0+0.7 45+0.2

Glomerular filtration ratef 109.2 £ 28.8 119+ 12 0.254
Proteinuria (mg/m?/24h) 304.2 £ 3785 <100 mg/dL -
Medications in use

No medication 6 19 <0.001
Only Steroids 2 -

Steroids + ACEior ARB 16 -

Only ACEior ARB 5 -

Only cyclosporine 0 -

Cyclosporine + ACEior ARB 9 -

Histopathology

No biopsy 15 -

MDC 5 -

FSGS 5 -

Membranous nephropathy 3 -

Mesangial glomerulopathy 3 -

Values are expressed as mean and standard deviation. Sex, medications in use and renal

histopathology are expressed as absolute values. fGlomerular filtration rate was estimated

using modified Schwartz's formula. Abbreviations: BMI = body mass index; ACEi = inhibitor

of the angiotensin converting enzyme; ARB = angiotensin receptor type 1 blocker; MDC =

minimal change disease; FSGS = focal segmental glomerulosclerosis.
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The comparison between INS patients without proteinuria (absent) versus patients with proteinuria
(present) is shown in Table 2. No differences in clinical and laboratorial findings were detected
(P>0.05 for all comparisons, Table 2), except for 24-h proteinuria.

Table 3 shows the comparison between patients receiving (n=23) and not receiving ACE inhibitors
and/or ARBs (n=8). The only difference between both subgroups was the medication in use. No
significant differences were detected in regard to age, sex distribution, clinical data, laboratory

measurements and renal histopathology (P>0.05 for all comparisons, Table 3).
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Table 2. Clinical and laboratorial findings of patients with idiopathic nephrotic syndrome subdivided

according to 24-hour urinary protein excretion: absence of proteinuria < 150mg/dL (without

proteinuria) and presence of proteinuria > 150 mg/dL (with proteinuria).

Parameters Without proteinuria With proteinuria P values
(n=15) (n=16)
Age (years) 10.6 £3.2 11.8+54 0.223
Sex (male / female) 10/5 9/7 0.716
BMI (Kg/m?) 19.1+25 19.4 + 3.7 0.782
Creatinine (mg/dL) 0.53+0.10 0.65+0.32 0.500
Triglycerides (mg/dL) 98.5+59.7 132.7+97.1 0.204
Total cholesterol (mg/dL) 186.1 £ 107.8 191.8+77.9 0.400
Albumin (g/dL) 4.1+0.76 3.8+£0.6 0.197
Glomerular filtration ratet 113.8 + 25.7 104.9 + 31.6 0.519
Proteinuria (mg/m2/24h) 80.7+25.4 543.7 +434.1 <0.0001
Medications in use
No medication 5 1 0.083
Only Steroids 1 1 0.999
Steroids + ACEior ARB 3 5 0.685
Only ACEior ARB 1 5 0.172
Only cyclosporine 0 -
Cyclosporine + ACEior ARB 1 0.484
Histopathology 0.598
No biopsy 6 9
MDC 4 1
FSGS 2 3
Membranous nephropathy 1 2
Mesangial glomerulopathy 2 1

Values are expressed as mean and standard deviation. Sex, medications and renal histopathology in use
are expressed as absolute values. TGlomerular filtration rate was estimated using modified Schwartz's

formula. Abbreviations: BMI = body mass index; ACEi

inhibitor of the angiotensin converting

enzyme; ARB = angiotensin receptor type 1 blocker; MDC = minimal change disease; FSGS = focal

segmental glomerulosclerosis.
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Table 3 - Clinical and laboratorial findingsof patients with idiopathic nephrotic syndrome subdivided

according to use or not of medications that directly interfere with RAS: ACEiand ARB.

Parameters ACEior ARB (n=23) No ACEiou ARB (n=8) P values
Age (years) 114+ 4.6 10.6 + 4.5 0.584
Sex (male / female) 14/9 5/3 0.957
BMI (Kg/m?) 19.8+3.3 13.9+8.8 0.260
Creatinine (mg/dL) 0.61+0.28 0.54+0.12 0.964
Triglycerides (mg/dL) 1179+ 87.2 103.9+55.9 0.852
Total cholesterol (mg/dL) 186.2 + 68.8 197 + 153.8 0.320
Albumin (g/dL) 39105 42+0.9 0.181
Glomerular filtration ratef 108.1 £29.4 112.3 £ 28.6 0.910
Proteinuria (mg/m2/24h) 380.2 £ 421.8 104.9 + 44.6 0.118
Medications in use

No medications 0 5 < 0.0001
Steroids + ACEior ARB 8 0 0.031
Only ACEior ARB 4 1 -
Only cyclosporine 0 0 0.777
Cyclosporine + ACEior ARB 1 0 0.604
Histopatology

No biopsy 10 5

MDC 5 0

FSGS 4 1

Membranous nephropathy 2 1

Mesangial glomerulopathy 2 1

Values are expressed as mean and standard deviation. Sex, medications and renal histopathology

in use are expressed as absolute values. TGlomerular filtration rate was estimated using modified

Schwartz's formula. Abbreviations: BMI = body mass index; ACEi = inhibitor of the angiotensin

converting enzyme; ARB = angiotensin receptor type 1 blocker; MDC = minimal change disease;

FSGS = focal segmental glomerulosclerosis.



68

RAS components analyses

In comparison to healthy controls, INS patients presented increased urinary levels of Ang II,
Ang-(1-7) and ACE (P<0.05 for all comparisons, Figure 1). On the other hand, urinary levels
of ACE2 were significantly lower in INS patients than in controls (P<0.0003, Figure 1).
Correlations were evaluated between RAS components and proteinuria. In INS patients, urinary
levels of ACE2 were negatively correlated with 24-urine protein excretion (rho=—0.508,
P=0.005). Furthermore, INS patients with proteinuria had significantly lower levels of ACE2
in urine than INS patients without proteinuria (P=0.02, Table 4).

Regarding other RAS components [Ang Il, ACE and Ang-(1-7)], there were no correlations
with 24-urine protein excretion. Accordingly, no differences were found in the comparison of

these molecules in INS patients without proteinuria versus those with proteinuria (Table 4).

Table 4 - Urinary levels of RAS components in idiopathic nephrotic syndrome patients without

proteinuria (< 150 mg/dL/day) and with proteinuria (> 150 mg/dL/day).

RAS components Without proteinuria With proteinuria p values
(n=15) (n=16)
AngII (pg/ml) 16.4 +8.4 14.7+£8.0 0.570
ACE (pg/ml) 98.4 +50.0 1729 +162.2 0.247
Ang-(1-7) (pg/ml) 17.5+7.5 16.0 + 6.8 0.662
ACE2 (pg/ml) 13.5+10.7 29+52 0.023

Values are expressed as mean + standard deviation. Ang Il = angiotensin 11; ACE = angiotensin

converting enzyme; Ang-(1-7) = angiotensin-(1-7); ACE2 = angiotensin converting enzyme 2.
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Figure 1. Levels of RAS components in urine samples of patients with INS and healthy sex and age-matched subjects (controls)

Patients with INS presented increased urinary levels of angiotensin (Ang) Il, angiotensin-converting enzyme (ACE) and Ang-(1-7) in comparison with
controls. On the other hand, ACE2 levels were lower in INS patients than in controls. Results are expressed as bar graphs with mean values and SEM.
Differences were considered to be significant at P<0.05 (Mann-Whitney U test). Chemokines and cytokines analyses.
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As shown in Figure 2, urinary concentrations of MCP-1/CCL2 were significantly higher
in INS patients when compared with the control group (P=0.015). However, urinary
levels of other chemokines (IP-10/CXCL-10, MIG/CXCL9, RANTES/CCLS5, IL-
8/CCCL8) and of cytokines (IL-12p70, TNF, IL-10, IL-6, IL-1B, IFN) did not
significantly differ in the comparison of INS patients and healthy controls.

We also investigated the relation between urinary levels of chemokines and cytokines
with 24-h urine protein excretion. Urinary levels of IP-10/CXCL-10 were positively
correlated with 24-h urine protein excretion in INS patients (rho=0.3882, P=0.037). No
correlations were found between 24-h urine protein excretion with other chemokines and

cytokines.
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Figure 2. Urinary levels of MCP-1/CCL2 in patients with primary
nephrotic syndrome (INS) and in healthy sex and age-matched subjects
(controls). Patients with INS had increased urinary levels of MCP-1/CCL2.
Results are expressed as bar graphs with mean values and SEM. Differences
are considered to be significant at P<0.05 (Mann—Whitney U test). MCP-
1/CCL2 = monocyte chemoattractant protein-1.

Correlations between RAS components and immune system molecules in INS
patients

Urinary levels of chemokines and cytokines were also checked for correlations with RAS
molecules in the same urine samples. In INS patients, levels of Ang Il positively
correlated with MCP-1/CCL2 levels (rho=0.424, P=0.017). On the other hand, as shown
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in Figure 3, Ang-(1-7) levels negatively correlated with MCP-1/CCL2 (rtho=—0.485,
P=0.006, Figure 3 — panel superior) and MIG (rho=—0.379, P=0.035, Figure 3 — panel
intermediate) and ACE2 levels were negatively correlated with [1P-10/CXCL-10
(tho=—0.420, P=0.018, Figure 3 — panel inferior). No correlations were found between

cytokines and RAS molecules.

1500+
§' 1000+
-~
£ 5004
=2
o Y T T IL_"
5 10 15 20 25 30
Urinary Ang (1-7)
700+ -
6004
500+
g wd
3004 >
g 2004
- 1004
04
100 T T L T \J
5 10 15 20 25 30
Urinary Ang (1-7)
3000+
2500+ @
o 20004
B 15004
51000-
s
= 5004 N 2 S
04 ---me. - - 2 "
-500 v v v v v.ii-.v‘“ v L)
-5 0 L) 10 15 20 25 30 %
Urinary ACE2

Figure 3. Correlations between RAS molecules and chemokines

Panel superior shows a negative correlation between urinary levels of Ang-(1-7) and
urinary levels of MCP-1/CCL2 (rho=—0.485, P=0.006, Spearman correlation test). Panel
intermediate displays a negative correlation between urinary levels of Ang-(1-7) and
urinary levels of and MIG (tho=—0.379, P=0.035, Spearman correlation test). Panel
inferior shows a negative correlation between urinary levels of ACE2 and urinary levels
of IP-10/CXCL-10 (rho=—0.420, P=0.018, Spearman correlation test).
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Effect of RAS inhibition on RAS components, proteinuria and immune system
molecules

As shown in Table 3, 16 patients were receiving ACE inhibitors or ARBs at the time of
urine collection. No differences were detected in urine levels of RAS molecules and in
proteinuria when INS patients receiving RAS inhibitors were compared with those not
receiving these medications. The same profile was not observed when inflammatory
molecules were analyzed. INS patients receiving ACE inhibitors or ARBs had
significantly higher urinary levels of 1P-10/CXCL-10 and of IL-10 in comparison to
patients not under RAS inhibition (Table 5).

Table 5 - Urinary levels of inflammatory molecules in patients with idiophatic nephrotic
syndrome subdivided according to the use or not of medications that directly interfere
with RAS: Angiotensin: ACEiand ARB.

Inflammatory Use ACEiand/or ARB No use ACEiand/or ARB P values
molecules m=16/11) (n=15/20)

IP-10 pg/ml 134.8 £ 506.9 98.0 +£448.1 0.008
MCP-1 pg/ml 454.8 + 406.9 416.3 +£384.5 0.675
MIG pg/ml 83.7 £ 158.6 55.3+134.6 0.115
IL-8 pg/ml 26.7+71.3 23.2+64.6 0.187
IL-12p70 pg/ml 9.6+9.0 6.7+8.3 0.083
TNF pg/ml 10.6 £10.3 74+93 0.095
IL-10 pg/ml 7.0+£6.7 4.6=x6.1 0.042
IL-6 pg/ml 12.1£9.7 93+9.5 0.056
IL-1p pg/ml 26.1 £22.6 18.4 + 20.1 0.219

Values are expressed as mean * standard deviation.

Effectof steroids administration on RAS components and immune system molecules
INS patients were also subdivided in regard to the use or not of steroids at the time of
urinary measurements of RAS components, cytokines and chemokines. Urinary levels of
ACE2 were significantly lower in patients under steroid therapy in comparison to those
not receiving this medication (3.6+4.7 pg/ml versus 15.2+9.3 pg/ml, P=0.033). However,
urinary levels of ACE, Ang Il and Ang-(1-7) did not significantly differ in these
subgroups. Inregard to cytokines and chemokines, patients receiving steroids had higher
urinary levels of IP-10/CXCL-10 (128.6£81.5 pg/ml versus 95.7+125.7 pg/ml, P=0.016)



73

than those not under this treatment at the time of urine sampling. Other molecules did not

significantly differ in these subgroups.

Discussion

INS patients in complete or partial remission had significantly higher levels of ACE, Ang
Il and Ang-(1-7) in urine, while urinary concentrations of ACE2 were significantly lower
than in healthy controls. In addition, ACE2 levels were significantly reduced in INS
patients with proteinuria in comparison to those without proteinuria and urinary
concentrations of this enzyme negatively correlated with 24-h urinary protein excretion.

Acquired or genetic deficiency of ACE2 exacerbated kidney injury and proteinuria in
many experimental models of renal diseases, possibly facilitating the deleterious effects
of Ang Il [22-27]. Renal expression of ACE2 was reduced in renal cortex of mice
submitted to 5/6 nephrectomy and in a rat model of renal ischemia/reperfusion [27,28].
Inamodel of unilateral ureteral obstruction, the deletion of ACE2 gene resulted in a four-
fold increase in the ratio of intrarenal Ang 11/Ang-(1-7) and these changes were associated
with tubulointerstitial fibrosis and high levels of TNF, IL-1p and MCP-1 [29].
Accordingly, we found that urinary concentrations of Ang 11 were elevated in INS patients
when compared with healthy controls and were positively correlated with urinary levels
of MCP-1. More recently, the daily administration of ethanol to pregnant rats resulted in
glomerulosclerosis and interstitial fibrosis of the kidneys of adult offspring, accompanied
by elevated levels of serum creatinine, proteinuria, total cholesterol and reduced
concentrations of serum albumin [10]. These renal alterations compatible to NS were
associated with increased serum levels of Ang I, high gene expression of ACE in renal
tissue and reduced expression of ACE2 and of Mas receptor in the kidneys [10]. Taken
together, these experimental studies indicate that the deficiency of ACE2promotes renal
tissue lesion.

Most data regarding RAS components are obtained in experimental models. Few data
from human samples corroborate our findings. Mizuiri et al. [30] showed that renal
biopsies from patients with 1gA nephropathy had significantly reduced glomerular and
tubulointerstitial immunostaining for ACE2 when compared with healthy controls, while
glomerular ACE staining was increased. These findings raise the possibility that an
upward shift in the intrarenal ACE/ACEZ2ratio favoring increased synthesis of Ang Il and
reduction in Ang-(1-7) might lead to progressive nephron loss in this condition [30]. Our
research group recently detected lower urinary levels of ACE2 in children with sickle cell

anemia (SCA) presenting persistent proteinuria in comparison to SCA patients with
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normal albumin excretion in urine, also suggesting a role of reduced ACE2 protein in
renal tissue in the emergence of proteinuria and nephropathy [31].

Another interesting finding of the present study was the elevation of Ang-(1-7) levels in
urine of INS patients in comparison to controls. Experimental models of renal diseases
showed a protective role for Ang-(1-7) [8,29,32—38]. In an experimental model of NS,
the adriamycin-induced nephropathy, oral administration of AVE 0991, a Mas receptor
agonist, improved renal function, reduced proteinuria and attenuated histological changes
[8]. AVE 0991 or Ang-(1-7) administration also exerted renoprotective effects in
experimental acute renal injury [35] and in chronic intermittent hypoxia [38]. These
effects seem to be mediated, at least in part, by reducing inflammation, oxidative stress
and fibrosis [38]. The infusion of Ang-(1-7) also prevented renal lesion in a model of
unilateral ureteral obstruction by suppressing renal apoptosis, fibrosis, and possibly AT1
receptor expression [29]. On the other hand, Ang-(1-7) administration increased ACE2
expression [29]. We may speculate that the increase in urinary levels of Ang-(1-7) would
be a compensatory response to renal damage elicited by the activation of ACE-Ang Il-
ATL1 receptor axis in INS patients. A similar counter-regulatory response was reported in
urine of fetuses with posterior urethral valves [39]. The urine of these fetuses showed
intense increase in several cytokines and chemokines [40] and these changes may be
opposed by a compensatory activation of ACE2-Ang-(1-7)-Mas receptor axis [39].
Another possible explanation for urinary elevation of Ang-(1-7) could be a dysfunction
or reduced expression of Mas receptor at kidney tissue. Accordingly, Ng et al. [41]
reported that Mas receptor expression is reduced in the kidneys of CKD rats.

In INS patients, inflammatory molecules may also contribute to disease activity and to
RAS molecules changes. Urinary concentrations of MCP-1/CCL2 were significantly
higher in INS patients when compared with control group, whereas levels of IP-
10/CXCL-10 in urine were positively correlated with 24-hour proteinuria. Accordingly,
Vianna and co-workers [42] previously found higher urinary levels of MCP-1/CCL2 in
patients with CKD due to focal segmental glomerulosclerosis than in cases of congenital
uropathies. More recently, Matsumoto and co-workers [9] showed that urinary level of
MCP-1/CCL2 was significantly higher in steroid resistant INS than in steroid sensitive
patients, supporting the idea that urinary MCP-1/CCL2 might contribute to the
recruitment of macrophages into glomeruli. Remarkably, we found that urinary
concentrations of Ang-(1-7) were negatively correlated with MCP-1/CCL2, whereas
ACE2 levels negatively correlated with IP-10/CXCL-10. Therefore, we believe that Ang-
(1-7) may oppose the glomerular damage induced by MCP-1/CCL2 attracted
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macrophages. In turn, the reduced expression of ACE2 might result in altered release of
IP-10/CXCL-10 in renal tissue, which affected glomerular permeability leading to
proteinuria. To corroborate this hypothesis, Han et al. [43] previously reported that rats
submitted to puromycin-induced nephropathy and to anti-nephrin antibody-induced
nephropathy when treated with anti-IP-10/CXCL-10 function-blocking antibody
displayed a decrease in the protein level of slit-diaphragm components and exacerbated
proteinuria [43]. The authors also showed that the expression of CXCR3 increases in the
injured podocyte in parallel with that of IP-10/CXCL-10, suggesting that IP-10 binds to
CXCR3 in podocytes. The final conclusion is that 1P-10/CXCL-10 may become a
possible therapeutic target candidate in podocyte injury [43].

ACE inhibitors and ARBs exert renoprotective effects in glomerular diseases, mostly by
reducing proteinuria [44]. However, scarce studies have investigated the effects of these
medications in pediatric patients with INS [6,7]. It has also been suggested that the
beneficial effects of these medications may be due, at least in part, to an activation of
ACE2/Ang-(1-7)/Mas axis [45-47]. However, we did not find changes in urine
concentrations of RAS components in INS patients receiving ACE inhibitors or ARBs.
On the other hand, patients under treatment had higher levels of IP-10/CXCL-10and IL-
10. We did not know if changes in these cytokines are a consequence of the treatment or,
alternatively, if increased levels of these molecules are related to INS itself. As already
mentioned, experimental data support a role for 1P-10/CXCL-10 in slit-diaphragm
function [43], which might be altered in patients with more intense proteinuria. In turn,
IL-10is considered an anti-inflammatory cytokine, which may contribute to the beneficial
effects of RAS blockers [48].

Our study has some limitations. First, the cross-sectional design precludes any conclusion
regarding the cause of molecular changes. We probably would have obtained more
conclusive results with longitudinal urine collections. Secondly, the use of
immunosuppressive medications and/or RAS blockers at the time of urine collection may
interfere with molecular measurements. Thirdly, we did not investigate the expression of
Mas and ATL1 receptors in renal tissue of INS patients. Fourthly, we did not use the
traditional method, the radioimmunoassay, to measure RAS components. On the other
hand, the inclusion of only relatively well controlled INS patients, exhibiting partial or
total remission of the proteinuria, may increase the homogeneity of our sample and the
results may represent more accurately changes related to disease itself rather than acute
alterations due to relapses. Moreover, the utilization of a well-established protocol for

molecular measurements may increase the strength of our findings [31,39,40].
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In conclusion, our results support that ACE2 may exert renoprotective effects.
Accordingly, genetic deficiency of ACE2activity in mice fosters oxidative stress via AT1
dependent effect in the kidney [49]. In addition, daily treatment with recombinant ACE2
ameliorated renal fibrosis in apolipoprotein E-deficient mice via augmentation of Ang-
(1-7)/Ang Il ratio [50]. Taken together, studies indicated that the reduction in ACE2 levels

at renal tissue might play a role in proteinuria and renal damage in glomerular diseases.

Clinical perspectives
In view of the advances of INS in the last years in the pediatric population and the lack
of knowledge on pathophysiological mechanisms, different hypotheses have been
suggested. There is evidence that RAS molecules and changes in inflammatory and
cytokine expression are closely involved in the mechanisms of renal injury progression.
e ACE2 levels were significantly reduced in INS patients with proteinuria in
comparison tothose without proteinuria and urinary concentrations of this enzyme
negatively correlated with 24-h urinary protein excretion.
e The chemokines MCP-1/CCL2 and IP-10/CXCL-10 may also contribute to
proteinuria and to changes in RAS molecules in INS patients.
e The understanding on the interactions between RAS and immunoinflammatory

molecules enables new strategies for diagnosis and therapeutic approach.
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ABSTRACT

Background: Dyslipidemia in patients with idiopathic nephrotic syndrome (INS) can
alter the production of adipokines and hormones and may lead to endothelial disfunction.
This study aimed to assess adipokines, peptide hormones and endothelial markers at
different stages of INS and define whether these molecules were associated with clinical
and laboratorial data.

Methods: This cross-sectional study included thirty-three patients ranging from 2 to 19
years with INS in complete or partial remission and twenty-nine healthy sex- and age-
matched subjects. We evaluated plasma and urinary levels of adiponectin, leptin, resistin,
ghrelin, active GLP, GIP, PAI-1, and sVCAM-1, and their relation with clinical and
laboratory parameters.

Results: INS patients showed lower urinary levels of adiponectin (p=0.022) and PAI-1
(p=0.043). Conversely, there was an increase resistin and decrease ghrelin, in plasma,
compared to controls, in partial (p=0.012 and p=0.0003, respectively) and complete
(p=0.002 and p=0.0001, respectively) remitted patients. Likewise, urinary leptin levels
(p=0.004) and plasma GLP-1 (p=0.011) levels were significantly higher in patients with
partial remission. In INS patients, plasma adiponectin was positively correlated with
glomerular filtration rate (GFR) (p=0.023) and negatively with albumin (p=0.033) in
complete remission state. Plasma ghrelin correlated positively with GFR in the partial
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remission phase (p=0.041). The same was observed for urinary sSVCAM-1 in complete
remission (p=0.030).

Conclusion: INS patients exhibited changes in adipokines, peptide hormones and
endothelial disfunction markers, suggesting their role in the pathophysiology of the
disease.

Keywords: Biomarkers, Adipokines, Peptide Hormones, Pediatric, Nephrotic Syndrome

INTRODUCTION

The idiopathic nephrotic syndrome (INS) is one of the most common glomerulopathy in
the pediatric population with an incidence rate that varies from 1.15 to 16.9/100,000
children depending on nationality and ethnicity [1,2]. INS is associated with loss or
altered function of the podocytes, resulting in highly increased permeability of glomerular
filtration barrier to plasma protein, which leads to severe proteinuria, hypoalbuminemia,
and edema [3].

Among the various proteins lost in the urine in INS stands out key transport proteins such
as apolipoproteins and albumin, which carries free cholesterol [3]. This triggers a
compensatory increased synthesis of cholesterol, triglycerides and proteins related to
triglyceride metabolism, resulting in hypercholesterolemia and hypertriglyceridemia [4].
Furthermore, in INS patients, there is an acquired lecithin-cholesteryl acyltransferase
(LCAT) deficiency dueto urinary losses, preventing the normal development of HDL [5].
The activity of lipoprotein lipase, which is produced by the adipose tissue, was also
decreased. The lipoprotein lipase normally facilitates the maturation of LDL from VVLDL.
As a consequence of its decreased activity, there is an excess of LDL, which worsens the
dyslipidemia. The magnitude of dyslipidemia in INS is directly associated with the
severity of proteinuria [6]. Hence, children with relapsed INS have marked dyslipidemia
that might increase the risk for future cardiovascular complications. However,
longitudinal studies with adults who had INS during childhood are still lacking.

Despite the large number of metabolic changes caused by INS, little is known about the
role of the adipose tissue in the pathophysiology of the disease. Since the adipose tissue
is directly affected by the dyslipidemia state, it is reasonable to consider that hormonal
regulatory mechanisms are aggravated in the context of INS [7]. Plasma levels of
adipokines, including adiponectin [7], leptin [8,9] and ghrelin [8], were found
significantly altered in patients with INS. However, other hormones that regulate the
energy metabolism, in particular glucagon-like peptide-1 (GLP-1) and gastric inhibitory

polypeptide (GIP) were not measures in INS.
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Moreover, dyslipidemia has the potential to cause endothelial damage. The exposure of
endothelial cells to oxidized LDL in vitro releases vascular cell adhesion molecule
(VCAM), which is considered a marker of endothelial cell injury [10]. Concurrently, the
conversion of endothelial cell to procoagulant phenotype, as seen in patients with INS,
may lead toupregulation of other endothelial adhesion molecules [11], including VCAM-
1. Nonetheless, plasma or urinary levels of VCAM-1 were not still evaluated in patients
with INS.

In this regard, the aim of the present study was to measure urinary and plasma
concentrations of adipokines, energy metabolism hormones, sVCAM-1, and plasminogen
activator inhibitor-1 (PAI-1) in pediatric patients with INS and to compare with values
obtained in healthy children, age and gender matched. In addition, we also evaluated the

associations between these molecules, clinical and laboratory findings of INS patients.

METHODS

This is a cross-sectional study with a sample of children and adolescents with remitted
and partially remitted INS, followed-up at the Pediatric Nephrology Unit (PNU) of our
institution from 2017 to 2019. Our PNU has attended approximately 300 children with
nephrotic syndrome, according to a systematic protocol thatincludes definition of disease
etiology, assessment of clinical course and laboratory alterations, institution of treatment
protocols and indication of kidney biopsy based on clinical (corticosteroid
unresponsiveness) and laboratory findings as detailed elsewhere [12]. The diagnostic
criteria. for INS were based on the KDIGO Clinical Practice Guideline for
Glomerulonephritis (2012) [13].

Patients with INS

Thirty-three patients ranging from 2 to 19 years with INS in complete or partial remission
were included in the study. The inclusion criteria were still-preserved kidney function,
well-established diagnosis of INS and complete or partial remission of the disease. After
parents’ consent, urine samples were collected simultaneously to routine laboratory
exams. Exclusion criteria were congenital nephrotic syndrome, secondary forms of
nephrotic syndrome, INS patients at stages 2-5 of chronic kidney disease, INS patients
during clinical and laboratory relapses and the presence of acute infections and allergies

at the moment of urine collection.
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Control Group

The control group consisted of 29 healthy sex- and age-matched subjects from the
Pediatric Primary Care Center. Healthy status was determined through the subjects’
medical history and either a parental report or self-report to rule out the presence of

chronic or acute diseases.

Ethical aspects

The Ethics Committee of our institution approved the present study under the protocol
CAAE-07513513.9.0000.5149. Informed consent was obtained from the parents of all
included subjects. The research protocol did not interfere with any medical
recommendations or prescriptions. The follow-up of the INS patients and healthy controls

was guaranteed even in cases of refusal to participate in the study.

Study protocol

The present study included only patients presenting complete or partial remission of INS.
Patients with 24-h urine protein excretion above or equal to 150 mg/dl but bellow 1000
mg/dL and the absence of edema were considered in partial remission. Patients with 24-
h urine protein excretion below 150 mg/dl and absence of edema were considered in
complete remission. Patients exhibiting relapses of edema and intense proteinuria were
excluded. The established reference for proteinuria was based on the KDIGO (KDIGO,
2012). Clinical characteristics and casual measurements were obtained at the same time
of plasma and urine collection. Clinical variables were age, gender, height, weight, body
mass index, and systolic and diastolic blood pressure. In INS patients, serum levels of
creatinine, albumin, cholesterol, and triglycerides were assessed at the same time of
plasma and urine collection obtained for the measurements of energy metabolism
hormones and markers of endothelial function. Urinary determinations of creatinine and
of 24-h protein excretion were also performed simultaneously to other measurements.
Glomerular filtration rate (GFR) was estimated using the modified formula of Schwartz
et al. [14]. Kidney biopsy results and medications in use at the time of blood and urine
sampling were also analyzed.

INS patients were also analyzed regarding the use or not of medications that could
potentially alter energy metabolism hormones and markers of endothelial function levels,

including ACE inhibitors and/or ARBs and to the use or not of steroids.
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Urine samples
Urine specimens for the measurement of biomarkers were collected into sterile dry tubes.
After homogenization, 15 ml of the collected urine were centrifuged at 20 °C for 5 min

and aliquoted into 1 ml tubes and stored at —80°C until the measurements.

Plasma samples
Peripheral blood samples were collected in vacuum tubes with heparin, centrifuged twice
at 3000 rpm for 10 minutes at 4 °C. Plasma samples were then obtained and stored at -80

°C until further processing.

Quantification of markers and sVCAM- 1 by immunoassay

Following the manufacturer’s protocols, the plasma and urine levels of adiponectin,
leptin, resistin, ghrelin, GLP-1, GIP, PAI-1 were measured by a Milliplex/Luminex
XMAP® platform (Millipore Corporation, MA, USA).

Briefly, capture microspheres coated with specific monoclonal antibodies for each
molecule were added to the wells, along with standards, plasma and urine samples. After
incubation and washing, a mixture of secondary biotinylated antibodies was added. Then,
streptavidin conjugated to the fluorescent protein was incubated for a brief period. After
washing, the supernatant was discarded and the precipitate containing the microspheres
was resuspended in a buffer solution. The standards and samples were acquired in the
MAGPIX® microsphere analyzer (Luminex Corporation, Texas, USA) and the results
were analyzed using the Milliplex Analyst program (MilliporeSigma) and represented in
pg/ml.

All measurements were performed in single assays to avoid interassay variations. Our
intra-assay variation was below 3%. The minimum detectable concentrations for each
molecule were: 13 pg/ml for ghrelin; 41 pg/ml for leptin; 11 pg/ml for adiponectin; 2.2
pg/ml for resistin; 1.2 pg/ml for GLP-1; 0.6 pg/ml for GIP and 4.1 pg/ml for PAI-1.
Urine and plasma levels of sSVCAM-1 were also measured by enzyme immunoassay
(ELISA), according to procedures supplied by the manufacturer (R&D Systems,
Minneapolis, USA). All kits applied sandwich ELISA technique. All molecular
assessments were performed blinded regarding clinical diagnosis. All measurements were
performed in a single assay to avoid interassay variations. Our intra-assay variation was

below 5% and the minimum detection limit was 1.26 ng/mL ng/ml.
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Statistical analysis

The software SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 8.0
(GraphPad Software, Inc., La Jolla, CA, USA) were used for statistical analysis. The
results obtained were expressed as means and standard error of mean (SEM), medians
and interquartile range or percentages, when appropriate. Categorical variables were
compared by Qui-square. The Shapiro-Wilk test checked Gaussian distribution. For
variables without Gaussian distribution, Mann—Whitney test was used to compare two
groups and Kruskal-Wallis test for comparisons between more than two groups. For
variables with normal distribution, comparisons between two groups were made by
unpaired Student’st test and for more than two groups by analysis of variance followed
by Bartlett's post-test. Pearson or Spearman tests were adopted to evaluate correlations
according to the variables’ distribution. All statistical tests were two-tailed with a

significance level of p < 0.05.

RESULTS

Subject characteristics and casual measurements

Table 1 shows clinical and laboratory findings of INS patients and healthy controls. The
control group (n=29) included 18 boys and 11 girls, ranging from 9 to 19 years old. The
clinical and laboratory parameters of all controls were within normal range (Table 1). The
comparison between INS patients (n=33), separated according to disease stage in partial
(n=17) and complete remission (n=16), and controls did not show statistical differences
regarding age, sex distribution, body mass index, systolic blood pressure (SBP), diastolic
blood pressure (DBP), plasma levels of triglycerides, cholesterol, HDL-c, LDL-c,
creatinine, and albumin (p>0.05 for all comparisons, Table 1).

The values of proteinuria were significantly higher in INS patientsthan in healthy controls
as expected and of GFR were decreased (Table 1). Regarding histopathology, 12 (36.4%)
patients were not submitted to kidney biopsy, 5 (15.2%) presented focal segmental
glomerulosclerosis, 8 (24.2%) had minimal change disease, 5 (15.2%) exhibited
mesangial glomerulopathy, and 3 (9.0%) membranous glomerulopathy.

At the time of blood and urine collections, among 33 INS patients, 12 (36.4%) were not
receiving ACE inhibitors and/or ARBSs, 24 (72.7%) were receiving steroidsand 9 (27.3%)
cyclosporine, both isolated or in association with inhibitors of the RAS. Based on WHO
criteria (SISVAN), the nutritional diagnosis (score, BMI-age) of SNI patients subdivided
by phases of remission showed that 20 patients were eutrophic, being 10 in partial

remission and the other 10 in complete remission; 7 had overweight (3 patients with
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partial remission and 4 with total remission); and 6 were classified as obese individuals

(3 patients from each subgroup).
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Table 1. Clinical and laboratorial findings of patients with idiopathic nephrotic syndrome and healthy controls

matched by sex and age.

Patients
Parameters Pa'rti'al Complgte All patients Controls
Remlssmn Rem|_53|on (n = 33) (n = 29) P values*
(n=17) (n=16)
Age (years) 122+54 11429 11.8+43 131+26 0.39
Sex (male/female) 11/6 11/5 22/11 18/11 0.79
BMI (kg/m2) 194142 18.6£2.9 19.0+3.6 179+11 034
SBP (mmHg) 101.5+19.7 91.1+13.6 96.3+17.2 - -
DBP (mmHg) 66.2 £ 18.1 56.9+15.5 61.6+17.2 - -
Proteinuria (mg/m?2/24h) 1790.0 £ 5003.0 365.3 + 881.8 1077.0 £ 3607.0 <100 mg/dl <0.05
Creatinine (mg/dl) 0704 05+£0.1 0.6x£0.3 0.5+£0.07 0.30
Glomerular filtration ratet 105.1 + 34.9 1159+ 225 110.3 + 29.6 23.3+£12.2 0.032
Albumin (g/dl) 3.8+£0.6 39+0.38 3.8+0.7 - -
Triglycerides (mg/dl) (n=16) (n=16) (n=32)
153.9 + 109.0 105.4 £+ 56.6 129.7 £ 88.9 - -
Total cholesterol (mg/dl) (n=16) (n=16) (n=32)
1043 % 100.6 201.9 + 198.1 + 103.7 ] ]
109.8

HDL-c (mg/dl) (n=12) (n=16) (n=28)

56.2 +£13.1 542+ 155 55.1+14.3 - -
LDL-c (mg/dl) (n=12) (n=16) (n=28)

87.8 £58.0 128.0£99.4 110.8 £ 85.3 - -

Values are expressed as mean and standard deviation. Sex is expressed as absolute value. *Comparison between

the control group and the patients group using Student'st-test. +Glomerular filtration rate was estimated using

modified Schwartz’s formula. Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP,

diastolic blood pressure;

cholesterol.

HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein



Adipokines analyses

The comparison between the entire group of INS patients and healthy controls showed significant decrease in plasma (Figure 1a) and urinary
levels of adiponectin (Figure 1b). Conversely, there was an increase in plasma resistin levels, compared to controls in partial (Figure 1c) and

in complete (Figure 1d) remission subgroups. Urinary levels of leptin were significantly higher in partial remission than in healthy controls

(Figure 1le).
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Figure 1. Levels of adipokines in plasma and urine samples from
patients with primary nephrotic syndrome (INS) and controls.
Patients with INS presented decreased plasma(la) and urinary (1b) and
levels of adiponectin in remission partial and complete in comparison
with controls. Inturn, resistin levels were increased in the plasma of INS
patients than controls (1c, 1d). Urinary levels of leptin (le) were
significantly higher in partial remission than in healthy controls, Results
are expressed as bar graphs with mean values and standard error of the
mean (SEM). Differences were considered to be significant at p < 0.05
(Mann-Whitney U test).
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Table 2 showed correlations between adipokines and laboratory findings. In INS patients,
plasma adiponectin levels were positively correlated with GFR in complete and in
partially remitted patients (Table 2). On the other hand, plasma levels of adiponectin were
negatively correlated with aloumin concentrations in complete remission (Table 2). No

other correlation was found.

Table 2. Correlation between serum adiponectin and ghrelin levels and clinical parameters in patients with
idiopathic nephrotic syndrome with complete and partial remission.

Adiponectin (pg/ml) Ghrelin (pg/ml)
Parameters Complete Partial o Complete Partial o
o o Remission o o Remission
remission  remission remission  remission
Glomerular filtration ratet n=7 n==6 n=13 n=11 n==8 n=19
r 0.857 0.942 0.906 -0.591 0.748 0.007
p 0.023* 0.016* <0.0001* 0.059 0.041* 0.976
Albumin (g/dI) n==6 n=>5 n=11 n=10 n=7 n=17
r -0.885 -0.700 -0.754 0.466 -0.103 0.278
p 0.033* 0.233 0.009* 0.184 0.823 0.263

*p < 0,05. +Glomerular filtration rate was estimated using modified Schwartz’s formula.

Peptide hormones analyses

As shown in Figure 2, plasma levels of ghrelin in INS patients were significantly lower
in partial (Figure 2a) and in complete remission subgroup (Figure 2b) when compared to
the control group. Likewise, urinary levels of ghrelin were significantly decreased in
partially remitted patients in comparison to controls (Figure 2c). Incontrast, plasma GLP-
1 levels were significantly higher in INS patients with partial remission than in controls
(Figure 2d). However, urinary and plasma levels of GIP did not differin any comparisons.
Table 2 also showed the correlations between plasma and urinary levels of peptide
hormones with laboratory data. In INS patients, plasma levels of ghrelin correlated
positively with GFR in the partial remission subgroup (Table 2). No other correlations

were found.
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Figure 2. Levels of peptides hormones in plasma and urine samples from patients with primary
nephrotic syndrome (INS) and controls. Patients with INS presented decreased plasma (2a, 2b) and urinary
(2¢c) levels of ghrelin in comparison with controls. On the other hand, GLP-1 levels were increased in the
plasma of INS patients than controls (2d). Results are expressed as bar graphs with mean values and standard

error of the mean (SEM). Differences were considered to be significant at p < 0.05 (Mann—-Whitney U test).
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Markers of endothelial function

Urinary and plasma levels of sVCAM-1 did not differ in any comparison. On the other hand,
urinary levels of PAI-1 were lower in patients in partial (Figure 3a) and complete remission
(Figure 3b) when compared to healthy controls. The patients in partial remission tended to have
an increased, however not statistically significant, plasma concentration of PAI-1in comparison

with the control group.

3b
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Figure 3. Levels of PAI-1 in urine samples from patients with primary nephrotic
syndrome (INS) and controls. In INS patients in partial (Figure 3a) and complete remission
(Figure 3b) the urinary levels of PAI-1 were lower when compared to healthy controls. Results
are expressed as bar graphs with mean values and standard error of the mean (SEM).

Differences were considered to be significant at p < 0.05 (Mann—-Whitney U test)
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Table 3 shows the correlations between markers of endothelial function with the laboratory
findings of INS patients. Urinary levels of sVCAM-1 were positively correlated with GFR in

complete remission subgroup (Table 3). No other correlations were found.

Table 3. Correlation between urinary ghrelin and vascular cell adhesion molecule 1 (SVCAM-1) levels

and clinical parameters in patients with idiopathic nephrotic syndrome with complete and partial

remission.
Ghrelin (pg/ml) sVCAM-1 (pg/ml)
Parameters Complete  Partial o Complete Partial o
o o Remission o o Remission
remission  remission remission  remission
Glomerular filtration ratet n=16 n=17 n=31 n=16 n=17 n=32
r -0.027 -0.414 -0.375 0.547 0.416 0.348
p 0.922 0.098 0.037* 0.030* 0.097 0.050
Proteinuria (g/dl) n=16 n=15 n=30 n=16 n=15 n=32
r 0.391 -0.181 -0.234 -0.319 -0.517 -0.379
p 0.135 0.518 0.211 0.226 0.051 0.032*

*p < 0,05. ¥Glomerular filtration rate was estimated using modified Schwartz’s formula.

Body mass index classification and biomarkers

Figure 4 shows the comparison between patients’ nutritional diagnosis (score, BMI-age) in
regard to adipokines, peptide hormones markers of endothelial function. Plasma levels of leptin
were higher in INS patients with excess body weight, classified as overweight (p=0.007) and
obesity (p=0.006) (Figure 4a) when compared to eutrophic patients. However, higher levels of
ghrelin were detected inthe urine of patients with obesity (p=0.009) (Figure 4b) when compared
to eutrophic patients. No significant differences were detected in relation to the other markers

in regard to BMI classification.
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Figure 4. Comparison of adipokines and peptide hormones levels according to
patients' nutritional status. The plasma levels of leptin were higher in INS patients with
overweight (p=0.007) and obesity (p=0.006) (Figure 4a) when compared to eutrophic
patients. However, higher levels of ghrelin were detected in the urine of patients with

obesity (p = 0.009) (Figure 4b) when compared to eutrophic patients.

DISCUSSION

One of the main consequences of the INS podocytopathy is massive proteinuria, with loss of
cholesterol-carrying proteins and consequent compensatory increased synthesis of cholesterol
and triglycerides, resulting in dyslipidemia [15]. In response to the lipid imbalance and to the
massive protein loss, different organs activate several compensatory mechanisms. Among
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them, adipose tissue produces adipokines, which are proteins with endocrine, metabolic and
immunological actions. Regarding the pathophysiology of kidney diseases, some adipokines
have been described for their potential role, including adiponectin [16,17].

Our data point to a strong association of adiponectin and biochemical characteristics of INS.
In relapsed INS patients, plasma adiponectin levels were significantly lower and
independently related to proteinuria. These findings suggest a counter-regulatory action of
adipokine on the inflammatory and metabolic effects caused by proteinuria, as previously
described in the literature [18]. By inhibiting the expression of tumor necrosis factor-alpha
(TNF-a), adiponectin can reduce the expression of endothelial adhesion molecules and the
transformation of macrophage to foam cells [19]. By doing so, adiponectin decreases the
atherogenic effect of dyslipidemia, one of the deleterious proteinuria’s consequences. The
lower concentration of adiponectin among patients with INS and its relationship with
proteinuria suggest that the low plasma levels of adipokine may be one of the multiple factors
associated with dyslipidemia in this population. Another factor that may be related to the low
levels of this adipokine is corticosteroid therapy, since Agrawal et al. [20] suggested that the
use of corticosteroids is associated with lower levels of adiponectin in steroid-sensitive
nephrotic syndrome patients. In that sense, there is a possibility of the use of adiponectinas a
predictive marker of therapeutic response [20].

Another adipokine possibly associated with the pathophysiology of INS is resistin since the
INS children presented higher plasma levels during the relapse and remission states. Resistin,
unlike adiponectin, has proinflammatory effects[21], being increased in several studies with
CKD patients [22]. Although in the present study resistin did not show any correlation with
other laboratory data, other studies reported an important increase of this adipokine in line
with a decrease of GFR [23]. This difference is possibly due to the fact that most of our
patients had normal levels of GFR even whencompared to healthy controls and were clinically
stable.

As with the other above mentioned adipokines, the INS patients showed altered levels of
leptin. Patients with partial remission had significantly higher urinary levels of this adipokine
when compared to healthy controls, similarly to the results obtained by Wasilewska et al [24].
In patients with remnant proteinuria, the urinary excretion of leptin becomes even greater
[25,26] and may be influenced by the introduction of steroid therapy [9], resembling the
therapy’s effect on adiponectine levels. Therefore, leptin, as well as adiponectin and resistin,
may play an important role in the INS pathophysiology and may be influenced by the
treatment of the disease.
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Together with the change in adipokine concentrations, some peptide hormones seem to exert
a compensatory effect on the metabolic imbalance of INS. Among them, stands out ghrelin.
Ghrelin is a hormone that possesses GH-releasing, cardiovascular and metabolic activities.
For its biological activity, the acylation of the ghrelin is necessary, and it happens mainly in
the stomach and in the kidney [27]. Moreover, ghrelin receptor genes are expressed in human
kidney cells [28], indicating that this hormone performs endocrine and/or paracrine functions
in the kidney. Diseases that impair renal function may alter ghrelin actions. Such change in
ghrelin levels can be detected among patients with INS in our study, as they presented
significantly lower plasma and urinary levels of this hormone when compared to controls.
Another fact that corroborates the hypothesis of the relationship of this hormone with renal
function is the fact that there was a positive correlation of this molecule with GFR. However,
studies that investigate in depth how this hormone is related to INS are still lacking.

The change in peptide hormone levels in INS is not restricted to ghrelin. INS patients showed
higher levels of plasma GLP-1 when compared to healthy controls. This finding might reflect
a compensatory mechanism as a consequence of kidney inflammation, since one of GLP-1
actions is to modulate the inflammatory response in the kidneys [29]. By interacting with
GLP-1R, a transmembrane G protein-coupled receptor present in Kidney tissue, GLP-1 plays
different renoprotective actions, including the reduction of glomerular hypertrophy [29, 30].
Thus, high levels of GLP-1 in the context of INS may be an intrinsic attempt toward kidney
function preservation. Nevertheless, further studies are needed, as this is the first study that
evaluated plasma and urinary levels of GLP in patients with INS.

Alongside the hormonal changes detected in INS, the impairment of renal function and
consequent alterations in lipid and protein metabolism may lead to functional modifications
in endothelial cells. As stated before, dyslipidemia, one of the main features of the disease,
has the potential of causing endothelial dysfunction, which is an early phase of atherogenesis
[31]. Hence, the study of endothelial function markers in patients with INS is essential for a
better understanding of the disease and its long-term consequences. Accordingly, we

evaluated plasma and urinary levels of PAI-1and VCAM-1.
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Regarding PAI-1, INS patients showed lower urinary levels of this marker, while plasma
levels tended to be increased when compared to controls. This finding resembles the study of
Tkaczyk et al. [32], in which patients with NS showed higher plasma PAI-1 concentrations
when compared to healthy individuals. Despite this, the reason why there is a greater amount
of this marker in INS patients is not well understood, but it is likely that this finding occurs
due to a sum of different mechanisms associated with kidney and hormonal alterations. Since
the liver and adipose tissue are primary sources of plasma PAI-1 [33], the production of this
marker may be increased as a response of these organs to dyslipidemia. Another possibility is
endothelial damage secondary to dyslipidemia, which could lead to greater release of this
marker into the bloodstream [31]. Moreover, altered levels of PAI-1 may be related to the
affected kidney function, since PAI-1 gene expression is transcriptionally regulated by the
renin-angiotensin—aldosterone system (RAAS) [34]. This last hypothesis is especially
interesting, as previous studies have already showed altered levels of components of RAAS
in patients with INS [35].

Like PAI-1, VCAM-1 may play arole in the inflammatory process and kidney dysfunction of
INS. Nevertheless, data between INS and VCAM-1 patients are scarce and no study has
evaluated this molecule at different stages of the disease. Only one studied mentioned that, in
patients with focal segmental glomerulosclerosis (FSGS), even at complete remission, plasma
levels of sSVCAM-1 remained unchanged [36], similar to our results. Notwithstanding the
unchanged concentration of this marker, urinary levels of sVCAM-1 showed a positive
correlation with GFR in patients at complete remission. The reason behind this association is
still not understood.

Our study has several limitations. First, the cross-sectional design precludes any conclusion
regarding the cause of molecular changes. We probably would have obtained more conclusive
results with longitudinal urine collections. Secondly, the use of immunosuppressive
medications and/or RAS blockers at the time of urine collection may interfere with molecular
measurements. Onthe other hand, the inclusion of only relatively well controlled INS patients,
exhibiting partial or total remission of the proteinuria, may increase the homogeneity of our
sample and the results may represent more accurately changes related to disease itself rather
than acute alterations due to relapses.

Inconclusion, our findings suggest that adipokines, peptide hormones and endothelial markers
may take part in the pathophysiology of INS. Unfortunately, we still not known the
mechanisms related to these molecular changes. However, our data support a potential role of

these molecules as biomarkers of disease activity and response to treatment.
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8 CONCLUSOES GERAIS

Os pacientes com sindrome nefrética primaria em remissdo parcial ou total

apresentaram as seguintes alteracoes:

Aumento nas concentrag¢fes urinarias de Ang Il, Ang-(1-7) e ECA, e diminuicdo dos
niveis de ECA2 em relacdo ao grupo controle.

Aumento dos niveis urindrios da quimiocina MCP-1/CCL2 em comparagdo ao grupo
controle.

Aumento dos niveis plasméticos de resistina, GLP-1 e dos niveis urinarios de leptina e
grelina em relacéo ao grupo controle.

Diminuigdo nos niveis plasmaticos e urinarios de adiponectina, niveis plasmaticos de
grelina e niveis urinarios de PAI-1 em relacdo ao grupo controle.

Correlacdo negativa entre a excrecdo de proteinas na urina de 24 horas e 0s niveis
urinérios de ECAZ2.

Correlacdo positiva entre a excrecdo de proteinas na urina de 24 horas e 0s niveis
urinérios de de IP-10/CXCL-10.

Correlagdo negativa de MCP-1/CCL2 com Ang-(1-7), IP-10/CXCL-10 com ECA2e
MIG com Ang-(1-7).

CorrelacOes positivas entre adiponectina, grelina, SVCAM-1 e o0 RFG e negativa entre
adiponectina e albumina sérica.

Pacientes que receberam inibidores de ECA e/ou BRA apresentaram um aumento
significativo nos niveis urinarios de IP-10/CXCL-10e de IL-10.

Pacientes com sobrepeso/obesidade apresentaram aumento dos niveis plasmaticos de

leptina e dos niveis urinarios de grelina em comparacdo aos eutréficos.
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9 CONSIDERACOES FINAIS

Ressalta-se que a compreensao da fisiopatologia SN primaria sdo de suma importancia
pela possibilidade de progressdo para a DRC e pelo aumento do nimero de pacientes
corticorresistentes’2. Além disso, a SN representa um desafio para o sistema de salde, afeta
negativamente o crescimento e desenvolvimento de criancas e adolescentes e compromete
aspectos sociais e emocionais. Deste modo, ha varios fatores que necessitam ser investigados
que vao desde as complicacGes decorrentes da propria doenca a toxicidade do uso prolongado
de corticoides.

Os achados desse estudo fornecem evidéncias preliminares de que as citocinas,
guimiocinas, moléculas do SRA, adipocinas, horménios metabolicos e marcadores endoteliais
podem ter um papel na atividade da doenca e nas complicacGes relacionadas a SN primaria,
constituindo-se em potenciais alvos terapéuticos. Embora os mecanismos de alteracdo na
permeabilidade/seletividade da barreira de filtragdo glomerular e, consequentemente,
proteindria ainda ndo estejam bem definidos, hé indicios de uma importante atuacao do sistema
imunolégico e do SRA no desencadeamento e manutencdo da SN primaria®-’. A producéo
exacerbada de mediadores inflamatérios pode induzir alteragdes nos podacitos, ocasionando
um eventual aumento na permeabilidade da proteina®8-19 que provavelmente é atenuada pela
eficacia da terapia imunossupressora’ 911,

O potencial risco de evolugédo para a DRC nas doencas renais pode ser influenciado pelo
papel do SRA, cuja ativacdo da via classica pode desencadear uma cascata de eventos lesivos
com exacerbacdo da proteindria, inflamagéo e fibrose renal'2. Evidéncias clinicas em nosso
estudo e em alguns modelos experimentais apontam para uma interacdo entre os eixos do SRA
e a SN primaria®13-15, Além disso, o uso de iECA e/ou BRA, como terapia alternativa, exerce
efeitos renoprotetores ao controlar a proteindriat®-18. No entanto, poucos estudos investigaram
os efeitos renoprotetores dos inibidores do SRA em pacientes pediatricos com SN primarial®-
21_

A dislipidemia é uma complicacdo bem conhecida da SN em funcdo do metabolismo
lipidico alterado, que, por si s6, pode causar lesdo renal?!. E possivel que o desequilibrio lipidico
gerado principalmente pela perda exacerbada de proteinas na urina resulta na liberacdo de
adipocinas, horménios peptidicos e marcadores de funcdo endotelial. Os mecanismos
relacionados a esses biomarcadores e a SN ndo estéo claros e poucos dados estéo descritos na

literatura?2-27, No entanto, a investigacdo do papel dessas moléculas pode auxiliar na
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compreensdo dos efeitos metabolicos da dislipidemia, do ganho de peso e da corticoterapia
prolongada.

Nosso estudo possui limitagbes. Primeiramente, o desenho transversal do estudo ndo
permite estabelecer fatores de risco ou avaliar causalidade. Além disso, ndo foi possivel
avaliarmos mudancas dinamicas nas concentracdes dos biomarcadores investigados. Os
resultados poderiam fornecer informacgdes adicionais caso as coletas de amostras biol6gicas
fossem longitudinais. Em segundo lugar, as mensuracdes obtidas podem ter sofrido
interferéncia pelo uso de medicamentos imunossupressores e/ou bloqueadores de SRA. Em
terceiro lugar, ndo investigamos a expressdo dos biomarcadores ou seus respectivos receptores
no tecido renal. Em contrapartida, a avaliagdo dos pacientes com SN primaria em diferentes
estagios da doenca e os protocolos rigorosos de acompanhamento clinico e de medidas
laboratoriais ampliaram a forca de nossos achados, pois aumentaram a homogeneidade de nossa
amostra.

Dessa forma, embora ja tenhamos detectado potenciais biomarcadores na SN, sdo
necessarios estudos longitudinais para investigar mudangas dinamicas dessas moléculas

conforme a abordagem terapéutica, o estagio da doenca e suas complicaces.
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APENDICE

TERMODE CONSENTIMENTO LIVRE EESCLARECIDO
(responsavel legal)
“Interacao de marcadores de inflamacao com moléculas do Sistema Renina

Angiotensina na progressiao da Sindrome Nefrotica Primaria em pacientes pediatricos”

Por meio destetermo de consentimento, informamos que estamos desenvolvendo uma pesquisa
no Hospital das Clinicas da UFMG para estudarmos substancias do sangue, da urina chamadas
pelos médicos de angiotensinas, citocinas e quimiocinas. Estas substancias podem participar da
piora do funcionamento dos rins, 0 que pode ocorrer em criangas e adolescentes com doenca
renal cronica. Ja se sabe que essas substancias participam de uma série de doencas dos rins e

do coragdo e também devem participar da progressdo da doenca renal cronica.

Além disso, ja existem alguns medicamentos capazes de mudar a quantidade dessas substancias
gue aparecem na urina e no sangue, como, por exemplo, os corticéides, o captopril, o enalapril,
o losartan e outros remédios usados normalmente para tratamento de doengas inflamatdrias e
da pressdo alta. Alguns estudos acreditam que esses medicamentos podem melhorar alguns

pacientes com doenga renal porque diminuem essas substancias que queremos estudar.

Este estudo quer, entdo, saber a quantidade de angiotensinas, citocinas e quimiocinas que esta
no sangue e na urina das crianc¢as e dos adolescentes com doenca renal crénica, bem como nos
fragmentos de bidpsia, quando esta for indicada para o diagnostico da causa da doenca renal
cronica, tentando ver se isso tem relagdo com a forma da doenca (se € mais branda ou mais

forte), a resposta ao tratamento e a piora do funcionamento dos rins.

Os exames para determinagdo dessas substancias no sangue serdo coletados através de puncgéo
de veia periférica durante a mesma coleta que é feita para outros exames de rotina do paciente.
A dosagem dessas substancias na urina sera feita pegando uma parte da urina de 24 horas que
é colhida de rotina para medir a proteinuria dos pacientes com doenca renal cronica. Naqueles
pacientes submetidos a bidpsia renal ou do trato urinario por indicacdo médica, serdo
examinadas também as sobras do material colhido, apos o diagndstico do patologista. N&o serdo
colhidas amostras de tecido além daquela necessaria para o diagnostico patologico, bem como

de pacientes que ndo tenham indicacdo médica para procedimentos de bidpsia renal e/ou do
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trato urinario. Estamos garantindo que a realizacdo destes exames sO sera autorizada ap0s
assinatura deste termo de consentimento pdés-informado pelo paciente e por um de seus
responsaveis.

Ao assinar este formulério, vocé autoriza o Comité de Etica em Pesquisa da UFMG (telefone
34094592) de Belo Horizonte e outras autoridades regulamentadoras a consultar seus registros
medicos a fim de checar os dados coletados neste estudo com o que esta escrito nos registros.

Sua identidade nédo sera revelada e as leis regulando tais procedimentos serdo seguidas.

Este estudo seguira as diretrizes e normas regulamentadoras de pesquisa envolvendo seres

humanos — Resolugdo no 196/96 e 215/97 do Conselho Nacional de Saude.

Garantimos ainda que a identidade e a privacidade do paciente serdo mantidas. Os resultados
desse estudo somente serdo utilizados para aumentar os conhecimentos da medicina. Os
resultados dos pardmetros avaliados nas amostras do seu filho serdo informados ao final do
estudo por meio impresso. Finalmente, serd resguardado o direito de recusa em participar do
trabalho em qualquer etapa do mesmo, sabendo-se que o paciente continuard a receber o

acompanhamento médico convencional adequadoaidade, tendoassim garantida sua assisténcia

médica.
Eu, , mae, (ou pai ou responsavel) pelo
paciente entendi tudo

que foi explicado sobre a pesquisa e concordo que meu filho (ou minha filha ou outro grau de
parentesco) participe do estudo sobre a quantidade de angiotensinas, citocinas e quimiocinas

No Sangue € na urina.

Este estudo serd feito pelo Dr. Sérgio Veloso Brant Pinheiro (telefones 34099772 ou
88197208), Dra. Ana Cristina Simdes e Silva (telefone 34099772) e Dr. Eduardo Aradjo
Oliveira (telefone 34099772), do Hospital das Clinicas da UFMG, e pelo Dr. Marco Aurélio
Romano-Silva (telefone 34099785) e Dr. Robson Augusto Souza dos Santos (telefones
34092928), professores da UFMG. Dou meu consentimento para que seja coletado sangue e
urina de meu filho (minha filha ou outro grau de parentesco) para medir as quantidades de
angiotensinas, citocinas e quimiocinas. Confirmo que meu filho (minha filha ou outro grau de
parentesco) foi selecionado de forma voluntaria para participar dessa pesquisa. Eu assinei e

recebi uma copia dessa autorizagdo.
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ANEXOS

ANEXO 1 - PRODUGCOES TECNICAS E PARTICIPAGCAO EM EVENTOS - TEMA
RELACIONADO A TESE
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Introduction: Renin angiotensin system (RAS) plays a role in idiopathic nephrotic syn-
drome (INS). Most studies investigated only the classical RAS axis. Therefore, the aims of
the present study were to evaluate urinary levels of RAS molecules related to classical and
to counter-regulatory axes in pediatric patients with INS, to compare the measurements with
levels in healthy controls and to search for associations with inflammatory molecules,
proteinuria and disease treatment. Subjects and methods: This cross-sectional study in-
cluded 31 patients with INS and 19 healthy controls, matched for age and sex. Patients
and controls were submitted to urine collection for measurement of RAS molecules [Ang I,
Ang-(1-7), ACE and ACEZ2] by enzyme immunoassay and cytokines by Cytometric Bead Ar-
ray. Findings in INS patients were compared according to proteinuria: absent (<150 mg/dl, n

= 15) and present (2150 mg/dl, n = 16). Results: In comparison to controls, INS patients had
increased Ang Il, Ang-(1-7) and ACE, levels while ACE2 was reduced. INS patients with pro-
teinuria had lower levels of ACE2 than those without proteinuria. ACE2 levels were negatively
correlated with 24-h-proteinuria. Urinary concentrations of MCP-1/CCL2 were significantly
higher in INS patients, positively correlated with Ang Il and negatively with Ang-(1-7). ACE2
concentrations were negatively correlated with IP-10/CXCL-10 levels, which, in turn, were
positively correlated with 24-h-proteinuria. Conclusion: INS patients exhibited changes in
RAS molecules and in chemokines. Proteinuria was associated with low levels of ACE2 and
high levels of inflammatory molecules.

Introduction

The pathophysiological mechanisms of idiopathic nephrotic syndrome (INS) support
anunderlying role for the immune system [1,2]. This hypothesis relies on the fact that
the main treatment is based on corticosteroids and studies show different inflammatory
profiles in patientswith INS [3-6]. Experimentaland clinical studies also suggest that
renin angiotensin system (RAS) may play an important role on the pathogenesis of INS
[7-10].

RAS is classically described as a circulating system that leads to the production of
angiotensin 11 (Ang I1), which binds to angiotensin type 1 receptors (AT1), promoting
vasoconstriction, sodium retention, aldosterone release, inflammation and fibrosis [11].
However, RAS is now conceived asadual acting system, mainly formed by two opposite
axes[12-14]theclassicalone, including angiotensin convertingenzyme(ACE), Ang Il
and ATz receptor and the counter-regulatory axis formed by the enzyme homologue
to ACE, named ACE2 [15,16], the heptapeptide Angiotensin-(1-7) [Ang-(1-7)] and its
receptor, Mas[17].Ang-(1-7) is mainly produced by ACE2thatuses Ang 1l asthemajor
substrate [18]. Ang-(1-7) exerts its effects via Mas receptor activation, leading to
vasodilation, anti-inflammatory and anti-fibrogenic effects[12—14]. The unbalance
between both RAS axes is thought to have an active role in renal diseases [12].
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Experimental studies indicate that activation of the counter-regulatory RAS axis reduces renal inflammation,
fibrosis and proteinuria. Ina murine model of nephrotic syndrome (NS), the treatment with a Mas receptoragonist,
the compound AVE0991, reduced proteinuria, renal levels of TGF-beta and renal tissue damage [8]. On the other
hand, NS induced in Mas receptor knockout mice did not improved in response to the use of AT 1 receptor blocker
(ARB), suggesting thatthe presence of Mas receptor is critical for the therapeutic response to ARBs [8]. Despite clinical
studies showing beneficial effects of ACE inhibitors and ARBs [6,7], there are no studies evaluating the role of the
counter-regulatory RAS axis in INS patients, mostly in pediatric population. Therefore, the aims of the present study
were to evaluate urinary levels of RAS molecules [(ACE, ACE2, Ang Il and Ang-(1-7)] in pediatric patients with INS
and to compare with the same measurements in healthy sex-and age-matched children. In addition, measurements
of RAS molecules were correlated with proteinuria and with urinary levels of markers of inflammation in pediatric
patientswith INS.

Subjectsand methods

Study design

This is a cross-sectional study with a sample of children and adolescents with remitted and partially remitted INS,
followed-up atthe Pediatric Nephrology Unit (PNU) of our institution from 2017 to 2018. Our PNU has attended
approximately 300 children with nephrotic syndrome, accordingto a systematic protocol that includes definition of
disease etiology, assessmentofclinical course and laboratory alterations, institution of treatment protocols and indica-
tion of renal biopsy based onclinical (corticosteroid unresponsiveness) and laboratory findings as detailed elsewhere
[19]. The diagnostic criteria for INS were based on the KDIGO Clinical Practice Guideline for Glomerulonephritis
(2012) [20].

Patients with INS

Thirty-one patients ranging from 8 to 16 years with INS in total or partial remission were included in the study.
The inclusion criteria were still-preserved renalfunction, well-established diagnosis of INS and complete or partial
remission of the disease. After parents’ consent, urine samples were collected simultaneously to routine laboratory
exams. Exclusion criteria were congenital nephrotic syndrome, secondary forms of nephrotic syndrome, INS patients
atstages 2-5 of chronic kidney disease, INS patients during clinicaland laboratory relapsesand the presence of acute
infectionsand allergies atthe moment of urine collection.

Control group

The control group consisted of 19 healthy sex- and age-matched subjects from the Pediatric Primary Care Center.
Healthy status was determined through the subjects’ medicalhistory and either a parentalreport or self-report to
rule outthe presence of chronic or acute diseases.

Ethical aspects

The Ethics Committee of our institution approved the presentstudy underthe protocol CAAE-07513513.9.0000.5149.
Informed consentwas obtained from the parents of all included subjects. The research protocol did not interfere
with any medical recommendationsor prescriptions. The follow-up of the INS patientsand healthy controls was
guaranteed even in cases of refusalto participate in the study.

Study protocol

The present study included only patients presenting complete or partial remission of INS. Patients with 24 -h urine
protein excretion above orequalto 150 mg/dl and absence of edemawere considered in partial remission. Patients
with 24 h urine protein excretion below 150 mg/dland absence of edema were considered in complete remission. Pa-
tients exhibiting relapses of edema and intense proteinuria were excluded. The established reference for proteinuria
was based on the KDIGO [20]. Clinical characteristics and casual measurements were obtained atthe same time
ofurine collection. Clinical variables were age, gender, height, weight, body mass index, and systolic and diastolic blood
pressure. In INS patients, serum levels of creatinine, aloumin, cholesterol and triglycerides were assessed at the same
time of urine collection obtained for the measurementsof RAS molecules and immune mediators. Urinary deter-
minations of creatinine and of 24-h protein excretion were also performed simultaneously to other measurements.
Glomerular filtration rate (GFR) was estimated using the modified formula of Schwartz et al. [21]. Renal biopsy results
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and medications in use atthe time of urine samplingwere also analyzed.

Table 1 Clinical and laboratorial findings of patients with idiopathic nephrotic syndrome and healthy controls
matched by sex and age.

Parameters Patients (n = 31) Controls (m = 19) P values
Age {years) 113+ 48 11.9+1.8 0912
Sex [male f fomala) 19712 12/7 0.905
BMI kg'm?) 19.3+3.2 17.8+26 0.094
Creatinine (mg/dl) 06+ 0.2 08 +041 0.210
Trighycerides {mg/d]) 1144+ 706 - -
Total cholesterol {mgedn) 1886+ 459240 - -
Alburmin (g/dl) 40407 45+02

Glomerular fitiration rate’ 1092 + 288 119 +12 0.254
Proteinuria (mg/me/24 h) 304.2 + 3735 =100 mg/dl -
Medications in usa -
Mo medication 4 19 =0.007
Only steroids 2 - -
Sterids + ACEi or ARB 16 - -
COnly ACE or ARB 0 - -
Only cyclosporine 0 - -
Cyclosporine + ACE or ARB 2] - -
Histopathology

Mo biopsy 15 - -
MDD 5 - -
FEGES 5 - -
Mambranous neghropathy 3 - -
Masangial glomerulopathy 3 - -

Velues are expressad as mean and standard deviation. Sex, medications in use and renal histopathology are expressed as absolute values.
Glomerular filtration rate was estimatad using modified Schwartz's formula. Abbreviations: ACE, inhibitar of the angiotensin converiing enzyme; ARE,
angiotensin receptor type 1 blocker; BMI, body mass indey; FSGS, focal segmental glomerulosclerosis; MOC, minimal change dizease.

INS patients were subdivided according to the values of proteinuria, which ranged from 48 mg/dl to 1220 mg/dl.
Thereby, those with 24-h urinary protein excretion inferior to 150 mg/dl were allocated to the subgroup named

absence of proteinuria (n=15) and when proteinuria was equalto or above 150 mg/dl patients were included in
the subgroup called presence of proteinuria (n= 16).

INS patients were also analyzed in regard to the use ornot of medications that directly interfere with RAS as ACE
inhibitors and/or ARBs and to the use or not of steroids. Therefore, 16 patientsin use of ACE inhibitors and/ or
ARBs were compared with 15 patients not receiving these medications and 18 patients in use of steroids were
compared with 13 notunder treatment at the time of urine sampling.

Urine samples
Urine specimens forthe measurement of biomarkers were collected into sterile dry tubes. After homogenization,

15 ml of the collected urine were centrifuged at4°C for 5 min and aliquoted into 1 ml tubesand stored at 80°C
until the measurements.

Reninangiotensin system (RAS) components
Urine levels of RAS molecules [Ang II, Ang-(1-7), ACE and ACE2] were measured by enzyme immunoassay (ELISA),
according to procedures supplied by the manufacturer (MyBioSource, San Diego, CA, USA). All kits applied sandwich
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ELISA technique, except for ACE measurementwhose kit applied competitive ELISAmethod. The sensitivity of the
assayswas 1.0 pg/mlfor ACE and ACE2, 2.0 pg/ml for Ang Il and Ang-(1-7) and readingthe opticaldensity at 450
nm. All biochemicalassessmentswere performed blinded in regard to clinical diagnosis.

Cytokines and chemokines measurements
The urinary levels of multiple cytokines [interleukin (IL)-12p70, IL-6, IL-8, IL-10, IL-14,tumor necrosis factor (TNF)
and interferon gamma (IFN-y)] and chemokines [induced protein 10 (IP-10/CXCL-10), monocyte chemoattractant

Table 2 Clinical and laboratorial findings of patients with idiopathic nephrotic syndrome subdivided according
to 24-h urinary protein excretion: absence of proteinuria <150 mg/dl (without proteinuria) and presence of
proteinuria >150 mg/dl (with proteinuria)

Parameters Without proteinuria (n = 15) With proteinuria (n = 16) P values
Age [years) 106 +3.2 131 + 44 0.385
Sax (male / farmals) 10/5 TIT 0.078
EMI fkg/m?) 191+25 19.7 + 39 0.081
Craatinine {mg/dl) 053+ 010 0.0+ 0232 0162
Trighycarides {ma/dly 98.50+ 587 1327 + 871 0.205
Total cholesterc! {mgddl) 186.1 +107.8 186.4 + 783 0519
Alburnin (g/dl 41+ 076 39+05 0.2B5
Glomearular fitration rata” 1138 + 257 1021 +328 0.326
Proteinuria (mg/m?/24 h) B0.7T+ 254 5437 + 4344 <0.0001
Medicafions in usa
Cnly steroids 1 1 0.8589
Staroids + ACEi or AHB 4 10 0076
Cnly ACE or ARB 4] 0 0125
Only cyclosporing 4] 4] 0.506
Cyclosporine + ACE or ARB 5 4 0.806
Mo medications 5 1 0.083
Histopathology 0.535
Mo biopsy [ il
MO 4 1
FSES 2 3
Membranous nephropathy 1 2
Mesangial glbmerulopathy 2 1

Walues are expressed as mean and standard deviation. Sex, medications and renal histopathology in use are exprassad as absolute valuas.
*Glomerular filtration rate was estimated using modified Schwartz’s formula. Abbreviations: ACH, inhibitor of the angiotensin converting enzyme; ARB,
angiotensin receptor type 1 blocker; BMI, body mass index; FSGS, focal seamental glomerulosclerosis; MDC, minimal change disease.

protein-1 (MCP-1/CCL2), IL-8/CXCL8, monokine induced by gamma interferon (MIG/CXCLD9), reqgulated on acti-
vation normal T cell expressed and secreted (RANTES/CCL5)] were assessed simultaneously using a Human FlexSet
kit for Cytometric Bead Armay (CBA, BD Bioscience, San Jose, CA, USA), folowing manufacture’s instruction. The ac-
quisition was performed using an FACSCanto Il flow cytometer (BD Biosciences, San Jose, CA, USA). The instrument
hasbeen checked forsensitivity and overall performance with Cytometer Setup & Tracking beads (BD Biosciences)
prior to data acquisition. Quantitative results were generated using FCAP Amay v1.01 software (Soft Flow Inc., Pecs,
Hungary). Urinary levels of all these biomarkerswere expressed asconcentrations standardized forurine creatinine
and expressed as pictograms per milligram. Positive controls were also included in urine measurements of cytokines
and chemokinesto confirm the accuracy of the assays.

(©) 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 12
License 4.0 (CC BY).
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Statistical analysis

The softwares SPSS version 220 (SPSS Inc, Chicago, IL, USA) and GraphPad Prism 5.0 (GraphPad Software, Inc., La
Jolla, CA, USA) were used forstatistical analysis. The results obtained were expressed as means andstandard error of
mean (SEM), mediansand interquartile range or percentages, when appropriate. Categorical variables were compared
by Qui-square. Gaussian distribution was checked by Shapiro—Wilk test. Forvariables without Gaussian distribution,
Mann-Whitney test was used to compare two groups. For variables with normaldistribution, comparisons between
two groups were made by unpaired Student’s ttest. Spearman’s correlation analyses examined therelationship between
proteinuria, urinary levels of RAS componentsand measurements of inflammatory molecules in the same samples.
Al statistical tests were two-tailed with a significance level of P < 0.05.

Results

Subject characteristics and casual measurements
Clinical and laboratory findings of INS patientsand healthy controlsare shown in Table 1. The control group (n =19)
included 12 boysand7 girls, ranging from 9 to 15 yearsold. Allcontrols had clinicaland laboratory parameters within

Table 3 Clinical and laboratorial findings of patients with idiopathic nephrotic syndrome subdivided according to use
or not of medications that directly interfere with RAS: ACE inhibitors (ACEi) and ARB.

Parameters ACEI or ARB (n = 25) Mo ACEi or ARB (n = 6) P values
Age fyears) 114+ 486 10.7 + 4.5 0.585
Sex {male / fermals) 14/9 5/3 0.957
BMI (kg/m?) 198+33 13.9+88 0.260
Cereatinine (mgddl) 0.61 +0.28 054 + 012 0.964
Trighycerides (mafdl) 1178+ 872 108.9 + 55.9 0.852
Total cholestarol (mg/dl) 186.2 + 68.8 197 + 153.8 0.320
Alburmin (g/dl) 3.9+05 42+08 0481
Glomerutar filtrafion rate’ 108.1 + 294 1123+ 288 0.910
Proteinuria {mg/m?/24 b 38024+ 4218 149+ 446 0118
Medications in usa -

Only staroids 0 2 0.032
Staroids + ACEi or ARB 16 0 -
Cinby ACE or ARB 0 0 -
Only cyclosporing 0 0 -
Cyclosporine + ACE or ARB a 0 -
Mo medications 0 4 =0.0001
Histopatokegy 0.920

Mo bicpsy 10 5

MDC 4 0

FaGEs 4 1

Mambranous nephropathy 2 1

Maesangial glomerulopathy 2 1

}fa]ues are expressed as mean and standard deviation. Sex, medications and renal histopathology in use are expressed as absolute values.
Glomerular filtration rate was esfimated using modified Schwartz's formula. Abbreviations: ACE, inhibitor of the angiotensin converting enzyme; ARE,
angictensin receptor type 1 blocker; BMI, body mass index; FSGS, focal segmental giomerulosclerosis; MOC, minimal change dissase.

normalrange (Table 1). No statistical differences between INS patients (n=31) and controls were found in age, sex

distribution, body mass index, GFR, plasma levels of triglycerides, cholesterol, creatinine and albumin (P > 0.05 for
all comparisons, Table 1). As expected, the values of proteinuria were significantly higher in INS patientsthan in
healthy controls (Table 1).

(©) 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 12
License 4.0 (CC BY).



Figure 1. Levels of RAS componentis in urine samples of patients with INS and healthy sex and age-matched subjects

In regard to treatment, 6 among 31 (19%) INS patients were not receiving any medication at the time of urine
collection, whereas the remaining patients needed at leastone medication (Table 1). Sixteen among 25 (64%) patients
of the INS group were receiving steroids and 9 (36%) cyclosporine, both isolated or in association with inhibitors
ofthe RAS. In regard to histopathology, 15 (48.4%) patients were not submitted to renal biopsy, 5 (16.1%) presented
focal segmental glomerulosclerosis, 5 (16.1%) had minimal change disease, 3 (9.7%) exhibited mesangial
glomerulopathy and 3 (9.7%) membranous glomerulopathy.

The comparison between INS patients without proteinuria (absent) versus patients with proteinuria (present) is
shown in Table 2. No differencesin clinical and laboratorial findings were detected (P > 0.05 for all comparisons,
Table 2), except for24-h proteinuria.

Table 3 shows the comparison between patients receiving (n =16)and not receiving ACE inhibitors and/or ARBs (n
= 15).The only difference between both subgroups was the medication in use. No significant differences were

detected in regard to age, sex distribution, clinical data, laboratory measurementsandrenal histopathology (P > 0.05
forall comparisons, Table 3).

RAScomponentsanalyses

In comparison to healthy controls, INS patients presented increased urinary levels of Ang Il, Ang-(1-7) and ACE
(P < 0.05 for all comparisons, Figure 1). On the other hand, urinary levels of ACE2 were significantly lower in INS
patientsthan in controls (P < 0.0003, Figure 1).

Correlations were evaluated between RAS components and proteinuria. In INS patients, urinary levels of ACE2
were negatively correlated with 24-urine protein excretion (rho = —0.508, P = 0.005). Furthermore, INS patients with

proteinuria had significantly lower levels of ACE2 in urine than INS patients without proteinuria (P = 0.02, Table 4).
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Patients with INS presented increased urinary levels of angiotensin (Ang) Il, angictensin-converting enzyme (ACE) and Ang-(1-7) in
comparison with controls. On the other hand, ACEZ2 levels were lower in INS patients than in controls. Results are expressed as

bar graphs with mean values and SEM. Differences were considered to be significant at P = 0.05 (Mann-Whitney U test).

(©) 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution

License 4.0 (CC BY).
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Table 4 Urinary levels of RAS components in idiopathic nephrotic syndrome patients without proteinuria (<150 mg/dl/day)
and with proteinuria (>150 mg/dl/day)

RAS components Without proteinuria {n =15) With proteinuria (n = 16) P values
Ang Il (pa/mi) 164+ 84 147+ B0 0.570
ACE (pa/mi) 98.4 + 50.0 1729+ 162.2 0.247
Ang-[1-7) [pg'mi} 175+ 7.5 160+ B8 0.662
ACE2 (po/mi) 135 +10.7 29452 0.023

Values are exprassed as mean t standard deviation. Abbreviations: ACE, angiotensin comverting enzyme; ACEZ, angiotensin converting enzyme 2; Ang
II, angiotensin II; Ang-(1-7}, angiotensin-(1-7).

Regarding other RAS components[Ang 11, ACE and Ang-(1-7)], there were no correlations with 24-urine protein
excretion. Accordingly, no differences were found in the comparison of these molecules in INS patients without
proteinuria versus those with proteinuria (Table 4).
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Figure 2. Urinary levels of MCP-1/CCL2 in patients with primary nephrotic syndrome (INS) and in healthy sex and
age-matched subjects (controls)

Patients with INS had increased urinary levels of MCP-1/CCL2. Results are expressed as bar graphs with mean values and SEM. Dif-
ferences are considered to be significant at P = 0.05 (Mann-Whitney U test). MCP-1/CCL2 = monocyte chemoattractant protein-1.

Chemokines and cytokines analyses

As shown in Figure 2, urinary concentrations of MCP-1/CCL2 were significantly higher in INS patients when
compared with the control group (P = 0.015). However, urinary levels of other chemokines (IP-10/CXCL-10,
MIG/CXCL9, RANTES/CCL5, IL-8/CCCL8) and of cytokines (IL-12p70, TNF, IL-10, IL-6, IL-18, IFN) did not sig-
nificantly differ in the comparison of INS patientsand healthy controls.

We also investigated the relation between urinary levels of chemokines and cytokines with 24-h urine protein ex-
cretion. Urinary levels of 1P-10/CXCL-10 were positively correlated with 24-h urine protein excretion in INS patients
(rho= 0.3882, P= 0.037). No correlations were found between 24-h urine protein excretion with other chemokines
and cytokines.

Correlations between RAS components and immune system molecules inINS

patients

Urinary levels of chemokines and cytokines were also checked for correlations with RAS molecules in the same urine
samples. In INS patients, levels of Ang Il positively corelated with MCP-1/CCL2 levels (ho=0.424, P=0.017). On the
otherhand, asshown in Figure 3, Ang-(1-7) levels negatively correlated with MCP-1/CCL2 (rho=-0.485, P=0.006,
Figure 3 — panel superior) and MIG (rho=-0.379, P=0.035, Figure 3 - panel intermediate) and ACE2 levek were
negatively correlated with IP-10/CXCL-10 (ho=-0.420, P=0.018, Figure 3 — panelinferior). No correlations were
found between cytokinesand RAS molecules.

(©) 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 12
License 4.0 (CC BY).



Table 5 Urinary levels of inflammatory molecules in patients with idiophatic nephrotic syndrome subdivided

Effect of RAS inhibition on RAS components, proteinuria and immune system

molecules

As shown in Table 3, 16 patients were receiving ACE inhibitors or ARBs at the time of urine collection. No
differences were detected in urine levels of RAS molecules and in proteinuria when INS patients receiving RAS
inhibitors were compared with those not receiving these medications. The same profile was not observed when
inflammatory molecules were analyzed. INS patients receiving ACE inhibitors or ARBs had significantly higher
urinary levels of 1P-10/CXCL-10 and of IL-10 in comparison to patients not under RAS inhibition (Table 5).

Effect of steroids administration on RAScomponentsand immunesystem

molecules

INS patientswere also subdivided in regard to the use or not of steroids atthe time of urinary measurements of
RAS components, cytokinesand chemokines. Urinary levels of ACE2 were significantly lower in patientsunder
steroidtherapy in comparison to those not receiving this medication (3.6 +4.7 pg/ml versus 15.2 £ 9.3 pg/ml,
P=0.033).

However, urinary levels of ACE, Ang Il and Ang-(1-7) did notsignificantly differ in these subgroups. In regard
to cytokines and chemokines, patientsreceiving steroids had higher urinary levels of IP-10/CXCL-10 (128.6 =
81.5 pg/mlversus 95.7 £ 125.7 pg/ml, P=0.016) than those not underthis treatment atthe time of urine sampling.
Other molecules did not significantly differ in these subgroups.

according tothe use or not of medications that directly interfere with RAS: ACEi and ARBs.

Infla

Mo use ACEI andfor ARB (n =

mmatory molecules Use ACEi and/or ARB (n = 16/11) 15/20) P values

IP-10 [pg/mi) 134.8 + 5060 98.0 + 4481 0.008
MCP-1 {pgfmi) 454.8 + 406.0 416.3 + 3845 0.675
MIG {pg/mil) 83.7 + 1586 553+ 1346 0115
IL-2 {pg/mi) 267 +713 232+646 0187
IL-12p70 (pgfmi) 9.6+ 9.0 67 +83 0.083
TNF {pg/mil) 106+ 103 T4+93 0.085
IL-10 {pgsmi) T0+687 46+ 6.1 0.042
IL-6 {pg/mi) 121 + 9.7 9.3+ 95 0.056
IL-1 4 (pgfmi) 261 +2286 18.4 + 201 0.219

Values are expressed as mean + standard deviafion.

(©) 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Figure 3. Correlations between RAS molecules and chemokines

Panel superior shows a negative correlation between urinary levels of Angiotensin-(1-7) [Ang-{1-7)] and urinary levels of
MCP-1/CCL2 (rho = —0.485, P = 0.006, Spearman cormslation test). Panel intermediate displays a negative comelation between
urinary levels of Ang-(1-7) and urinary levels of and MIG (rho = —0.379, P = 0.035, Spearman correlation test). Panel inferior shows
a negative correlation between urinary levels of Angiotensin Converting Enzyme 2 (ACE2) and urinary levels of IP-10/CXCL-10 (rho
= —0.420, P = 0.018, Spearman correlation test).

(©) 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 12

License 4.0 (CC BY).



Discussion

INS patientsin complete or partial remission had significantly higher levels of ACE, Ang Il and Ang-(1-7)in urine,
while urinary concentrations of ACE2 were significantly lower than in healthy controls. In addition, ACE2 levels
were significantly reduced in INS patientswith proteinuria in comparison to those without proteinuria and urinary
concentrations of thisenzyme negatively correlated with 24-h urinary protein excretion.

Acquired or genetic deficiency of ACE2 exacerbated kidney injury and proteinuria in many experimental models of
renal diseases, possibly faciltating the deleterious effects of Ang Il [22-27]. Renal expression of ACE2 was reduced in
renal cortex of mice submitted to 5/6 nephrectomy and in a rat model of renal ischemia/reperfusion [27,28]. Ina
model of unilateral ureteral obstruction, the deletion of ACE2 gene resulted in a four-fold increase in the ratio
of intrarenal Ang I1/Ang-(1-7) and these changes were associated with tubulointerstitial fibrosis and high levels of
TNF, IL-18 and MCP-1 [29]. Accordingly, we found thaturinary concentrationsof Ang Il were elevated in INS
patientswhen compared with healthy controls and were positively correlated with urinary levels of MCP-1. More
recently, the daily administration of ethanol to pregnant rats resulted in glomerulosclerosis and interstitial fibrosis
of the kidneys of adult offspring,accompanied by elevated levels of serum creatinine, proteinuria, totalcholesterol
and reduced concentrations of serum albumin [10]. These renalalterationscompatible to NS were associated with
increased serum levels of Ang |1, high gene expression of ACE in renaltissue and reduced expression of ACE2 and
of Masreceptorin the kidneys [10]. Taken together, these experimental studies indicate thatthe deficiency of ACE2
promotesrenaltissue lesion.

Most data regarding RAS components are obtained in experimental models. Few data from human samples cor-
roborate ourfindings. Mizuiri et al. [30] showed that renalbiopsies from patients with IgA nephropathy hadsignif-
icantly reduced glomerular and tubulointerstitialimmunostaining for ACE2 when compared with healthy controlk,
while glomerular ACE stainingwas increased. These findings raise the possibility that an upward shift in the intrarenal
ACE/ACE2 ratio favoring increased synthesis of AngIlandreduction in Ang-(1-7) might lead to progressive nephron
loss in this condition [30]. Our research group recently detected lower urinary levels of ACE2 in children with sickle
cellanemia (SCA) presenting persistent proteinuria in comparison to SCA patients with normalalbumin excretion in
urine, also suggesting a role of reduced ACE2 protein in renaltissue in the emergence of proteinuria and nephropathy
[31].

Another interesting finding of the present study was the elevation of Ang-(1-7) levels in urine of INS patients in
comparison to controls. Experimental models of renal diseases showed a protective role for Ang-(1-7) [8,29,32—-38].
Inan experimental model of NS, the adriamycin-induced nephropathy, oraladministration of AVE 0991, a Mas re-
ceptor agonist, improved renal function, reduced proteinuria and attenuated histological changes [8]. AVE 0991
orAng-(1-7) administration also exerted renoprotective effects in experimental acute renal injury [35] and in
chronic intermittent hypoxia [38]. These effectsseem to be mediated, at least in part, by reducing inflammation,
oxidative stress and fibrosis [38]. The infusion of Ang-(1-7) also prevented renal lesion in a model of unilateral
ureteral obstruc-tion by suppressing renalapoptosis, fibrosis, and possibly ATz receptor expression [29]. On the other
hand, Ang-(1-7) administration increased ACE2 expression [29]. We may speculate that the increase in urinary
levels of Ang-(1-7) would be a compensatory response torenal damage elicited by the activation of ACE-Ang I1-AT:
receptoraxisin INS patients. A similar counter-regulatory response was reported in urine of fetuses with posterior
urethral valves[39].

The urine of these fetuses showed intense increase in several cytokinesand chemokines [40] and these changes may
be opposed by a compensatory activation of ACE2-Ang-(1-7)-Mas receptoraxis [39]. Another possible explanation
for urinary elevation of Ang-(1-7) could be a dysfunction or reduced expression of Mas receptor at kidney tissue.
Accordingly, Ng etal. [41] reported that Mas receptor expression is reduced in the kidneys of CKD rats.

In INS patients, inflammatory molecules may also contribute to disease activity and toRAS molecules changes. Uri-
nary concentrationsof MCP-1/CCL2 were significantly higher in INS patients when compared with control group,
whereas levels of IP-10/CXCL-10 in urine were positively correlated with 24-hour proteinuria. Accordingly, Vianna
and co-workers [42] previously found higherurinary levels of MCP-1/CCL2 in patients with CKD due to focalseg-
mental glomerulosclerosis than in cases of congenital uropathies. More recently, Matsumoto and co-workers [9]
showed that urinary level of MCP-1/CCL2 was significantly higher in steroid resistant INS than in steroid sensi-
tive patients, supporting the idea that urinary MCP-1/CCL2 might contribute to the recruitment of macrophages
into glomeruli. Remarkably, we found that urinary concentrations of Ang-(1-7) were negatively correlated with
MCP-1/CCL2, whereas ACE2 levels negatively correlated with IP-10/CXCL-10. Therefore, we believe that Ang-(1-7)
may oppose the glomerular damage induced by MCP-1/CCL2 attracted macrophages. In turn, the reduced expres-
sion of ACE2 might result in altered release of IP-10/CXCL-10 in renal tissue, which affected glomerular perme-
ability leading to proteinuria. To corroborate this hypothesis, Han et al. [43] previously reported that rats sub-
mitted to puromycin-induced nephropathy and to anti-nephrin antibody-induced nephropathy when treated with
anti-IP-10/CXCL-10 function-blocking antibody displayed a decrease in the protein level of slit-diaphragm com-
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ponentsand exacerbated proteinuria [43]. The authorsalso showed that the expression of CXCR3 increases in the
injured podocyte in parallelwith that of IP-10/CXCL-10, suggesting that IP-10 bindsto CXCR3 in podocytes. The
finalconclusion is that IP-10/CXCL-10 may become a possible therapeutic target candidate in podocyte injury [43].
ACE inhibitors and ARBs exert renoprotective effectsin glomerular diseases, mostly by reducing proteinuria [44].
However, scarce studies have investigated the effects of these medications in pediatric patients with INS [6,7]. It has
also beensuggested thatthe beneficial effects of these medications may be due, at least in part, to an activation of
ACE2/Ang-(1-7)/Mas axis [45-47]. However, we did not find changes in urine concentrations of RAS components
in INS patientsreceiving ACE inhibitors or ARBs. On the other hand, patients under treatment had higher levels
of IP-10/CXCL-10and IL-10. We did not know if changes in these cytokines are a consequence of the treatment or,
alternatively, if increased levels of these molecules are related to INS itself. Asalready mentioned, experimental data
supporta role for IP-10/CXCL-10 in slit-diaphragm function [43], which might be altered in patients with more in-
tense proteinuria. Inturn, IL-10 isconsidered an anti-inflammatory cytokine, which may contribute to the beneficial
effects of RAS blockers [48].

Our study has some limitations. First, the cross-sectional design precludes any conclusion regarding the cause
of molecular changes. We probably would have obtained more conclusive results with longitudinal urine collections.
Secondly, the use ofimmunosuppressive medications and/or RAS blockers atthe time of urine collection may interfere
with molecular measurements. Thirdly, we did not investigate the expression of Masand AT receptors in renal tissue
of INS patients. Fourthly, we did not use the traditional method, the radioimmunoassay, to measure RAS components.
Onthe otherhand, theinclusion of only relatively wellcontrolled INS patients, exhibiting partial ortotal remission of
the proteinuria, may increase the homogeneity of oursample andthe results may represent more accurately changes
related to disease itself ratherthanacute alterations due to relapses. Moreover, the utilization of a well-established
protocol for molecular measurements may increase the strength of our findings [31,39,40].

In conclusion, our results supportthat ACE2 may exert renoprotective effects. Accordingly, genetic deficiency of
ACE?2 activity in mice fosters oxidative stress via AT1 dependent effect in the kidney [49]. Inaddition, daily treat-
ment with recombinant ACE2 ameliorated renal fibrosis in apolipoprotein E-deficient mice via augmentation of
Ang-(1-7)/Ang Il ratio [50]. Taken together, studies indicated that the reduction in ACE2 levelsat renaltissue might
play arole in proteinuria and renaldamage in glomerular diseases.

Clinical perspectives

In view of the advances of INS in the last years in the pediatric populationand the lack of knowledge
on pathophysiological mechanisms, different hypotheses have been suggested. There is evidence that
RAS molecules and changes in inflammatory and cytokine expression are closely involved in the
mechanisms of renal injury progression.

ACEZ2 levels were significantly reduced in INS patients with proteinuria in comparison to those without
proteinuria and urinary concentrations of this enzyme negatively correlated with 24-h urinary protein
excretion.

e The chemokines MCP-1/CCL2 and IP-10/CXCL-10 may also contribute to proteinuria and to
changes in RAS molecules in INS patients.

e The understanding on the interactions between RAS and immunoinflammatory molecules enables
new strategies for diagnosis and therapeutic approach.
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