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Abstract

Immunoglobulin A nephropathy (IgAN) is the most prevalent primary glomerular
disease in numerous countries and continues to be a significant contributor to chronic kidney
disease and end-stage kidney disease (ESKD). The clinical course can vary, but on average
3040 % of patients reach ESKD within 20-30 years of diagnosis, and the disease may recur
in the kidney graft. As the prognosis of this disease varies depending on its clinical presentation,
the International IgAN Prediction Tool (IIgANPT) was developed in 2019 to integrate
clinicopathological prognostic factors at the time of diagnosis and generate an individualised
risk of disease progression. According to existing evidence, IgAN is believed to result from
a combination of various pathogenic factors rather than a singular cause.

This study was conducted to evaluate the risk of disease progression in IgAN patients
and to analyse B-cell differentiation and the gut microbiome as potential factors in
the pathogenesis of the disease.

During a median follow-up of 18 months, 14.7 % of IgAN patients progressed to ESKD,
corresponding to an incidence rate of 0.11 episodes per patient-year. Gender, MEST-T score
and increased diastolic blood pressure were identified as significant risk factors for reduced
kidney survival.

We carried out flow cytometry analysis of peripheral blood B cells in IgAN patients and
healthy controls (HC) to investigate how B cells are activated to produce pathogenic IgA.
Expansion of naive and reduction in memory B cells was seen in IgAN patients with
an increased frequency of IgA-expressing B cells that lacked the classical memory marker
CD27, but were CD21". IgAN patients furthermore had an expanded population of IgA*
antibody-secreting cells, which correlated with serum IgA levels. Both IgA™ plasmabalsts and
CD27 B cells co-expressed galactose-deficient IgA1 (Gd-IgAl). Implicating dysregulation at
mucosal surfaces as the driver of such B cell differentiation, we found a correlation between
lipopolysaccharide in the serum and IgA"CD27" B cell frequency.

Metagenomic analysis and functional profiling of the gut microbiome were performed
in IgAN patients categorised either as progressors (defined by an estimated glomerular filtration
rate decline > 5 ml/min/1.73 m?/year), or non-progressors, and HC. Compared to HC, IgAN
patients showed a reduced abundance of butyrate-producing bacteria. In addition, pathways
related to nucleotide and nucleoside biosynthesis were more pronounced in IgAN patients,
suggesting underlying immune activation and inflammation. Variations in these metabolic
pathways were, in part, explained by Gd-IgA1 levels. Notably, the progressor group exhibited

functional microbial changes linked to the stabilisation of bacterial cell membranes.
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Anotacija

Imiunglobulina A nefropatijas
progresijas risks: B Siinu
diferenciacijas un zarnu mikrobioma
nozime slimibas attistiba

Imunglobulina A nefropatija (IgAN) ir biezakais no primarajiem glomerulonefiitiem
visa pasaul€, un ta joprojam ir nozimigs hroniskas nieru slimibas un terminalas nieru mazspgjas
iemesls. Kliniska gaita var biit variabla, bet videji 30—40 % pacientu attistas terminala nieru
mazspéja 20-30 gadu laika pec diagnozes uzstadiSanas, ka ar1 slimiba var recidivét nieres
transplantata. Ta ka S§is slimibas prognoze atSkiras atkariba no tas kliniskam izpausmém,
2019. gada tika izstradats Starptautiskais [IgAN prognozes kalkulators (IIgANPT), lai integrétu
kliniskos un histologiskos datus individualas prognozes noteikSanai diagnozes apstiprinasanas
bridi. AtbilstoSi pasreiz€jiem pieradijumiem uzskata, ka [gAN attistiba iesaistiti vairaki faktori,
nevis tikai viens konkréts c€lonis.

Sis péttjums tika veikts, lai novértétu slimibas progresijas risku pacientiem ar IgAN un
analizétu B $tinu diferenciaciju un zarnu mikrobioma lidzsvaru ka iesp&jamos faktorus slimibas
patogencze.

IgAN pacientu novéroSanas perioda, kura mediana bija 18 ménesi, 14.7 % pacientu
nieru funkcija pasliktinajas Iidz terminalai nieru mazspgjai, kas atbilst incidencei 0,11 epizodes
uz pacientgadu. Dzimums, MEST-T raditajs un paaugstinats diastoliskais asinsspiediens tika
identific€ti ka nozimigi riska faktori samazinatai nieru dzivildzei.

Lai izpétitu B Stinu aktivacijas mehanismus patogénas IgA sintéze, I[gAN pacientiem un
veseliem individiem (HC) tika veikta periféro B Stinu subtipu analize, izmantojot pliismas
citometriju. IgAN pacientiem tika noverots naivo B §tinu skaita pieaugums un atminas B §tnu
skaita samazinajums. Turklat tika konstatéts paaugstinats IgA-ekspres€joSo B Stnu skaits,
kuram nebija klasiska atminas markiera CD27, bet bija pozitiva CD21 ekspresija. Tapat
pacientiem bija palielinata IgA+ antivielas izdaloSo Stnu populacija, kas korel&ja ar
paaugstinatu IgA Iimeni seruma. Gan IgA" plazmablasti, gan CD27 B S§iinas ekspreséja
galaktozes nepietickamo IgA1 (Gd-IgAl). Tika novérota korelacija starp lipopolisaharidu
limeni seruma un IgA"CD27- B §tinu biezumu, kas norada uz iesp&jamu B $tnu diferenciacijas
saistibu ar zarnu glotadas barjeras traucgjumiem.

Pacientiem ar IgAN un kontroles grupai tika veikta metagenomiska analize un zarnu
mikrobioma funkcionala profilésana. IgAN pacienti tika iedaliti pacientu grupa ar progres€josu
slimibas gaitu (definéti ka pacienti ar aprékinata glomerularas filtracijas atruma samazinajumu

> 5 ml/min/1,73 m?/gada) un pacientu grupa ar neprogres€josu slimibas gaitu. Salidzinajuma



ar HC, IgAN pacientiem tika noverota samazinata sviestskabi producgjoso bakteriju izplatiba.
Turklat IgAN pacientiem noverota pastiprinata aktivitate vielmainas celos, kas saistiti ar
nukleotidu un nukleozidu biosintézi, liecinot par iespgjamu imiinas sist€mas aktivaciju un
iekaisuma reakciju. Pacientu grupa ar progres€josu slimibas gaitu tika novérotas funkcionalas
mikrobioma izmainas, kas saistitas ar bakteriju Siinu membranu stabilizaciju. Dala So metabolo
celu izmainu korelgja ar paaugstinatu Gd-IgA1 Iimeni.

Atslégvardi: imunglobulina A nefropatija; nieru dzivildze; B Stnu diferenciacija;

mikrobioma raksturojums.
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ACEI
ANCA
APRIL
ARB
ASC
BAFF
BMI

C
C1GalTl1

CFHR3,1-del

CICs
CKD
DN
DNA

E

EBV
EDTA
eGFR
EMA
ESKD
ET1
FDA
FDR
FH

FI

Gal
GalNAc
GalNAc-T2
GALT
Gd-IgAl
HC

IBD
ICC
IgAN
IgAV

Abbreviations used in the Thesis

angiotensin-converting enzyme inhibitor
antineutrophil cytoplasmic antibodies
anti-A proliferation-inducing ligand
angiotensin II receptor blocker
antibody-secreting cells

B-cell activating factor

body mass index

crescents

core 1 B1,3-galactosyltransferase
deletion in FH-related genes 1 and 3
circulating immune complexes
chronic kidney disease

double negative

deoxyribonucleic acid
endocapillary hypercellularity
Epstein-Barr virus
ethylenediaminetetraacetic acid
estimated glomerular filtration rate
European Medicine Agency
end-stage kidney disease

endothelin 1

Food and Drug Administration

false discovery rate

factor H

factor |

galactose

N-acetylgalactosamine
UDP-N-acetylgalactosaminyltransferase 2
gut-associated lymphoid tissue
galactose-deficient IgA1

healthy controls

inflammatory bowel disease
intraclass correlation coefficient
immunoglobulin A nephropathy

IgA vasculitis



I[IgANPT International IgAN Prediction Tool

KDIGO Kidney Disease: Improving Global Outcomes
LPS serum lipopolysaccharide

M mesangial hypercellularity

MALT mucosa-associated lymphoid tissue

MBL mannose-binding lectin

MCD minimal change disease

mlgA monomeric IgA

miRNA microRNA

MMF mycophenolate mofetil

NeuAc N-acetylneuraminic acid

PBMC peripheral blood mononuclear cell

PBS phosphate-buffered solution

plgA polymeric IgA

RASI renin-angiotensin system inhibition
RCTs randomised controlled trials

S segmental glomerulosclerosis

SGLT2i sodium-glucose cotransporter 2 inhibitors
ST3Gall 02,3-sialyltransferase

ST6GalNAc2  a2,6-sialyltransferase

T tubular atrophy

TfR1 transferrin receptor-1

TG2 transglutaminase 2

TLR Toll-like receptors

TNF tumor necrosis factor

Tregs regulatory T cells

TRF- . .
budesonide targeted-release formulation of budesonide

UPCR urinary protein-to-creatinine ratio
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Introduction

French pathologist named Dr. Jean Berger, along with his colleague Dr. Nicole Hinglais
in 1968 initially defined immunoglobulin A nephropathy (IgAN) as a kidney disorder marked
by glomerular “intercapillary deposits of IgA-IgG” (Berger & Hinglais, 1968). The renal biopsy
typically reveals predominant IgA glomerular deposits performing immunofluorescence, often
accompanied by mesangial cell proliferation and matrix expansion. IgAN is the most prevalent
primary glomerular disease in numerous countries and continues to be a significant contributor
to chronic kidney disease (CKD) and end-stage kidney disease (ESKD) (Rajasekaran et al.,
2021). Geographical variation in distribution and the galactose-deficient IgA1 (Gd-IgAl)
inheritance trait highlight the potential influence of both environment and genetics on
susceptibility to I[gAN (Du et al., 2023).

IgAN clinically presents in diverse manifestations: episodes of macrohaematuria,
microscopic changes in urinalysis, nephritic syndrome, nephrotic syndrome and rapidly
progressive glomerulonephritis. The clinical course can vary, but on average 3040 % of
patients reach terminal kidney failure within 20-30 years of diagnosis, and the disease may
recur in the kidney graft (Lai et al., 2016). As the prognosis of this disease varies according to
its manifestation, the International IgAN Prediction Tool (IIgANPT) was investigated in 2019.
It integrates validated clinicopathological prognostic factors with treatments received at
the time of diagnosis to generate an individualised risk of disease progression, supporting
patient counselling, and facilitating shared decision-making (Barbour et al., 2019).
The IIgANPT has undergone external validation across different ethnic groups, producing
varying results. Until 2021, it had only been validated in non-European cohorts:
Chinese-Argentinian (Zhang et al., 2020) and Korean (Hwang et al., 2021).

According to existing evidence, IgA nephropathy is believed to result from
a combination of various pathogenic factors rather than a singular cause. The increased presence
of circulating polymeric Gd-IgA1 and the generation of O-glycan-specific antibodies contribute
to the development of immune complexes containing IgA 1. The subsequent deposition of these
complexes in the mesangium triggers inflammation and leads to glomerular damage (Yeo et al.,
2018). B cells play a central role in the pathogenesis by serving as the origin of Gd-IgA1 and
producing autoantibodies against it (Scionti et al., 2022). However, significant gaps exist in our
understanding of the activation and differentiation pathways of B cells that result in
the secretion of pathogenic IgA antibodies in IgAN. Individual reports have delineated specific
aspects of B cell activation, including a decrease in regulatory B cells (Wang et al., 2014),
reduced proportion of pre-switched B cells and plasmablasts, an increase in long-lived plasma

cells in the peripheral circulation (Sendic et al., 2021) and heightened expression of toll-like
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receptor 7 (TLR) in circulating B cells (Zheng et al., 2020). However, the exploration of B cell
activation pathways remains unexplored and awaits incorporation into the overall
understanding of the etiopathogenesis of IgAN.

Increasing evidence establishes a significant connection between the gut mucosal
system and IgAN. In line with this, genome-wide association studies have pinpointed numerous
risk alleles for [gAN that also correlate with the immune response against intestinal pathogens,
IgA synthesis within the gut, integrity of the intestinal epithelial barrier, and inflammatory
bowel disease (Rehnberg et al., 2021). Interestingly, a cross-sectional study revealed variations
in the gut microbiota profile among individuals with progressive IgAN (Kiryluk et al., 2014).
While the sensitivity of the gut to diverse mucosal antigens has been documented in IgAN,
there is currently no definitive evidence supporting the clinical efficacy of any specific dietary
modification (Pei & Guo, 2025). However, there is a proven effect of the targeted-release
formulation of budesonide, which releases the active drug at the distal ileum, specifically
targeting the Peyer’s patches where IgA, and particularly Gd-IgAl, is primarily produced
(Barratt, Lafayette, Kristensen, et al., 2023).

Aim of the Thesis
The study was conducted to evaluate the risk of disease progression in patients with
IgAN and to analyse B-cell differentiation and the gut microbiome as potential factors in

the pathogenesis of the disease.

Objectives of the Thesis
1 To evaluate kidney survival in patients with histologically confirmed IgAN by
calculating the risk of a 50 % decline in renal function or progression to ESKD over
five years.
2 To compare these outcomes with risk predictions using IIgANPT.
3 To investigate alterations in B-cell differentiation in IgAN patients.
4 To compare the composition and functional pathways of the gut microbiome in IgAN

patients and healthy individuals.

Hypotheses of the Thesis
1 IIgANPT accurately predicts the risk of disease progression in patients with IgAN
and can be effectively applied in the Latvian population.
2 Alterations in B cell differentiation and gut microbiome composition contribute to

the pathogenesis of IgA nephropathy.
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Novelty of the Thesis

At present, the diagnosis of IgAN requires kidney biopsy and immunofluorescence
analysis of the kidney tissue. In Latvia, the ability to diagnose this disease has been available
since 2013. It is well recognised that the distribution and clinical presentation of IgAN vary
across regions and ethnicities. Prior to this study, no published data existed on the course,
clinical manifestations, or prognosis of glomerulonephritis specific to the Latvian population.
Following the publication of the IIgANPT, which has since been validated in various countries,
we evaluated its applicability in our Latvian patient cohort.

The mechanisms responsible for mesangial IgA1 deposition and subsequent renal injury
remain incompletely understood. Searching for possible agents involved in the pathogenesis,
our study group uncovered the previously unknown B cell activation pathway that is associated
with pathogenic IgA secretion — differentiation of I[gA-expressing plasmablasts via a CD21+ B
cell intermediate, that lacks the classical memory B cell marker CD27, and is enhanced in
patients with IgAN. IgA"CD27CD21" B cell frequency correlates with serum
lipopolysaccharide (LPS) levels, implicating mucosa in their activation. This pathway holds
potential for further investigation to identify biomarkers and therapeutic targets in IgAN. These
findings can be integrated into the multi-hit pathogenesis model of I[gAN.

According to previous studies on gut microbiome changes in IgAN patients, no
consistent significant variations in the abundance of specific bacteria have been reported. In our
study, butyrate-producing bacteria (Butyrococcus and Agathobacter rectalis) were less
abundant in IgAN patients than in healthy controls, along with a reduced presence of
the sulfoquinovose degradation I pathway, in which these bacteria are involved. These findings
suggest a potential avenue for further research — specifically, an interventional study to evaluate
the effects of butyrate supplementation in IgAN.

When examining microbial community function, we observed increased biosynthesis of
nucleosides (adenosine, guanosine, and inosine) in IgAN patients, suggesting a possible link to
intestinal inflammation and barrier dysfunction. Gd-IgA1 accounted for a substantial portion of
the observed variations in metabolic pathways. Notably, previous studies have not investigated
metabolic pathway differences between IgAN progressors and non-progressors. In our study,
pathways enriched in patients with progressive kidney function decline were associated with

bacterial phospholipid synthesis, suggesting an adaptive process to enhance bacterial survival.

Personal contribution
The author personally organised patient recruitment according to the inclusion and
exclusion criteria and informed all participants about the study; performed physical

examinations and provided consultations for IgAN patients and healthy controls. The author
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ensured proper collection, processing, and storage of biological material for further analysis,
conducted statistical analyses, interpreted research findings, wrote scientific publications, and

presented the results at national and international conferences.
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1 Literature review

1.1  Epidemiology of immunoglobulin A nephropathy

Immunoglobulin A nephropathy (IgAN) is the most common primary
glomerulonephritis worldwide, with significant differences in prevalence and clinical
phenotypes in different populations (Zhang et al., 2022). Prevalence of the disease is lower in
the United States (10-20 % of primary glomerulonephritis), higher in some European countries
(20-30 %) and the highest in the developed Asian countries (40-50 %) (Woo et al., 2010).
According to a recent epidemiological study across ten European countries, IgAN point
prevalence is 2.53 per 10 000, ranging from 1.14 per 10 000 in Spain to 5.98 per 10 000 in
Lithuania (Willey et al., 2023). The incidence of IgAN, based on kidney biopsy results over
the past 10 years in Latvia, is the highest — 13.2 cases per million population per year, followed
by rapidly progressive glomerulonephritis (8.4 cases) and membranoproliferative
glomerulonephritis (4.3). For comparison, the incidence of IgAN is higher in countries with
systematic population-wide urine screening programs, such as Japan (45 cases per million
population per year) and Singapore (18 cases) (Schena & Nistor, 2018). Patients can exhibit
symptoms at any age; however, there is a notable peak in incidence during the second and third
decades of life. There is noted different male-to-female ratio among different ethnic
populations: approximately a 2—3:1 in North American cohorts, while in Asia the sexes are
equally affected (Yeo et al., 2019).

Epidemiologic variations can be attributed to several more factors: the lack of
widespread urinalysis screening in Western countries; underestimation by general practitioners
in Western nations of persistent microscopic haematuria and/or mild proteinuria in seemingly
healthy individuals, resulting in delayed referrals to nephrologists; possibility in different
nephrology centres to perform kidney biopsy in individuals with persistent urinary

abnormalities (Schena & Nistor, 2018).

1.2 Pathogenesis of immunoglobulin A nephropathy

The majority of IgAN cases seem to occur randomly, but there are well-documented
instances of familial IgAN in certain families. The initial successful use of genome-wide
linkage analysis in disease affected families revealed a notable linkage peak on chromosome
6p22-23, consistent with an autosomal dominant inheritance pattern (Gharavi et al., 2000).
Genetically determined factors play a role in the development of IgAN, even in cases that
initially appear to be sporadic (Magistroni et al., 2015). Large genome-wide association study
of 10 146 kidney-biopsy-diagnosed IgAN cases and 28 751 controls across 17 international

cohorts defined 30 genome-wide significant risk loci that explain 11 % of disease risk. There is
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apositive genetic correlation observed between IgAN and serum IgA levels. A higher polygenic
score for IgAN is linked to an earlier onset of kidney failure (Kiryluk et al., 2023).

The prevailing understanding of IgAN pathogenesis is based on multiple “hits” model.
These include an elevation in the levels of circulating poorly O-galactosylated IgAl,
the production of specific IgG autoantibodies targeting this particular form of IgAl,
the formation of IgA 1-immune complexes, and their deposition in the glomerular mesangium,

leading to renal damage (Scionti et al., 2022).

1.2.1 IgA1l O-Galactosylation

In humans and higher primates, there are two subclasses of IgA, namely IgA1 and IgA2,
constituting approximately 84 % and 16 % of the total circulatory IgA, respectively (Woof &
Russell, 2011). Production of circulatory IgA is mainly derived from B cells in bone marrow.
The distribution of these subclasses shows significant variation across various external
secretions. Typically, secretions from the upper respiratory and digestive tracts contain a higher
proportion of IgA1 compared to IgA2. In contrast, secretions from the large intestine and female
genital tract have a slightly higher abundance of IgA2 compared to IgA1 (Woof & Mestecky,
2005). IgA1 and IgA2 exhibit a difference wherein IgA1 possesses an elongated hinge region
comprised of 18 amino acids.

Both subclasses can exist in two structural forms: monomeric IgA (mlIgA) and
polymeric IgA (pIgA). The pIgA variant includes a joining chain, a protein with a molecular
weight of about 17 kDa. This joining chain forms disulfide bridges with cysteine residues
located at the tail piece of the o heavy chain within the Fc region, thereby facilitating the linkage
of two IgA monomers (Woof & Russell, 2011). The predominant composition of serum IgA is
in the monomeric form. However, in I[gAN there is an elevated presence of circulating IgA1 in
a polymeric state, characterised by the absence of terminal galactose residues in its hinge region.
This extended hinge region is situated between the first and second constant domains of the al
heavy chain, which is variably glycosylated (Figure 1.1). Out of the nine potential glycosylation
residues, six (highlighted in red) can undergo incremental elongation through the sequential
addition of monosaccharides containing terminal galactose (Gal) to amino acids
residues in O-linkage. The O-glycosylation process of IgAl hinge regions commences with
the addition of N-acetylgalactosamine (GalNAc) to serine or threonine by
UDP-N-acetylgalactosaminyltransferase 2 (GalNAc-T2), forming Tn antigen (Iwasaki et al.,
2003). Subsequently, the introduction of Gal is facilitated by core 1 f1,3-galactosyltransferase
(C1GalT1). The stability of the C1GalT1 protein is reliant on its interaction with a specific

molecular chaperone, Cosmc. Without Cosmc, the C1GalTl protein undergoes rapid
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degradation, rendering the attachment of Gal to GalNAc impossible (Ju & Cummings, 2005).
Additionally, a2,3-sialyltransferase (ST3Gall) and o2,6-sialyltransferase (ST6GalNAc2)
transfer N-acetylneuraminic acid (NeuAc) to Gal and/or GalNAc (ST and STn antigens). If
NeuAc is added to GalNAc before Gal attachment, this premature sialylation prevents
subsequent addition of a Gal residue (Scionti et al., 2022; Suzuki et al., 2014).

Gd-IgA1 primarily are generated at mucosal surfaces in the respiratory and gut regions,
specifically within the mucosa-associated lymphoid tissue (MALT). Key MALT locations
linked to the pathogenesis IgAN include the tonsils and the gut, known as the gut-associated
lymphoid tissue (GALT) (Knoppova et al., 2016).
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Figure 1.1 IgA1 galactosylation (Scionti et al., 2022)

1.2.2 Formation of autoantibodies

The hinge region of IgA1, lacking galactose, includes GalNac residues with or without
terminal sialic acid. These IgA1 can be detected by lectins, such as Helix aspersa agglutinin,
a lectin specific for terminal GalNAc. Levels of serum IgG specific for Gd-IgA1 are higher in
IgAN patients comparing to placebo group and correlate with proteinuria (Suzuki et al., 2009).
The majority (around 90 %) of individuals with IgAN exhibit heightened levels of these

antibodies in their serum, that are also associated with renal histological grading. Although
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Gd-IgAl specific IgG are noticed in other origin CKD individuals, with a focus on those affected
by immune-mediated glomerular diseases, reaching up to 25 % (Yanagawa et al., 2014).

Certain bacteria and viruses (Streptococcus pneumoniae, Haemophilus influenzae,
Actinomyces naeslundii and others) display GalNac on their surfaces (Brockhausen et al.,
2009), encountering these pathogens might serve as a stimulus for the generation of
cross-reacting anti-glycan antibodies. Toll-like receptors (TLRs) are a class of proteins that
have an ability to recognise numerous pathogens and initiate immune responses against them
(Gao et al., 2017). Microbial antigens from external sources appear to trigger the activation of
TLR9Y in the mucosa. This activation, in turn, stimulates B cells in the tonsils, ultimately

resulting in the production of nephritogenic Gd-IgA1 (Suzuki et al., 2011).

1.2.3 Circulating immune complexes

Increased concentrations of circulating immune complexes (CICs) that consist of
inadequately galactosylated IgA1 are frequently observed in individuals diagnosed with IgAN.
In laboratory settings, it has been demonstrated that both polymeric IgAl and immune
complexes formed by IgG-IgAl stimulate human mesangial cell proliferation, whereas
monomeric IgA1 does not exhibit the same effect (Novak et al., 2002). Cellular proliferation is
induced by CICs of significant size (> 800 kDa), while smaller complexes can inhibit it
(Novak et al., 2011). Not only IgG, but also IgA, IgM, and complement fractions are present in
CICs (Nakamura et al., 2002). The presence of CICs containing polymeric IgA1l triggers
the cleavage of the extracellular domain of FcaR (CDS89), leading to the formation of
an IgA1-CD89 complex. Animal experiments revealed that mice expressing both human IgA1
and CD89 exhibited the presence of I[gA1-sCD89 complexes in both circulation and mesangial
deposits, leading to kidney inflammation, haematuria, and proteinuria. In contrast, mice
expressing IgA1l alone showed endocapillary IgAl deposition without mesangial injury
(Berthelot et al., 2012). The injection of recombinant soluble CD89 resulted in significant
glomerular proliferation and proteinuria in mice that express human IgA1. Soluble CD89 was
studied in humans as well. Levels of circulating IgA complexes (soluble CD89-IgA and
IgG-IgA) and free soluble CD89 were markedly increased in children with IgAN. Biopsies

revealed the presence of mesangial deposits containing soluble CD89 (Cambier et al., 2022).

1.2.4 Deposition of circulating immune complexes

Upon deposition, immune complexes containing IgAl stimulate mesangial
proliferation, release of angiotensin II and the local synthesis of cytokines, including
interleukin-6, tumor necrosis factor (TNF) alpha, tumor growth factor beta, macrophage

migration inhibitory factor (Chan et al., 2005; Lai et al., 2008; Lai et al., 2003). These molecules
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play a role in fostering inflammatory responses by attracting leukocytes and contributing to
both glomerular and tubulointerstitial fibrosis. Additionally, the complement system amplifies
glomerular inflammation. Immunohistochemical observations of deposits such as complement
component 3 (C3), properdin, C4d, mannose-binding lectin (MBL), and C5b-9 in
the mesangium of IgAN biopsy samples, along with the notable absence of Clq, provide
confirmation of the activation of the alternative and lectin pathways, as opposed to the classical
pathway (Rizk et al., 2019).

Indications of lectin pathway activation are reinforced by the detection of glomerular
staining for C4d in approximately 40 % of IgAN biopsies, when C1q is not present (Espinosa
et al., 2014). In vitro, polymeric IgA has the ability to bind MBL in a Ca2+-dependent manner,
likely facilitated by the N-linked glycans (Arnold et al., 2006). Additionally, there is reported
mesangial deposition of MBL, L-ficolin and MBL-associated serine proteases in 25 % of [gAN
biopsies (Roos et al., 2006).

In the majority of individuals with IgAN, C3 is deposited concomitantly with mesangial
IgAl. Activation of the complement system via the alternative pathway results in the build-up
of proteolytic fragments of C3, such as iC3b and C3d, induced by complement receptor 1, as
well as the deficiency of factor I (FI) and factor H (FH) (Maillard et al., 2015). FH and FI serve
as a plentiful regulator of complement activation, safeguarding host cells from self-attack by
the complement system. FH facilitates the proteolytic degradation of C3b by serving as
a binding platform for the FI, while concurrently stabilising the overall domain arrangement of
C3b (Wu et al., 2009). Data from genome-wide association studies supports evidence of
alternative pathway activation. The inheritance of a shared deletion in FH-related genes 1 and
3 (CFHR3,1-del) imparts additional protection against IgAN. Current data indicates
an association between CFHR3,1-del and elevated circulating FH levels, as well as decreased
levels of complement activation split products. Elevated FH levels also exhibit a positive
correlation with circulating C3 and a negative correlation with mesangial C3 deposition
(Zhu et al., 2015).

Activation of mesangial cells results in their proliferation, expansion of the matrix, and
subsequent indirect injury and apoptosis of podocytes. This, in turn, exacerbates interstitial
damage by enhancing the activation of tubular epithelial cells through increased TNF synthesis.
Furthermore, aldosterone, released from mesangial cells subsequent to the deposition of IgAl
immune complexes, collaborates with angiotensin II to induce apoptosis in renal tubular
epithelial cells. The angiotensin II derived from the mesangium sustains the tubulointerstitial

injury (Lai, 2012).
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1.2.5 Mucosal immune system

The gut microbiota, comprised of trillions of bacteria inhabiting the gut, plays a crucial
role in the host’s physiology and immunity (Sommer & Backhed, 2013). Mucosal secretory
IgA is instrumental in the host-microbiota mutualism, as it actively excludes pathobionts and
pathogens while limiting bacterial attachment to the epithelium (Mantis et al., 2011). Under
homeostatic conditions, IgA is predominantly produced by plasma cells located in the lamina
propria of the small intestine. Stimulation of the mucosal immune system can be prompted by
environmental stimuli, including infectious pathogens, autoinflammatory diseases, and
interactions with the existing mucosal microbiota (Haresh Selvaskandan, 2023).
The modulation of secretory IgA is governed by the surrounding cytokines, generated by
epithelial cells following TLR activation. Experimental findings indicate that the activation of
mucosal immune cells through TLRs enhance the expression of B-cell activating factor (BAFF)
and A Proliferation Inducing Ligand (APRIL), and facilitates the transformation of IgM+ B
cells into IgA-producing plasma cells (Hand & Reboldi, 2021).

BAFF and APRIL can be produced by intestinal innate immune cells and epithelial cells
and are necessary for B-cell maturation and survival. Multiple pieces of evidence support
the involvement of APRIL in regulating IgA induction (He et al., 2007). Mice lacking APRIL
and humans deficient in the APRIL receptor exhibited impaired IgA production (Castigli et al.,
2004; Castigli et al., 2005). In genome-wide association studies of IgAN, TNFSF13 (the gene
encoding APRIL) has been identified as a susceptibility locus. That correlated with elevated
serum levels of IgA (Kiryluk et al., 2014). Mice with elevated BAFF expression exhibited
increased levels of pIgA and displayed evidence of mesangial IgA deposition (McCarthy et al.,
2011). In IgAN patients are observed elevated serum BAFF levels, that are linked to more
severe renal histopathologic injury and lower eGFR (Xin et al., 2013). Genetic and epigenetic
changes, including dysregulation of microRNAs in B-cells, have been demonstrated to
influence the synthesis of Gd-IgA1. Therapies addressing these pathways are currently under

investigation for their effectiveness in IgAN (Figure 1.2).
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Figure 1.2 An overview of the pathophysiology of IgAN (Haresh Selvaskandan, 2023)

1.3  Clinical manifestations

The clinical manifestations of IgAN span a wide range, from asymptomatic microscopic
haematuria to rapidly progressive glomerulonephritis and ESKD. The usual presentation mode
varies based on age group and the practices employed in biopsy procedures.

Macroscopic haematuria can be the initial presentation of IgAN. The occurrence of
visible blood in the urine typically happens during episodes of upper respiratory tract infections
or, more rarely, after gastrointestinal tract infections. This situation is particularly distressing
for patients. Haematuria can appear and persist 3—7 days after extensive exercise (Varma et al.,
2014). This syndrome is observed in approximately 10-15 % of individuals, with a higher
prevalence in patients under the age of 40 (D’ Amico, 2004). Recurrent episodes of macroscopic
haematuria are generally linked to a favourable short-term prognosis (Le et al., 2014).

Asymptomatic microscopic haematuria is seen in 70—100 % of patients, especially in
children and young adults during the initial stages of their clinical progression (Coppo &
Fervenza, 2017). Patients exhibiting microscopic haematuria more commonly presented active
mesangial lesions with proliferative changes upon kidney biopsy. Nevertheless, subsequent
development of persistent proteinuria is associated with the potential progression of
the disease (Sevillano et al., 2017). Moderate proteinuria (1-3 g/day), haematuria with red cell
casts, reduced kidney function, hypertension and oedema are signs of another IgAN

manifestation — nephritic syndrome (Khanna, 2011).
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Nephrotic syndrome is observed in 5-10 % of individuals with I[gAN (Kim et al., 2012).
Renal function is typically maintained, and overt nephrotic syndrome characterised by oedema,
dyslipidaemia, and hypoalbuminemia is evident. Steroid responsiveness has been noted along
with a positive outlook reminiscent of minimal change disease (MCD) lesions.
In a particular group, 18 % out of 1368 individuals diagnosed with IgAN fulfilled the criteria
of this form of the disease: the presence of diffuse IgA-dominant mesangial deposits, minimal
changes in glomeruli as observed through light microscopy, and more than 50 % podocyte foot
process effacement. Importantly, none of these patients progressed to ESKD, in contrast to
9.2 % of those with IgAN exhibiting other manifestations of the disease, over a median
follow-up period of 2.6 years (Li et al., 2016). A comparable course of IgAN is observed in
other studies, indicating a favourable clinical outcome likely attributable to minimal
pathological changes (Qin et al., 2013). Serum Gd-IgA1 levels are lower in individuals with
nephrotic syndrome compared to those with non-MCD-IgAN, but higher than in healthy
participants. The deposition of Gd-IgAl in the glomeruli of individuals with MCD-IgAN had
a positive rate of only 13.7 %, contrasting with a significantly higher rate of 82.4 % in
participants with non-MCD-IgAN (Guo et al., 2023).

Rapidly progressive IgAN, according to the Kidney Disease: Improving Global
Outcomes (KDIGO) 2021 guidelines, is characterised by a >50 % decline in estimated
glomerular filtration rate (¢GFR) within a period of < 3 months, after excluding other causes of
rapidly progressive glomerulonephritis such as antineutrophil cytoplasmic antibodies (ANCA)
-associated vasculitis, anti-glomerular basement membrane disease, and reversible factors like
drug toxicity or common pre- and post-kidney disease causes. In such instances, a kidney biopsy
is crucial and typically reveals increased cellularity in both mesangial and endocapillary
regions, along with a significant percentage of glomeruli exhibiting crescents and focal necrotic
areas (Kidney Disease: Improving Global Outcomes Glomerular Diseases Work, 2021).
In one single centre study in China only 2.3 % (39/1677) of IgAN patients met mentioned
KDIGO 2021 criteria, a quarter of them had > 50 % crescents. Patients with rapidly progressive
IgAN and > 50 % crescents faced a greater risk of progressing to ESKD compared to those with

other origin rapidly progressive glomerulonephritis and > 50 % crescents (Yu et al., 2022).

1.4  Associated conditions

The incidence of secondary IgAN is not well established, particularly in comparison to
primary IgAN. Other diseases may play a role in the development of IgAN due to changes in
these pathogenesis components: exposure to antigen, synthesis of IgA, and the elimination of

circulating IgA-containing immune complexes (Pouria & Barratt, 2008). Surprisingly, no
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statistically significant differences were identified in plasma Gd-IgA1 or CIC levels between
primary IgA nephropathy and secondary IgA nephropathy (Wang et al., 2020). Secondary [gAN
can arise from various aetiologies, including liver, gastrointestinal, dermatological,
oncological, autoimmune, and respiratory diseases, along with iatrogenic, infectious, and
environmental factors (Saha et al., 2018).

Liver disease stands as the primary cause of secondary IgAN, with prevalence rates
varying based on factors such as cohort size, the aetiology of liver disease, demographics, and
criteria for kidney biopsy. In patients undergoing liver transplantation, IgAN has been detected
in 9-25 % of cases upon kidney biopsy (Axelsen et al., 1995; Calmus et al., 2012). Liver serves
as a primary site of catabolism of circulatory IgA. In patients with cirrhosis,
hypergammaglobulinemia may arise due to elevated synthesis and/or reduced clearance of
immunoglobulins. The liver’s innate and adaptive immune systems actively engage in clearing
pathogens, especially those originating from the gastrointestinal tract (Saha et al., 2018). Among
liver diseases, those of alcoholic origin are notably widespread. But secondary IgAN was also
described in Wilson's disease, haemochromatosis, autoimmune hepatitis (Tota et al., 2023).

Gastrointestinal Diseases like celiac disease, inflammatory bowel disease,
enterocolitis caused by Clostridium difficile has been linked to secondary IgAN.

Celiac disease is a chronic intolerance to gluten, marked by villous atrophy and
indications of immunological activation in the lamina propria of the jejunum. In celiac disease,
transglutaminase 2 (TG2) is an enzyme that oversees gliadin deamination and
the retrotranscytosis of IgA, mediated by transferrin receptor-1 (TfR1) across the epithelial
layer. Patients with celiac disease display elevated levels of circulating IgA and IgG antibodies
directed against gliadin (a component of gluten), endomysium (a substrate of TG2), and TG2.
The interaction between TG2 and TfR1 enhances the deposition of IgAl in the mesangium,
thereby promoting inflammation (Abbad et al., 2020).

Inflammatory bowel disease (IBD) is a condition marked by persistent inflammation of
the gastrointestinal tract. Crohn’s disease and ulcerative colitis are the two most common
subtypes. IgAN is the most frequently identified finding on renal biopsy in individuals with
IBD, followed by interstitial nephritis, arteriosclerosis, acute tubular injury, proliferative
glomerulonephritis, and minimal-change disease (Ambruzs et al., 2014).

Other autoimmune diseases: Sjogren’s syndrome, ankylosing spondylitis, Behcet’s
disease, rheumatoid arthritis, psoriasis. In the majority of patients, the rheumatologic diagnosis
either precede or is established concomitantly with the diagnosis of IgAN (Canetta, 2020).
The pathomechanism connecting IgAN and one of the mentioned diseases remains unclear

(Tota et al., 2023).
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Regarding viral infections, human immunodeficiency virus, hepatitis B and C viruses,
and Epstein-Barr virus (EBV) have been well-documented as triggers for secondary IgAN
developpment. Additionally, there have been several case reports suggesting associations
between hepatitis A and E viruses, and SARS-CoV-2 with I[gAN (Tota et al., 2023). In a recent
study, the role of the EBV in the pathogenesis of IgAN was investigated. Human B cells when
infected with EBV in vitro, secreted Gd-IgAl. Upon polyclonal stimulation, these cells
produced more Gd-IgA1l compared to cells from healthy controls. Surprisingly, in healthy
African Americans, EBV was detected predominantly in surface IgM- and IgD-positive cells.
This observation aligns with the fact that most African Blacks and African Americans acquire
EBV within the first two years of birth, a period when the IgA system is naturally deficient,
characterised by low serum IgA levels and a limited number of IgA-producing cells.
Consequently, EBV tends to infect cells secreting immunoglobulins other than IgA during this
early developmental stage. This study findings suggest that Epstein-Barr virus-infected [gA+
cells serve as the source of Gd-IgAl and contribute to the expression of relevant homing
receptors. Furthermore, the temporal sequence of racial-specific differences in EBV infection,
in relation to the naturally delayed maturation of the IgA system, provides insights into

the racial disparity observed in the prevalence of IgAN (Zachova et al., 2020).

1.5  The diagnosis of IgAN
The patient’s history, clinical presentation, and laboratory results indicate a potential
case of IgAN, but the definitive diagnosis is confirmed through renal biopsies, revealing diffuse

IgA deposits in the mesangium by routine immunofluorescence microscopy (Roberts, 2014).

1.5.1 Pathology

Glomerular changes observed under light microscopy vary widely. These features
include no or minimal abnormalities when examined under light microscopy, mesangial
hypercellularity, focal endocapillary proliferative changes (involving < 50 % of glomeruli),
diffuse endocapillary proliferative changes (involving >50 % of glomeruli), necrotising and
crescentic lesions, and, less commonly, patterns of injury resembling membranoproliferative
glomerulonephritis. Red blood cell casts may be linked with acute tubular injury. In the chronic
stages, there is a progression to focal or diffuse segmental and global glomerulosclerosis
accompanied by tubular atrophy and interstitial fibrosis (Working Group of the International
Ig, the Renal Pathology, Roberts, et al., 2009). The term ‘minimal abnormality’ is defined by
the absence of hypercellularity, sclerosis, or hyalinosis, and its frequency ranges between
855 %, reflecting differences in biopsy practices. This condition is typically observed in renal

biopsies from patients with isolated haematuria (Roberts, 2014).

24



Under electron microscopy, there is evidence of electron-dense material aligning with
IgA immune complexes in the mesangial and paramesangial regions of the glomeruli. In some
cases, additional deposits may be observed in the sub-endothelial and sub-epithelial areas of
the glomerular basement membranes (Kimura et al., 1984).

Immunofluorescent microscopy may detect glomerular IgG in addition to IgA deposits.
The prevalence of IgG positivity varies significantly among different cohorts, with reported
frequencies ranging from 15 % to 85 % within published series (Roberts, 2014). C3 is found in
over 90 % of biopsy samples, but typically Clq is absent (Medjeral-Thomas et al., 2021).
Glomerular deposits of the complement degradation product C4d are observed in 20-55 % of
IgA nephropathy biopsy samples (Barratt, Lafayette, Zhang, et al., 2023).

The pathological features of IgAN contain valuable prognostic information for
healthcare providers. An international collaboration between nephrologists and
nephropathologists introduced the Oxford Classification of IgAN, initially in 2009 with
an update in 2016 (Table 1.1). This classification system provides a structured and reproducible
scoring method for assessing the light-microscopy features observed in renal biopsy samples
(Trimarchi et al., 2017; Working Group of the International Ig, the Renal Pathology, Roberts,
et al., 2009).

Table 1.1
Updated Oxford classification of immunoglobulin A nephropathy
Histological Feature Definition Score
Mesangial hypercellularity £e3r (ﬁlzzzieg?aﬁ z(f:lecilllsleprélrh - ﬁ(l) § 28 Z/A(;

mesangial area
Increased number of cells

. . within glomerular capilla EO: Absent
Endocapillary hypercellularity lumina%:ausing narrozvin;yof El: Present
the lumina

Any amount of the glomerular
tuft involved in sclerosis, but S0: Absent

Segmental glomerulosclerosis not involving the whole tuft, or | S1: Present

the presence of an adhesion
Percentage of cortical area

TO: 0-25 % of cortical area

Tl aopty sl ncled by oy o | 1.2 550 ot
. ’ T2: > 50 % of cortical area
18 greater
Percentage of glomeruli with CO0: Absent

Ccreelslgéi{[ or fibrocellular cellular or fibrocellular C1: <25 % of glomeruli
crescent C2: > 25 % of glomeruli

Focal or diffuse mesangial hypercellularity (M) is commonly observed in the majority
of renal biopsies from patients with IgAN. This heightened mesangial cellularity often
coincides with an accompanying increase in mesangial matrix, which may be disproportionate

to the increase in cellularity.
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Endocapillary hypercellularity (E), characterised by an elevated number of cells
within glomerular capillaries leading to luminal narrowing, is present in approximately
one-third of biopsy samples, usually in a focal pattern. This hypercellularity may indicate
proliferation, inflammatory cell infiltration, or swelling of endothelial cells.

Segmental glomerulosclerosis (S), defined histologically as the occlusion of capillary
lumina by extracellular matrix in a portion of a glomerulus, is a common observation in IgAN.

Tubular atrophy (T) stands out as the most dependable histological indicator of
an unfavourable outcome. The tubulointerstitium may appear nearly normal in the early stages
of the disease. Elevated levels of proteinuria are linked to the presence of protein resorption
droplets in tubular epithelial cells and tubular injury. As disease progresses, tubular injury leads
to a fibroproliferative peritubular response, infiltration of mononuclear inflammatory cells, and
eventually the establishment of interstitial fibrosis and tubular atrophy.

Cellular crescents (C) are extracapillary proliferative lesions, characterised by
the proliferation of cells in Bowman’s space with more than two cell layers. These lesions are
found in approximately one-third of IgA nephropathy biopsies. However, the percentage of
glomeruli containing crescents is typically low (Roberts, 2014; Working Group of
the International Ig, the Renal Pathology, Roberts, et al., 2009).

Validation studies conducted globally have revealed regional variations in
histopathological findings as well. Active lesions like endocapillary hypercellularity (E) and
crescents (C) are more commonly observed in Asian cohorts compared to those in Europe.
In the Japanese cohort, E lesion was present in 42 % of cases, contrasting with 10-14 % in
the European cohort. Similarly, C lesion was observed in 48 % of cases in the Chinese cohort and

63 % in the Japanese cohort, in contrast to only 17 % in the European cohort (Lee et al., 2023).

1.5.2 Diagnostic biomarkers

Biopsy, essential for confirming the diagnosis, is an invasive procedure requiring
a hospital visit and carrying a risk of complications. Consequently, the exploration of
non-invasive diagnostic markers is crucial for evaluating disease severity and progression.

Serum Gd-IgA1l levels stand out as promising candidates to potentially become
diagnostic biomarkers for IgA nephropathy due to their pivotal role in the initial stages of
the disease pathogenesis. They correlate with disease severity and can predict CKD progression
(Kim et al., 2020; Zeng et al., 2023). However, it is not Gd-IgA1 but the normalised serum
IgG antiglycan autoantibody level that indicates a higher risk of IgAN recurrence in transplant

recipients (Berthoux et al., 2017).
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Serum markers of complement activation have also been explored: diminished
circulating levels of C3 (likely reflecting more intense C3 deposition) have been associated
with a decline in kidney function (Wu et al., 2021). However, combining Gd-IgA1 with C3
concentration may enhance its prognostic value. The plasma Gd-IgA1:C3 ratio has been
identified as an independent marker of IgAN progression, particularly in Asian population
(Chen et al., 2019). An elevated ratio is apparently an effective predictor of IgAN diagnosis,
especially in patients with proteinuria < 1 g/d (Gong et al., 2019).

MicroRNAs (miRNA) in urinary sediment have been explored as noninvasive
biomarkers of [gAN. MiRNAs, ranging from 21 to 23 nucleotides in length, are short noncoding
RNA molecules. They play a crucial role in regulating gene expression at
the post-transcriptional level and are involved in diverse cellular functions, such as cellular
proliferation, apoptosis, and differentiation (Szeto & Li, 2014). The urinary miR-106a has been
found to be a potential liquid biomarker, that demonstrated 100 % sensitivity, but only 14.8 %
specificity in detecting IgAN (Szeto et al., 2022). In another research study, 39 miRNAs were
identified for the diagnosis of IgAN, and among them, urinary miR-204 exhibited the highest
diagnostic accuracy. It showed 100 % sensitivity and 55 % specificity (Szeto et al., 2019).
Furthermore, the expression of miR-204 correlated with established clinicopathological
prognostic risk factors and exhibited distinct expression patterns in kidney tissue, showing

increased interstitial expression in non-progressive IgAN (Pawluczyk et al., 2021).

1.5.3 Differential diagnosis

IgA vasculitis (IgAV), formerly known as Henoch-Schonlein purpura, is the most
prevalent systemic vasculitis in children. The annual incidence of IgAV is 10-20 per 100 000
in children under 17 years of age, peaking at 4—6 years of age (Gardner-Medwin et al., 2002).
Although adults of all ages may be affected, they account for only 10 % of all IgAV cases
(Blanco et al., 1997). IgAV is characterised by the combination of cutaneous manifestations
(palpable purpura), gastrointestinal symptoms (colicky pain, bloody stools), and joint
involvement (arthralgia). More infrequently, there may be observed neurological, pulmonary,
or urological involvement (Ozen et al., 2010). The long-term prognosis of the disease is
contingent on the presence of renal impairment and its progression. From a histological
standpoint, it is not possible to differentiate a glomerulonephritis as part of IgAV from IgAN
(Pillebout, 2021).

Staphylococcus infection-associated glomerulonephritis is termed based on
the apparent cause of infection, while it is referred to as immunoglobulin A-dominant

deposition infection-related glomerulonephritis considering its histopathology. This form of
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glomerulonephritis typically manifests as rapidly progressive glomerulonephritis or acute
kidney injury, featuring diverse levels of proteinuria and microscopic haematuria in conjunction
with an ongoing S. epidermidis, S. aureus or methicillin-resistant S. aureus infection. Renal
pathology reveals several types of mesangial and/or endocapillary proliferative
glomerulonephritis, varying degrees of crescent formation, and tubulointerstitial nephritis.
Immunofluorescence examinations have detected IgA, IgG, and C3 staining in the mesangium

and along the glomerular capillary walls (Takayasu et al., 2022).

1.6 Prognosis in IgAN

Some individuals with IgAN achieve sustained clinical remission characterised by
normal renal function, normal urinalysis, and blood pressure. Despite this clinical improvement,
subsequent renal biopsies typically show persistent glomerular IgA deposits (Hotta et al., 2002).
However, in children, who experienced clinical remission and underwent a second biopsy, there
was an observed improvement in glomerular changes under light microscopy, with
the disappearance or reduction of IgA deposits in the mesangium (Yoshikawa et al., 1990).

Adverse outcomes, such as dialysis or death, have been associated with the simultaneous
presence of three risk factors at the time of renal biopsy: proteinuria > 1 g/day, sustained
hypertension, and the severity of renal involvement determined by the revised Oxford
Classification (Berthoux et al., 2011). The M, S, and T scores demonstrated independent
predictive capabilities for the rate of GFR decline and the composite endpoint of either
progression to ESKD or a 50 % decline in eGFR. This association was also observed with
endocapillary hypercellularity in patients who had not undergone immunosuppression,
indicating potential responsiveness to immunosuppressive therapy (Working Group of
the International Ig, the Renal Pathology, Cattran, et al., 2009). In 2016, a fifth feature,
glomerular crescents, was incorporated into the Oxford Classification following multiple
studies suggesting its status as an independent predictor of renal outcomes (Trimarchi et al.,
2017). The identification of crescents in 1-24 % of glomeruli indicates patients who are at risk
of experiencing adverse renal outcomes if not subjected to immunosuppressive treatment
(Haas et al., 2017).

The Original International IgAN Prediction Tool (IIgANPT) was published in 2019,
based on a large international multiethnic cohort that included 3927 patients with
biopsy-confirmed idiopathic IgAN. Using data from the derivation cohort, two models (one that
included patient race/ethnicity, and one that did not) were developed to predict a primary
composite outcome of a 50 % decline in eGFR or kidney failure (defined as eGFR

<15 ml/min/1.73 m? by CKD-EPI, dialysis or kidney transplantation) at the time of biopsy
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(Barbour et al., 2019). The IIgANPT is awaiting validation as a tool for guiding treatment
decisions. Nevertheless, the KDIGO Management of Glomerular Diseases 2021 guidelines
recognise its value in assisting patient counselling and facilitating shared decision-making
(Kidney Disease: Improving Global Outcomes Glomerular Diseases Work, 2021).

To perform the aforementioned calculation, the following patient clinical data are
necessary: eGFR, systolic and diastolic arterial blood pressure, daily proteinuria, age, race,
history of angiotensin-converting enzyme inhibitor (ACEI) or angiotensin II receptor blocker
(ARB) use at the time of biopsy, MEST score of the renal biopsy according to the Oxford
classification, use of immunosuppressive therapy at or before the time of biopsy, and the time
period (usually between 12 and 60 months) over which we aim to determine the risk of
progression of kidney injury. By inputting this clinical data, the calculator provides an estimate
of the risk over a specified time period (e. g. 60 months) for eGFR to decline by 50 % or for
the disease to progress to kidney failure (Barbour et al., 2019).

In 2021, the IIgANPT was updated for use in children (age <18 years) with data
collected from a multiethnic cohort recruited from Asia, Russia, Europe, and North America
predicting the risk of a 30 % decline in eGFR or ESKD in children with IgAN (Barbour et al.,
2021). Following additional external validation analyses, an updated Prediction Tool was
published. This tool can be utilised for risk stratification one- or two-years post-biopsy,
specifically for those patients who did not receive immunosuppressive treatment during this
period (Barbour et al., 2022).

Initially considered a benign disease, it is now understood that IgAN leads to
progressive renal disease in approximately 20—40 % of patients within 5 to 25 years after
diagnosis, culminating in end-stage renal disease (Rychlik et al., 1999). In a single-centre study
conducted in Japan, 50 % of the 1012 analysed patients progressed to ESKD within 30 years,

despite receiving treatment (Moriyama et al., 2014).

1.7  Treatment of IgA nephropathy

Independently of the initial injury, renal disease progression is sustained by common
mechanisms that, initiated by nephron loss, result in compensatory glomerular haemodynamic
changes. Elevated intraglomerular capillary pressure and perfusion pressure cause mechanical
damage to the three major cell types in the glomerulus — podocytes, endothelial cells, and
mesangial cells — resulting in impaired selectivity of the glomerular capillary wall and excessive
protein ultrafiltration (Hostetter, 1995). Certainly, glomerular capillary hypertension is
frequently sustained by angiotensin-dependent mechanisms, achieved through heightened

systemic blood pressure and constriction of the efferent arterioles. In addition to inducing
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glomerular hypertension, angiotensin II has been proposed to directly contribute to progressive
renal damage through various means, such as enhanced extracellular matrix deposition, immune

activation, and the release of growth factors (Ma & Fogo, 2007).

1.7.1 Supportive care

The 2021 KDIGO guidelines recommend optimised supportive care as the initial
management approach. This involves reducing proteinuria by optimising blood pressure and
maximising single-agent renin-angiotensin system inhibition (RASi). There are no specific
blood pressure targets specifically aimed at improving disease progression; however, is
recommended a blood pressure target of <120/80 mmHg for all glomerular diseases.
Additionally, addressing lifestyle and cardiovascular risk factors, such as body weight, dietary
salt restriction to <2 g/day, smoking cessation, and lipid management, is emphasised. Apart
from restricting dietary sodium, there is no evidence to support the effectiveness of any specific
dietary intervention in influencing outcomes.

If the patient exhibits proteinuria exceeding 0.5 g/d, it is recommended to initiate
therapy with either an ACEI or an ARB, regardless of whether hypertension is present
(Kidney Disease: Improving Global Outcomes Glomerular Diseases Work, 2021). This
recommendation is supported by randomised controlled clinical trials in IgAN, indicating
a superior renal outcome in patients treated with enalapril compared to non-RASi
antihypertensives, or benazepril compared to placebo (Coppo et al., 2007; Praga et al., 2003).
The STOP-IgAN trial revealed no additional benefit with dual blockade and, in fact, observed
higher levels of proteinuria throughout the 3-year trial phase (Lennartz et al., 2020).

The addition of sodium-glucose cotransporter 2 inhibitors (SGLT2i) to standard
treatment has been suggested as a safe and effective approach for patients with IgAN.
Renoprotective effects include influencing renal haemodynamics through the inhibition of
sodium and glucose reabsorption in the proximal tubule. Natriuresis induces a reduction in
preload and plasma volume, resulting in a modest decrease in blood pressure. Furthermore,
the vasoconstriction of the afferent arteriole, mediated by tubuloglomerular negative feedback,
leads to a decrease in intraglomerular pressure, glomerular hyperfiltration and proteinuria level
(Heerspink et al., 2016). Drawing from the outcomes of the DAPA-CKD trial, it was observed
that dapagliflozin mitigated albuminuria by 26 % and notably diminished the risk of major
adverse kidney events by 71 % in patients with [IgAN compared to the placebo group (Wheeler
et al., 2021). In one recent study a significant reduction in proteinuria was observed, with
a decrease of 22.9 % at three months and 27.1 % at six months after SGLT2i administration

in IgAN patients receiving full dose of ACEI or ARB therapy (Dong et al., 2023).
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In the EMPA-KIDNEY trial, 6609 patients with chronic kidney disease were enrolled,
including 817 (12.4 %) with IgAN. Among IgAN patients receiving Empagliflozin 10 mg/day,
the mean eGFR slope was —2.33, compared to —4.12 in the placebo group. This led to a relative
reduction in the chronic rate of eGFR decline of 43 % (Group, 2024).

Sparsentan is an oral dual endothelin and angiotensin II receptor antagonist that was
approved by the Food and Drug Administration (FDA) in 2023 for high-risk IgAN patients.
Endothelin 1 (ET1) is a potent vasoconstricting agent produced by endothelial cells and others,
in kidneys by glomerular epithelial, mesangial and medullar collecting duct cells (Dhaun et al.,
2006). In the Phase 3 PROTECT trial, patients with I[gAN exhibiting proteinuria of at least 1 g
per day, despite maximal RASi for a minimum of 12 weeks, were randomly assigned to receive
either sparsentan or irbesartan. The substantial reduction in proteinuria observed at 36 weeks
was sustained throughout the study duration. After 2 years, the urinary protein-to-creatinine
ratio (UPCR) was 40 % lower in the sparsentan group compared to the irbesartan group, with

percentages of —42.8 % and —4.4 %, respectively (Rovin et al., 2023).

1.7.2 Immunosuppressive treatment

Glucocorticoid therapy despite decades of reports is still debated and controversial.
Guidelines suggest that patients with eGFR > 30 ml/min/1.73 m? who persist at a high risk of
progressive CKD, currently defined as proteinuria > 0.75—1 g/d in period over 90 days of
optimised supportive care, should be evaluated for a 6-month course of glucocorticoid therapy.
Additional indications for glucocorticoids include their use in cases of rapidly progressive
IgAN, often in combination with cyclophosphamide. Glucocorticoids are also considered for
IgAN cases that present with nephrotic syndrome and exhibit features resembling minimal
change disease in both light and electron microscopy (Kidney Disease: Improving Global
Outcomes Glomerular Diseases Work, 2021).

Multiple randomised controlled trials (RCTs) have assessed the impact of

glucocorticoids in IgAN, yielding diverse outcomes. The two latest of them are:

e Inthe STOP-IgA trial after a 6-month of supportive care patients who had persistent
proteinuria with urinary protein excretion of at least 0.75 g per day were randomly
assigned to receive supportive care alone (supportive-care group) or supportive care
plus immunosuppressive therapy (immunosuppression group) for 3 years.
In the immunosuppression group, individuals with an eGFR > 60 ml/min were
administered glucocorticoids, while those with an eGFR between 30-60 ml/min
received prednisolone and cyclophosphamide for 3 months and azathioprine from

3 to 36 months. The introduction of immunosuppressive therapy to comprehensive
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supportive care in high-risk IgAN patients did not lead to a significant improvement
in outcomes. Over the 3-year study period, individuals receiving immunosuppressive
therapy experienced more adverse effects, with no alteration in the rate of decline in
the eGFR (Rauen et al., 2015). The rates of eGFR loss over 40 % and annual eGFR loss
did not differ between groups over a follow-up of up to ten years (Rauen et al., 2020).

The Therapeutic Evaluation of Steroids on IgA Nephropathy Global (TESTING)
study was a multicentre, double-blind, randomised controlled clinical trial involving
patients with IgAN, proteinuria exceeding 1 g/day despite 3 months of optimised
RASI supportive care, and an eGFR between 20 and 120 ml/min per 1.73 m?2.
Participants were randomly assigned to receive oral corticosteroids
0.6-0.8 mg/kg/day or a placebo for 6 months. The study was terminated prematurely
following an interim analysis that revealed a higher risk of death with corticosteroid
treatment, including two fatalities in the corticosteroid group compared to none in
the placebo group. There appeared to be a benefit of corticosteroids, showing
a significant reduction in the risk of a 40 % drop in eGFR or progression to ESKD.
While the results suggested potential renal benefits, definitive conclusions regarding
treatment benefits cannot be drawn due to the premature termination of the trial
(Lv et al., 2017). Due to safety concerns, the TESTING study group modified
the trial protocol for treatment with a reduced dose of methylprednisolone
(0.4 mg/kg/day). Steroids demonstrated effectiveness in delaying major kidney
events (ESKD) and improving kidney outcomes (eGFR and proteinuria decline) in
IgAN, with benefits that seem to outweigh the slightly increased risk of

steroid-related serious adverse events compared to the placebo (Lv et al., 2022).

The use of mycophenolate mofetil (MMF) is currently recommended only in Chinese

population as a steroid-sparing agent (Kidney Disease: Improving Global Outcomes

Glomerular Diseases Work, 2021). It is an antimetabolite that reduces the B- and T-cell

proliferation and decreases antibody production. A Chinese trial comparing MMF with steroids

showed greater reduction in proteinuria in the MMF group patients with protein excretion

exceeding 2 g/day (Chen et al., 2002). Similar results demonstrating the benefits of

the combination of MMF and steroids were recently published based on a retrospective analysis

with a 6-year follow-up of [gAN patients at Mayo Clinic (USA) (Miao, 2024). After 12 months

of treatment with MMF and RAS;, there was a significantly reduced risk of disease progression

compared with RASi alone in patients with progressive IgAN: 8.2 % and 27.1 %, respectively

(Hou et al., 2023). However, placebo-controlled randomised studies conducted in Europe

showed no beneficial effects of MMF (Maes et al., 2004).
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The targeted-release formulation of budesonide (TRF-budesonide) is an oral variant of
budesonide specifically engineered to release its contents at the terminal ileum. This design
allows for localised delivery of the medication to Peyer’s patches, the gut-associated lymphoid
tissue, recognised as a key site for IgA production. After absorption, roughly 70 % of the active
compounds in TRF-budesonide are released in the distal ileum and proximal colon. These
compounds undergo initial metabolism in the liver through the cytochrome P450 isoenzyme
CYP3A4/CYP3AS, resulting in the production of compounds with low glucocorticoid activity
(16a-hydroxyprednisone and 6-B -hydroxybudesonide) (Smerud et al., 2011). FDA and
European Medicine Agency (EMA) gave conditional approval for this medication for [gAN at
risk of rapid disease progression with a UPCR > 1.5 g/g (Liao et al., 2022). Three randomised
controlled trials showed eGFR and proteinuria treatment benefit. The initial results of
TRF-budesonide use over a 6-month period were published in 2011, revealing a median
reduction in albuminuria by 40 % (Smerud et al., 2011). In a dose-dependent manner,
the addition of TRF-budesonide at a dosage of 16 mg/day, combined with optimised RAS
blockade, demonstrated greater efficacy (Fellstrom et al., 2017). After 9 months of therapy,
TRF-budesonide significantly decreased UPCR compared to placebo (27 % lower in
the budesonide group). Additionally, there was a benefit in eGFR preservation corresponding
to a 3.87 ml/min/1.73 m? difference versus placebo (Barratt, Lafayette, Kristensen, et al., 2023).

As per KDIGO guidelines, there is no documented evidence of efficacy for azathioprine,
cyclophosphamide (unless rapidly progressive IgAN), calcineurin inhibitors, or rituximab

(Kidney Disease: Improving Global Outcomes Glomerular Diseases Work, 2021).

1.7.3 Medications under clinical development

Several new drugs are now under clinical development for treating IgAN. These include
agents inhibiting the complement system, the GAS6-AXL signalling pathway, anti-APRIL,
anti-B-lymphocyte stimulator monoclonal antibodies, tyrosine kinase and NLR Family Pyrin
Domain Containing 3 inflammasome inhibitors (Locatelli et al., 2023). The results of the trials
mentioned in Figure 1.3 could significantly alter the future of IgAN’s treatment paradigm

(Noor et al., 2023).
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Drug Mechanism Sponsor Study Phase
Methylprednisolone Glucocorticoid George Institute  TESTING-ON -
TRF- budesonide Targeted glucocorticoid Calliditas NeflgArd-OLE 3
Sparsentan endothelin A + angiotensin Il type 1 receptor antagonist Retrophin PROTECT 3
Atrasentan endothelin A receptor antagonist Chinook ALIGN 3
Narsoplimab (OMS721) Anti MASP-2 mAb Omeros Artemis-IgAN 3
Iptacopan (LNP023) Factor B inhibitor Novartis APPLAUSE 3
IONIS-FB-LRx antisense inhibitor of factor B mRNA lonis 2
Cemdisiran anti-CS siRNA Alnylam 2
Ravulizumab Anti-C5 mAb Alexion SANCTUARY 2
Vemircopan (ALXN2050) Oral Factor D inhibitor Alexion 2
KP104 C5 / Factor H Bifunctional mAb Kira 2
Sibeprenlimab (VIS649) humanized migG2 anti-APRIL Visterra/Otsuka  Visionary 3
Telitacicept Fusion TACI-lg anti-APRIL/BAFF Remegen g}
Atacicept Fusion TACI-Ig anti-APRIL/BAFF VeraTh-peutics ORIGIN 2
BION-1301 humanized migG4 anti-APRIL Chinook 1-2
Felzartamab Human Anti-CD38 Antibody Morphosys IGNAZ 2

Figure 1.3 Clinical trials of novel medications

1.7.4 Tonsillectomy

According to KDIGO guidelines, the performance of tonsillectomy as a treatment for
IgAN in Caucasian patients is not recommended due to a lack of sufficient data in this
population. The existing data fail to provide support for the efficacy of tonsillectomy in both
Caucasian and Chinese patients. However, in Japan, tonsillectomy is routinely conducted as
multiple cohort studies have reported enhanced kidney survival and partial or complete
remission of haematuria and proteinuria following tonsillectomy alone or usually in

combination with pulsed glucocorticoids (Kidney Disease: Improving Global Outcomes

Glomerular Diseases Work, 2021).
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2 Materials and methods

2.1 Patient characteristics

This study consists of three parts: the first, a retrospective cohort study, focuses on
kidney survival analysis and its prediction; the second, a case-control study, addresses B cell
differentiation pathways; and the third, a cross-sectional study with an embedded prospective
cohort component, examines gut microbiome features in patients with IgA nephropathy.
The study structure, including the number of patients involved in each part and the analyses
performed, is illustrated in Annex 1. Adults with histologically proven IgAN selected from
renal biopsy registry at Pauls Stradins Clinical University Hospital, Latvia, were enrolled in
the study. This is the only centre for kidney diseases in Latvia that confirms the diagnosis of
IgAN in adults; therefore, the IgAN patient cohort is representative of Latvian adults with
IgAN. Pathohistological investigation of kidney samples was performed using light
microscopy, immunofluorescence, and electron microscopy. Kidney biopsy results were
analysed according to revised Oxford classification (MEST-C score): mesangial
hypercellularity (M), endocapillary cellularity (E), segmental sclerosis (S), interstitial
fibrosis/tubular atrophy (T) and crescents (C) (Trimarchi et al., 2017). The decision to perform
the biopsy as well as a treatment management were determined by the treating physician based
on the specific indications: impaired kidney function or changes in urinalysis.

Renal survival and validation of [IgANPT (Barbour et al., 2019) was studied in adults
diagnosed with IgAN from 2013 to 1 November 2019. Kidney survival was defined as having
a GFR > 15 ml/min/1.73 m? within 5 years after the biopsy. Predicted risk was defined as a risk
of 50 % decline in eGFR or ESKD calculated by the IIgANPT. Observed risk was a risk of
50 % decline in eGFR or ESKD calculated by the Cox regression model considering the same
parameters as in the [IgANPT.

To study gut microbiome characteristics and mechanisms of IgA+ B cell differentiation,
IgAN patients and age- and sex-matched healthy volunteers were enrolled from January 2020
to December 2022. The healthy controls (HC) had age-appropriate kidney function, with no
active urine sediment and no presence of proteinuria. Exclusion criteria of both group
individuals were pregnancy, diabetes mellitus, severe organ dysfunction, acute cardiovascular
disease, hepatic diseases, acute or chronic autoimmune or infectious diseases,
immunodeficiency, malignancies, alcohol abuse. All participants provided written informed
consent.

Medical records were reviewed up to March 2024 to calculate the decrease in eGFR

during the follow-up period. Progressors were defined as patients with an eGFR decline
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of more than 5 ml/min/1.73 m%/year, whereas nonprogressors had an eGFR slope of
5 ml/min/1.73 m*/year or less.

Ethics Committee permission. Retrospective and prospective studies were approved
by Clinical Research Ethics Committee of Pauls Stradins Clinical University Hospital
(Approval No 100118-10L and No 191219-6L) (Annexes 2 and 3).

2.2 Clinical laboratory tests

Serum creatinine, albumin and total cholesterol were measured on Atellica CH (Siemens
Healthineers, Erlangen, Germany). eGFR was calculated using the CKD-EPI Creatinine 2009
(in data analysis before 2021) and 2021 Equation. Serum IgA was measured on Atellica NEPH
630 (Siemens Healthineers, Erlangen, Germany). Proteinuria was determined by spot
protein-to-creatinine ratio (UPCR). Assessment of protein in urine was performed on Cobas
Integra 400 Plus (Roche Diagnostics GmbH, Mannheim, Germany). Red blood cell count in
urine was determined on Atellica 1500 automated urinalysis system (Siemens Healthineers,
Erlangen, Germany). The complete blood counts were performed on ethylenediaminetetraacetic
acid (EDTA)-treated peripheral blood samples using UniCel DxH cellular analysis system
(Beckman Coulter, Miami, FL, USA). The Gd-IgA1 level in the serum was measured using
ELISA kit (Gd-IgA1 Assay Kit-IBL 30111694, IBL International GmBH, Germany) following
the manufacturer’s instructions. The samples were diluted 200-fold with the provided EIA
buffer, to obtain biomarker levels within the measurement range of the kit (1.56—100 ng/ ml).

Serum LPS levels were detected by ELISA (MyBioSource MBS702450, San Diego, CA, USA).

2.3 Analysis of the differentiation of IgA+ plasmablasts
Peripheral blood mononuclear cell (PBMC) isolation and serum collection

Peripheral blood was obtained from study participants. Serum from tubes with
coagulation activator was isolated by centrifugation and was either used immediately or stored
at —80C. PBMCs were isolated from heparinised blood by density gradient centrifugation using
Histopaque-1077 (Sigma-Aldrich, St. Louis, USA). After washing with complete RPMI-1640
(10 % foetal bovine serum and 1 % penicillin-streptomycin in RPMI-1640), PBMCs were
resuspended in freezing media (90 % foetal bovine serum and 10 % dimethyl sulfoxide) and
cryopreserved. All laboratory analyses were done in the Joint Laboratory at Pauls Stradins
Clinical University Hospital (Riga, Latvia).
Immunophenotyping of peripheral blood B cells by flow cytometry

Using antibodies against CD24, CD27, CD38 and IgD we were able to enumerate
transitional (CD24hiCD38hi), mature naive (CD24intCD38int), activated (CD241oCD38lo),
and total memory (CD24hiCD38lo) B cells, including class-switched (IgDneg) and unswitched
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(IgDpos) subsets, double negative (IgDnegCD27neg) B cells, pre-plasmablasts
(CD2410CD38hi) and plasmablasts (CD27posCD38hi). We further interrogated IgA, CD21, T-
bet, Ki-67 expression in B cell subsets. Briefly, for PBMC viability LIVE/DEAD Fixable Near-
IR Dead Cell Stain Kit was used (Invitrogen, MA, USA). Nonspecific staining was prevented
with Fc receptor blocking reagent (Miltenyi Biotec, Bergisch Gladbach, Germany). The cells
were incubated with antibodies for 40 minutes at 4°C, afterwards unbound antibodies were
removed by two washes with flow cytometry staining buffer (2 % fetal bovine serum and 2 mM
EDTA in phosphate-buffered solution (PBS)) and fixed with PBS containing 2 %
formaldehyde.

For intracellular and transcription factor staining, cells were fixed and permeabilised
using the Foxp3/Transcription Factor Staining Buffer Set (00-5523-00, eBioscience) followed
by incubation with antibodies diluted in permeabilisation buffer for 50 minutes at 4°C. Samples
were acquired on the Navios EX flow cytometer (Beckman Coulter, Inc., Brea, CA, USA) and
analysed with FlowJo software (BD Life Sciences). For the detection of GdIgA1 in B cells, we
stained PBMCs with AlexaFluor 488-labelled (ReadyLabel Antibody Labeling Kit R10712,
Invitrogen, Waltham, MA, USA) monoclonal antibody [Gd-IgA1 (KM55)-IBL 30117066, IBL
Japan, Gunma, Japan] or isotype control (MAB0061, R&D Systems, Minneapolis, MN, USA)
for 40 min at 37 °C. To evaluate Gd-IgA1 expression in plasmablasts, cells were permeabilised
using the Foxp3/Transcription Factor Staining Buffer Set and stained intracellularly with
anti-Gd-IgA1 antibody or isotype control. Both anti-Gd-IgA1 and isotype control were used at

a final concentration of 67 pg/ml.

24 Gut microbiome analysis
Stool sample collection, microbial DNA isolation and shot-gun sequencing of DNA libraries
Stool samples were collected in two aliquots using sterile, buffer-free collection tubes.
Each participant documented the precise date and time of sample collection. The samples were
then aliquoted into cryogenic storage vials and stored at —80°C until analysis.
The extraction of microbial DNA was carried out using the MGISP-960 Automated Sample
Preparation System (MGI Tech Co., Ltd., Wuhan, China) and the MagPure Stool DNA LQ Kit
(Angen Biotech Co., Ltd., Guangzhou, China). DNA library preparation was performed using
the MGIEasy Universal DNA Library Prep Set (MGI Tech Co., Ltd., Wuhan, China)
following the manufacturer’s instructions. The subsequent sequencing was conducted on
the DNBSEQ-G400RS platform using the DNBSEQ-G400RS high-throughput sequencing set
(PE 150) (MGI Tech Co., Ltd., Wuhan, China), which provides at least 20 million 150 bp

paired-end sequencing reads per sample. The quantity and quality of the DNA were assessed
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using a Qubit 2.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA) and the Agilent
2100 Bioanalyzer System (Agilent Technologies, Santa Clara, CA, USA), respectively.

2.5 Statistical analysis

Statistical analyses were conducted using GraphPad Prism 9 (La Jolla, CA, USA), IBM
SPSS Statistics 22.0 and 26.0 0 (IBM Corp., USA), and R-Studio version 4.0.1 (R Core Team
(2020): R: A language and environment for statistical computing; R Foundation for Statistical
Computing, Vienna, Austria. Data distribution was assessed by the Shapiro-Wilk test and
normal Q-Q plots. Normal distributed data were expressed as mean = SD. Not normally
distributed data were presented as median and interquartile range. For normally distributed and
homogenous data, independent samples t-test was used; when data were not normally
distributed, Mann-Whitney U test was used. Spearman’s rank correlation test was used to
interrogate statistical significance in correlations. Results were considered statistically
significant at p <0.05.

Kidney survival was analysed using the Kaplan-Meier method, and statistical
comparisons were made using the log-rank test. Episode rates per patient-year were calculated
in two patient groups in the five-year analysis: (1) those included in the Kaplan—Meier analysis
and (2) Cox regression model.

To compare real patient data with the IIgANPT, the following analyses were performed:

1 Observed risk was calculated using the Cox regression model.

2 Intraclass correlation coefficient was used to assess the strength of agreement

between the IIgANPT predictions and the Cox regression results.

3 Differences between predicted and observed risks were calculated and interpreted as

follows:

e a negative difference indicated that the IIgANPT assigned a lower risk than
the observed risk,

e a positive difference indicated that the IIgANPT assigned a higher risk than
the observed risk.

For metagenomic shotgun sequencing data read quality evaluation and trimming was
done using fastp v0.20.0 (Chen et al., 2018) with default parameters and by retaining only those
reads that passed the 100 bp length requirements after the trimming. Host read contamination
was controlled by mapping the reads against a Homo sapiens GRCh38 reference genome with
Bowtie2 v2.3.5.1 (Langmead & Salzberg, 2012) and removing the mapped reads. Taxonomic
classification was performed by using Kracken2 v2.0.8 (Wood et al., 2019) with a confidence

parameter set at 0.1 in accordance with the Unified Human Gastrointestinal Genome (UHGG)
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(Almeida et al., 2021) collection. Functional profiling was carried out using the HUMAnN 3.0
(Beghini et al., 2021) software.

Statistical analysis for the phylum, genus and species taxonomic levels was performed
by using the phyloseq v1.48.0 (McMurdie & Holmes, 2013) microbiome analysis environment.
First, we performed frequency and prevalence filtering to exclude taxa that had no counts in
any of the samples and samples that had no counts in any of the detected taxa. Alpha diversity
indices were calculated using the microbiome v1.26.0 (Lahti & Shetty, 2012-2019) package,
which was subsequently used as an input for the Wilcoxon rank sum test in the ggpubr v0.6.0
(Kassambara, 2023) package with Benjamini-Hochberg p-value correction. Sample and
group-level taxon proportion plots were produced from proportionally transformed counts
using the MicrobiotaProcess v1.16.1 (S. Xu et al., 2023) package. Aitchison’s distance was
calculated and plotted as a principal component analysis (PCA) plot for taxa passing the 10 %
sample prevalence threshold using the MicroViz v0.12.5 (Barnett et al., 2021) package to
represent the beta diversity results. Significant covariate detection was performed via
the canonical correspondence analysis (CCA) ordinance method and PERMANOVA test
within the MicroViz package, with 99999 permutations. The resulting significant covariates
were included in the MaAsLin2 v1.18.0 (Mallick et al., 2021) design formula for the negative
binomial analysis method of differentially abundant taxa detection with trimmed mean
normalisation applied beforehand, while the default values of the remaining parameters were
used, except for increasing the taxon prevalence threshold from 10% to 33 % in
the case-control species level test, to reduce the number of sporadic results. The same analysis
methodology was applied to investigate the functional alterations in our experimental group.
The default false discovery rate (FDR) threshold in MaAsLin2 is <0.25, with taxon-level
associations below this value considered statistically significant in microbiome studies,
requiring further validation (Stewart et al., 2018). Visualisations were created using ggplot2

v3.5.1 (Wickham, 2016) or the previously specified packages.
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3 Results

3.1 Kidney survival and its associated clinical and histological risk factors

A total of 105 newly diagnosed IgAN patients were identified between January 2013
and November 2019. Of these, 90.5 % (n = 95) were included in the subsequent kidney survival
analysis, while 9.5 % (n = 10) were excluded due to ESKD (eGFR < 15 ml/min/1.73 m?) at
the time of biopsy. Demographic and clinical characteristics of the included patients are
summarised in Table 3.1. All patients were of white ethnicity and middle-aged, with
a mean age of 38.6 £ 11.2 years (range:18-72 years). The majority (40 %) belonged to
the 30-39-year age group (Figure 3.1).
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Figure 3.1 Distribution of IgAN cases by age group

Nephritic syndrome was the most common manifestation of IgAN, observed in 73.4 %
of patients, followed by a combined presentation of nephrotic and nephritic syndrome,
characterised by nephrotic-range proteinuria and haematuria (13.8 %), and asymptomatic
urinary abnormalities (11.7 %). Nephrotic syndrome was identified in only one patient. Median
proteinuria was 1.2 g/g, measured by the UPCR. eGFR ranged from 16 to 130 ml/min/1.73 m?,
with a median of 56 ml/min/1.73 m?. Patients were categorised into different CKD stages based
on their eGFR (Figure 3.2). A normal eGFR (>90 ml/min/1.73 m?) with urinalysis
abnormalities was observed in 32 patients (33.7 %). Moderate to severe kidney function loss
(eGFR < 60 ml/min/1.73 m?) was present in 47 patients (49.5 %).

On physical examination, hypertension was detected in 56.4 % of patients (defined as
SBP > 140 mmHg and/or DBP > 90 mmHg), and 39.6 % of them were using ACEI/ARB at
the time of biopsy.

40



40.0%

35.0%

30.0%
25.0%
20.0
oy 32 337%
. (]
25,26.3%
22,23.2%
10.0%
16, 16.8% l
5.0% .
0.0%

1: >90 11: 60 -89 Ill: 30-59 1V: 15-29
CKD stages according to eGFR

Frequency
X

Figure 3.2 Distribution of IgAN patients by stage of CKD

In this study cohort, a significant proportion of IgAN patients exhibited mesangial
hypercellularity (87.4 %) and segmental glomerulosclerosis (72.6 %). Various degrees of
tubular atrophy were identified in 17 (17.9 %) patients.

Table 3.1
Demographic and clinical characteristics of patients included in the Kkidney survival analysis

Parameter n (%)
Male 53 (55.8)
Age, years 37 (3145)
SBP, mmHg 135 (120-150)
DBP, mmHg 80 (71.8-93.0)
GFR at biopsy, ml/min/1.73 m? 56 (33-98)
Daily proteinuria, g/24 h 1.2 (0.5-2.33)
Oxford classification
M1 83 (87.4)
El 3(3.2)
S1 69 (72.6)
T1 11(11.6)
V) 6 (6.3)
Use of ACEI or ARB at the time of biopsy 37 (38.9)
Immunosuppression at or prior the biopsy 9(9.5)
Glomerular manifestations
Nephritic syndrome 69 (73.4)
Nephrotic syndrome 1(1.1)
Nephrotic and nephritic syndrome 13 (13.8)
Isolated haematuria 7(7.4)
Isolated proteinuria 4(4.3)

Values are shown as frequencies and proportions (%) or median and interquartile range. SBP — systolic blood
pressure. DBP — diastolic blood pressure. ACEI — angiotensin-converting enzyme inhibitors. ARB — angiotensin

II receptor blockers.
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The median follow-up duration was 18 months (ranging from 0 to 60 months). In this
study, the overall median kidney survival during the follow-up period (60 months) was not
reached; however, the third quartile (Q3) was 24 months. Among the 95 patients included in
the analysis, 14 (14.7 %) progressed to ESKD, corresponding to an incidence rate of
0.11 episodes per patient-year. Gender, MEST-T score, and DBP were identified as significant
risk factors for reduced kidney survival, while SBP showed a borderline statistically significant
association (p = 0.059).

Women had a longer kidney survival time (exceeding 60 months) compared to men
(58 months). A log-rank test was performed to assess differences in survival distribution

between genders; ¥*(1) = 4.03, p = 0.045 (Figure 3.3).
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Figure 3.3 Cumulative kidney-survival rates categorised by gender

Men had worse kidney survival rates than women during the follow-up period. *p = 0.045
The analysis of kidney survival based on to the MEST score showed that patients with
a MEST TO score had a longer median kidney survival time throughout the follow-up period
(60 months) compared to those with T1 (40 months) and T2 (18 months). A statistically
significant difference in kidney survival distribution was observed between TO and T1 scores

(x2(2) =9.09, p=0.01; Figure 3.4). T1 also demonstrated a tendency toward better overall
survival compared to T2 (y* for trends = 8.80, p = 0.003).
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Figure 3.4 Cumulative Kkidney survival rates categorised by
tubular atrophy/ interstitial fibrosis

Kidney survival according to the MEST T score revealed that patients with MEST T2 have
a poorer prognosis compared to those with T1 and T0. *p = 0.01

Participants with a DBP less than 99 mmHg had a longer median kidney survival of
60 months compared to those with DBP levels of 100—-109 mmHg (40 months) and those with
DBP greater than 110 mmHg (24 months). A statistically significant difference in survival
distribution was observed between the DBP categories (}*(4) = 11.46, p = 0.022; Figure 3.5),
indicating an association between higher blood pressure and worse kidney survival
(2 for trend = 9.21, p = 0.002).

In this study, survival distribution for age, proteinuria, use of ACEI/ARB at the time of
biopsy, the use of immunosuppression at or prior to biopsy, and MEST M, E, and S scores were

not statistically significantly affecting kidney survival.
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Figure 3.5 Cumulative kidney survival rates categorised by diastolic blood pressure

Kidney survival rate is better in patients with lower DBP. *p = 0.022
DBP grades 0: < 80 mmHg; grade 1: 80-89 mmHg; grade 2: 90-99 mmHg,
grade 3: 100-109 mmHg, grade 4: > 110 mmHg

3.2 Prediction of kidney function decline by Cox regression and
the International IgAN Prediction Tool

A total of 68 patients were included in the Cox regression analysis, of whom 37 were
men. The mean patient age was 39.1 + 12.0 years (ranging from 18 to 72 years). We excluded
27 patients due to missing data (mostly absence of 24-hour proteinuria), required for prognosis
calculation using IIgANPT (23 patients) and secondary IgAN (4 patients) related to IgA
vasculitis or liver disease. The median follow-up duration for the five-year analysis was
21.5 months (ranging from 0 to 60 months). The event rate (50 % decline in GFR or progression
to ESKD) was 0.15 episodes per patient-year over five years.

The analysis of hazard ratios revealed that DBP, MEST-E, and MEST-T were associated
with the risk of a 50 % decline in GFR or progression to ESKD (Table 3.2). Each subsequent
increase in DBP grade was associated with a 6 % rise in risk. Additionally, the risk increased
fourfold when moving from EO to E1 in the MEST-E score, and more than doubled for each
unit increase in the MEST-T score. Conversely, age showed a protective effect, with the risk

decreasing by 5 % for each additional year.
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Table 3.2

Hazard ratio of various clinical parameters in IgAN patients

Factor Hazard ratio (95 % confidence interval) p-value
Age 0.95 (0.91-0.99) 0.023
SBP 0.99 (0.96-1.03) 0.683
DBP 1.06 (1.00-1.12) 0.04

MEST E 4.12 (0.83-20.47) 0.084
MEST T 2.52 (1.38-4.62) 0.003

Further analysis compared the observed and predicted five-year risks using
the IIgANPT. The intraclass correlation coefficient (ICC) indicated a moderate level of
reliability between predicted and observed risk, with an average-measure ICC of 0.70
(95 % confidence interval: 0.52 to 0.82; F(67.67) = 3.38, p = 0.001). Most differences between
predicted and observed data fell within the range of 0 to 10 % (n = 33), with a median difference
of 2.54 %, suggesting good reliability of the [IgANPT. While the [IgANPT underestimated risk
in 23 patients compared to our estimates, it assigned similar or slightly higher risk in 45 patients.
However, the maximum negative and positive differences were 77.35 % and 59.84 %,
respectively. A closer examination of these outliers revealed no exceptional features in their

disease course or histology (Figure 3.6).
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Figure 3.6 The difference in estimated risks between Cox regression and IIgANPT

An insignificant difference in estimated risk was observed between the two methods,
with a median difference of 2.54 %, with an average-measure intraclass correlation coefficient of 0.70.
3.3 B cell activation pathways in IgAN patients
To uncover B cell activation pathways and how peripheral B cell composition may be
impacted in patients with IgAN, we recruited 36 patients with IgAN and 19 HCs.
The demographic, clinical and laboratory data of the cohort are summarised in Table 3.3. Study
participants were sex- and age-matched. Both groups had normal and comparable leukocyte

and lymphocyte counts. As expected, IgAN patients had higher serum creatinine levels and

45



lower eGFR than HC. IgAN patients represented all four chronic kidney disease stages
(from 1 to 4) based on eGFR. The median proteinuria of patients with [gAN was 0.48 g/g
(interquartile range 0.26—1.35), 11 patients had moderate proteinuria (1-3 g/g) and only one
patient had nephrotic-range proteinuria (> 3 g/g). According to the Oxford classification of
IgAN, a frequent histological finding was secondary glomerulosclerosis (69.4 %). Only in rare
cases tubular atrophy or crescents in <25 % of glomeruli were seen. There were no significant

differences in body mass index (BMI) between IgAN patients and controls.

Table 3.3
Demographic, clinical and laboratory characteristics of the study cohort
Baseline characteristics IgAN patients, n = 36 HC,n=19 p-value
Age, yr 44.5 (2265, IQR 37-50) 49 (23-66, IQR 38-53) 0.906
Male 23 (63.9) 13 (68.4) 0.775
25.5(17.6-44.1 26.8 (17.82-40.63
2 H s
BMI, ke/m IQR 23.4-29.4) IQR 23.4-31.1) 0.816
. 139 (120-174,
Systolic BP, mmHg IQR 130-152) 122 (98-145, IQR 120-129) | <0.001
Diastolic BP, mmHg 85 (70-110, IQR 80-95) 80 (60-98, IQR 74-85) 0.024

126.5 (49402,
IQR 95.5-214) 83 (55-102, IQR 74-87) <0.001

eGFR, ml/min per 1.73m? | 56 (15-131, IQR 25.5-85.5) | 100 (70-128, IQR 96-107) | <0.001
CKD stage 1 6 (16.7)

Serum creatinine, pmol/l

CKD stage 2 12 (33.3)
CKD stage 3 7(19.4)
CKD stage 4 11 (30.6)

0.48 (0.07-6.18,

Proteinuria, g/g IQR 0.26-1.35)

Haematuria, RBC/ul 21.17 (0-1421, IQR 10-65)
Serum albumin, g/l 46 (29-51, IQR 42.5-48)
Serum total cholesterol, 5.46 (3.79-8.11,
mmol/l IQR 4.94-5.9)

Absolute leukocyte
count, 10%/1

Absolute lymphocyte
count, 10%/1

Oxford classification

7.15 (4.2-12.8, IQR 5.8-7.5) | 5.3 (4.1-8.4,IQR4.4-6.5) | 0.07

1.8 (0.9-3.1,IQR 1.5-2.2) 1.9 (1.4-3.0, IQR 1.8-2.4) 0.291

Ml 29 (80.6)
El 1(2.8)
S1 25 (69.4)
T1 2 (5.6)
T2 2 (5.6)
Cl 2 (5.6)

Values are presented as median, minimum—maximum, interquartile range (IQR), or as n (%).
BP: blood pressure; CKD: chronic kidney disease; RBC: red blood cells.

We first carried out B cell phenotyping based on CD24, CD27, CD38 and IgD surface

expression. This allowed us to enumerate transitional (CD24MCD38™), mature naive
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(CD24MCD38™), activated (CD24"°CD38), and total memory (CD24"CD38"°) B cells,
including class-switched (IgD") and unswitched (IgD") subsets, double negative (IgD"CD27)
B cells, pre-plasmablasts (CD24°CD38") and plasmablasts (CD27°*CD38"). We found that
IgAN patients had a significant increase in mature naive B cells with a reciprocal decrease in
the frequency of total memory B cells (Figure 3.7 a). Frequencies of switched and unswitched
memory B cells were comparable (Figure 3.7 b). A total of IgD"CD27 B cells termed double
negative (DN) or atypical memory B cells, that has been recently described as the precursors of
autoantibody-producing plasmablasts, were comparable to plasmablasts in patients with [gAN

and HC (Figure 3.7 c).
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Figure 3.7 IgAN-associated changes in the peripheral B cell landscape

Representative flow cytometry plots and summary bar charts demonstrating (a) the frequencies of transitional
(CD24hiCD38hi), mature (CD24intCD38int), memory (CD24hiCD38lo), activated B cells (CD241oCD38lo) and
pre-plasmablasts (CD2410CD38hi), (b) the distribution of memory B cells into IgD* unswitched and
IgD class-switched subsets, (c) the frequencies of total double negative (DN; IgD"CD27") B cells and
plasmablasts (CD27"CD38hi) in IgAN patients and healthy controls. Data are mean = SD and each circle/square
represents a study participant. For normally distributed CD24intCD38int, CD24hiCD38lo, [gD* memory and
IgD" memory B cell populations independent samples t-test was used to compare IgAN patients and healthy
controls. For non-normally distributed CD24hiCD38hi, CD24loCD38lo, CD24loCD38hi, [gD'CD27  and
CD27'CD38hi B cell subsets Mann-Whitney U test was used for the comparison of IgAN patients and HC.
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The cellular origin and pathway that gives rise to IgA-producing B cells in IgAN is
unknown. We wanted to determine whether systemic changes in the activation and
differentiation of IgA-expressing B cells could be detected in IgAN patients. Among B cells,
the frequency of IgA-expressing classical memory (CD27") B cells was similar between IgAN
patients and healthy controls (HC) (Figure 3.8 a). However, we noted that in addition to CD27
expressing B cells, there was a smaller population of IgA class-switched B cells that lacked
CD27 expression, which was particularly pronounced in IgAN patients. Indeed, there was
a significant expansion of these IgA-expressing CD27- B cells in patients with IgAN
(Figure 3.8 a). We also detected a significantly higher frequency of IgA class-switched
antibody-secreting cells (ASC) in IgAN patients compared to controls (Figure 3.8 b).
Supporting a lineage relationship between IgA-expressing plasmablasts and IgA-expressing
CD27 B cells, we found a correlation between these two subsets (Figure 3.8 c).

We next wanted to address whether the IgA-expressing B cells were indeed expressing
Gd-IgAl. We found that IgA"CD27- B cells co-expressed Gd-IgAl (Figure 3.8 d).
Reciprocally, in IgAN patients the majority of all Gd-IgAl® B cells were CD27"
(Figure 3.8 e and f). IgA" plasmablasts also expressed high levels of Gd-IgA1 (Figue 3.8 g).
Finally, implicating the IgA-expressing plasmablast as a potential functional contributor to
pathogenesis, we observed a correlation between IgA™ plasmablasts and circulating IgA levels
(Figure 3.8 h). Nevertheless, despite the correlation between IgA and Gd-IgA1, we did not find
a relationship between IgA " plasmablasts and serum Gd-IgA1 levels (Figure 3.8 1).
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Figure 3.8 Enhanced differentiation of IgA™ CD27 B cells and IgA* plasmablasts in IgAN

Representative flow cytometry plots and summary bar charts demonstrating the frequencies of (a) I[gA* CD27*
and IgA*CD27 B cells, and (b) IgA* plasmablasts, (c) linear regression analysis of [gA*CD27" B cells versus
IgA" plasmablasts, and (d) representative flow cytometry histograms and summary bar charts demonstrating
the median fluorescence intensity of Gd-IgA1l in IgA™ and I[gA~ CD19* CD27 B cells. (e, f) Representative flow
cytometry plots and summary bar charts demonstrating the frequencies of (¢) GdIgA1" B cells and ()
the distribution of Gd-IgA 1" B cells into CD27~ and CD27" subsets. (g) Representative flow cytometry
histograms and summary bar charts demonstrating the median fluorescence intensity of Gd-IgAl in IgA* and
IgA~ plasmablasts. (h, i) Linear regression analysis of (h) serum IgA levels versus IgA* plasmablasts and (i)
serum Gd-IgA1 versus serum IgA levels in IgAN patients and HC. Data are mean + standard deviation and each
circle/square represents a study participant. For non-normally distributed subsets Mann-Whitney U test was used
for the comparison of IgAN patients and HC. Spearman’s rank correlation tests were used to interrogate
statistical significance in the correlation between IgA*CD27™ B cells and IgA* plasmablasts, serum IgA levels
and IgA™ plasmablasts, and serum Gd-IgA1 and serum IgA levels in IgAN patients and HC.

CD27 antigen-experienced B cells comprise two subsets, termed double negative (DN)
1 and 2. DNI1 cells are defined by their expression of CD21 and CXCRS, while DN2 B cells
lack CD21 and CXCRS5 expression and instead express CD11c and are transcriptionally
regulated by T-bet. Based on their transcriptional signatures these two subsets of B cells arise
from different activation pathways (Jenks et al., 2018). While DN2 B cells arise through
extrafollicular B cell activation, DN1 B cells represent precursors of classical memory B cells
that have recently emerged from the germinal centre reaction (and have not yet upregulated
CD27). Of note, germinal centres are the microanatomical structures that allow the evolution
(by somatic hypermutation of antibody-encoding genes) and selection (affinity maturation) of

B cells that enable the production of high-affinity antibodies. The understanding of which
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pathway B cells are activated through can elucidate factors that regulate the response
(e. g. T cell help) or properties of the compartment (e. g. longevity) (Elsner & Shlomchik,
2020). We found that the IgA CD27" B cells were phenotypically CD21™ and T-bet"
corresponding to DN1 phenotype (Figure 3.9 a and b), suggesting they may indeed be
the precursors of IgA" CD27" classical memory B cells. IgA*CD27" memory B cells were used
as a control for high expression of CD21 and lack of T-bet. To further interrogate this
developmental relationship, we reasoned that most of the classical memory compartment
(CD27") in patients with [gAN and HC would be composed of foreign antigen-specific B cells
generated throughout the lifetime. The majority of this pool should be resting cells, apart from
those that report and participate in an ongoing immune response. We then carried out Ki-67
staining and found a significant positive correlation between proliferating IgA"DN1 and
Ki-67+ IgA"CD27" memory B cells (Figure 3.9 c). Therefore, the shared phenotypic and
proliferation characteristics of these subsets suggest a developmental relationship and support

increased generation of IgA-expressing ASC through the germinal centre pathway.
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Figure 3.9 IgA*CD27" B cells are phenotypically CD21*T-bet™

Representative flow cytometry histograms and summary bar charts demonstrating the median fluorescence
intensity of CD21 (a) and T-bet (b) in I[gA"CD27 and IgA"CD27" B cells. (c) Representative flow cytometry
plots and linear regression analysis of Ki-67" [gA"CD27" B cells versus Ki-67" IgA*CD27" B cells in HC and

IgAN patients. Data are mean + standard deviation and each circle/square represents a study participant.

Finally, we wanted to explore the mucosal-kidney axis in relation to B cell activation
in IgAN and ask if previously reported perturbations at mucosal surfaces were linked to this
DNI1 B cell differentiation pathway. LPS is known not only to influence B cell class-switching
to IgA (Cerutti, 2008), but is also used as a surrogate marker of dysbiosis and gut permeability
(Mohr et al., 2022). LPS was significantly elevated in the serum of I[gAN patients compared
with HC (Figure 3.10 a). We further found that IgA-expressing CD27" B cells correlated with
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serum LPS levels (Figure 3.10 b). This suggests LPS may either directly drive their
expansion/class-switching or that the observed correlation is because both increased LPS and
IgA"CD27 B cells are a consequence of mucosal dysbiosis/reduced barrier function, which
contributes to IgA-expressing plasmablast differentiation. Finally, we wanted to ask how
the expansion of IgA™ CD27 B cells related to clinical features of I[gAN. We found that
specifically in patients with reduced kidney function (¢GFR < 90 ml/min) there was an inverse

correlation between eGFR and the frequency of IgA*CD27" B cells (Figure 3.10 ¢).
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Figure 3.10 Serum lipopolysaccharides correlation with IgA*CD27" B cell frequency

(a) Serum LPS levels in IgAN patients and HC (b) linear regression analysis of serum LPS levels versus
IgA*CD27 B cells in IgAN patients and HC (c) Linear regression analysis of eGFR versus [gA"CD27" B cells
in I[gAN patients. Data are mean + standard deviation and each circle/square represents a study participant.
For non-normally distributed serum LPS levels Mann-Whitney U test was used for the comparison of IgAN
patients and HC. Spearman’s rank correlation test was used to interrogate statistical significance in
the correlation between serum LPS levels and IgA" CD27" B cells in IgAN patients and HC.

34 Characteristics of gut microbiome composition in IgAN patients

Forty-eight patients with IgAN and twenty-three healthy controls were enrolled in
the study for gut microbiome analysis. The baseline and clinical characteristics are summarised
in Table 3.4. The study participants were sex- and age-matched, with more than 60 % being
men, and ages ranging from 22 to 65 years. Both groups had a similar median BMI of 26 kg/m?.
As expected, serum creatinine levels were higher in patients with IgAN than in healthy controls.
The distribution of IgAN patients across CKD stages was approximately 20 %, with
the majority in the CKD stage 1 group (33.3 %). According to the pathological Oxford
classification, approximately 70 % of IgAN patients had mesangial hypercellularity (M1) and
segmental glomerulosclerosis (S1) findings in their biopsy results. Patients had mild
proteinuria, with a median UPCR of 0.349 g/g. Gd-IgAl levels were greater in IgAN patients

than in healthy individuals.
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Table 3.4

Clinical, laboratory and pathological characteristics of IgAN patients and healthy controls

Baseline characteristics IgAN patients, n = 48 HC,n=23 p-value

Age, yr 41 (35-47.7) 46 (33-53) 0.36
Male 30 (62.5 %) 14 (60.9 %) 0.89
BMI, kg/m? 26.1 (23.6-29.3) 26 (23-28) 0.93
Systolic BP, mmHg 130 (121-145) 127 (120-138) 0.2
Diastolic BP, mmHg 80 (72.2-90) 80 (70-80) 0.3
Serum creatinine, pmol/l 105 (84-195.5) 80 (66-88) 0.001
eGFR, ml/min per 1.73m? 72.5 (32-97.7) 101 (96-108) 0.001
Gd-IgAl, ng/ ml 6568 (4916-9335.5) | 4577.5 (3470.3-6292.8) | 0.02
Lipopolysaccharides, pg/ ml 132.7 (107.2-189.5) 115 (89.9-230) 0.15
Indoxyl sulfate, ng/ ml 240.7 (195.5-373.6) 230 (185-291) 0.69
Mesangial hypercellularity (M1) 35 (72.9 %) - -
Endocapillary hypercellularity (E1) 2 (4.2 %) - -

Segmental glomerulosclerosis (S1)

33 (68.8 %)

Tubular atrophy/interstitial fibrosis

<25%(Cl)

0 — —
26-50 % (T1) 3(6:3%)
Tubular atrophy/interstitial fibrosis o B _
> 50 % (T2) 2(4.2%)
Cellular/fibrocellular crescents 3(6.3 %) B B

The results are expressed as the median (interquartile range) or n (%).

To evaluate the IgAN-related alterations in the gut microbiome profiles, we compared

the shotgun sequencing-derived gut microbiome profiles of faecal samples from IgAN patients

(n =48) with those of samples collected from healthy controls (n=23). We observed no

statistically significant differences in alpha diversities estimated by several common indices

(Table 3.5) between the interest groups.

Table 3.5

Comparison of various alpha diversity measures between IgAN patients and healthy controls

Method IgAN cases (median, IQR) Controls (median, IQR) P p-adj
Observed taxa 2042.50 (1900.75— 120.25) | 2044.00 (1919.00-2181.00) | 0.7 | 7.00E-01
Piclou’s evenness 0.65 (0.62-0.68) 0.65 (0.64—0.69) 0.3 | 3.10E-01
Shannon index 4.92 (4.72-5.19) 5.01 (5.25-4.79) 0.4 | 3.60E-01
gg:fe Simpson 54.88 (78.21-39.50) 61.30 (82.88-50.55) 0.5 | 4.50E-01
Chaol 2042.50 (1900.75-2120.25) | 2044.00 (1919.00-2181.00) | 0.7 | 7.00E-01
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In addition, no significant difference in the intersample variability in the microbial
community composition among the analysed samples between the case and control groups was

observed (Figure 3.11).

Type
==~ Control
-@- IgAN

PC2:7.5%

5
PC1:11.5%

71 samples & 2731 taxa (Species). PCA tax_transform=cir

Figure 3.11. Principal component analysis plot showing inter-sample variability in microbial
community composition among IgA nephropathy patients and healthy controls

Prevotella was the most prevalent genus in both IgAN patients (7.57 %) and controls
(9.27 %), with Faecalibacterium (IgAN =6.71 %, controls=8.11%) and Blautia
(IgAN =6.73 %, controls =7.02 %) also among the most common genera. Notably,
Bacteroides and Bifidobacterium were more abundant in IgAN patients than in controls
(IgAN=4.99 % and 2.84 %, controls =4.56 % and 1.85 %). Prevotella sp00900557255
(IgAN =2.95 %, controls =4.34 %), Fusicatenibacter saccharivorans (IgAN =2.53 %,
controls =2.58 %), and Phocaeicola dorei (IgAN =2.51% and controls =2.28 %) were

the three most abundant species in both groups (Figure 3.12).
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Figure 3.12. Taxonomy bar plot depicting 20 of the most representative species of
every individual stratified by study group

Differential abundance analysis at the species level revealed 371 differentially abundant
taxa (false discovery rate (FDR) < 0.25) between the IgAN patients and healthy controls, with
Absicoccus  sp000434355 (coef.=3.69, FDR =3.53E-13), Bacteroides ndongoniae
(coef. = 3.28, FDR = 4.59E-08), Akkermansia muciniphila C (coef. =2.76, FDR = 1.66E-03)
showing higher abundance, while Eubacterium R sp000433975 (coef. =-3.28, FDR = 9.09E-07),
and CAG:462 sp900291465 (coef.=-3.23, FDR =4.90E-09), Olsenella E sp900540955
(coef. =-2.98, FDR =1.75E-03) and Butyricicoccus A sp002395695 (coef.=-2.52,
FDR = 5.00E-08) had a lower abundance in IgAN patients (Figure 3.13 a and b).
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Figure 3.13 Alterations in the gut microbiome in IgAN patients and healthy individuals

(a) Relative abundance of Eubacterium R sp000433975 in control subjects (blue) and IgAN patients (red).
Boxplots show the median, 25th, and 75th percentiles and outliers. (b) Bar plot representing the effect size
(logFC) of the top 20 differentially abundant species between control subjects and IgAN patients.

A positive coefficient (red) represents taxa with increased abundance in the I[gAN patients, and
a negative coefficient (blue) represents taxa in the control patients.

The functional consequences derived from gene mapping were supported by
comparative MetaCyc metabolic pathway profiling between the gut metagenomic sample pools
of control subjects and IgAN patients, revealing 34 significantly differentially abundant gut
microbiome functional pathways. 4-Hydroxyphenylacetate degradation was the most enriched
pathway in healthy controls compared with that in IgAN patients (coef. =—3.97, FDR = 1.00E-01),
followed by the superpathway of lipopolysaccharide biosynthesis (coef. = —-3.53, FDR = 2.24E-01)
and the sulfoquinovose degradation I pathway (coef. =-3.51, FDR = 1.43E-01). However,
multiple nucleotide- and nucleoside-biosynthesis-related pathways (including adenosine,
guanosine, inosine, and pyrimidine biosynthesis) were more prominent in I[gAN patients, as

was glycolysis from glucose-6-phosphate (Figure 3.14).
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Figure 3.14. Metabolic differential pathways in IgAN patients and healthy individuals

The effect size is expressed as a coefficient with positive values for pathways enriched in I[gAN patients, while
negative values correspond to pathways enriched in control subjects.

Surprisingly, Gd-IgA1 accounted for a greater portion of the observed variations in
metabolic pathways (PERMANOVA R?=0.061, p=0.001). This influence was greater than
that attributed to the eGFR (R? = 0.039, p =0.015) or BMI (R?= 0.036, p = 0.02) (Table 3.6).

Table 3.6

Contributing factors determining the observed variation in the gut microbiome-derived
metabolic pathways among IgA nephropathy patients and healthy controls

Variable Df | Sum Of Sqs R2

F

Gd-IgAl, ng/ ml 0.04 0.06

4.52

eGFR, ml/min/1.73 m? 0.03 0.04

2.93

BMI, kg/m? 0.02 0.04

2.68

Indoxyl sulphate, ng/ml 0.02 0.03

2.16

Sex 0.02 0.02

1.76

Type 0.01 0.02

1.58

—_— == =] =] =] =

LPS, pg/ ml 0.01 0.01

0.70

Residual 60 0.54 0.82

NA

Total 67 0.67 1.00

NA

Next, we aimed to assess the potential differences in the gut microbiome composition

by focusing solely on the patient group. We retrospectively stratified the patients into two
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groups based on their disease progression status: 23 were progressors with an eGFR decrease
of more than 5 ml/min per year, and 23 were nonprogressors. Two patients lacked follow-up
eGFR data and were excluded from further analysis. The mean follow-up time was 24 months
(ranging from 2 to 43 months), with a mean eGFR reduction of 5.8 ml/min/year (ranging from
a decline of 30 ml/min/year to an improvement in kidney function by 9 ml/min/year). There
was no statistically significant difference in the alpha diversity metrics between the two groups
(Table 3.7).

Table 3.7

Comparison of various alpha diversity measures between IgAN nonprogressors and progressors
(Wilcoxon test, Benjamini-Hochberg procedure)

Nonprogressors Progressors .

Method (median, IQR) (median, IQR) p p-adj
Observed taxa | 2046.00 (1956.00 — 2097.00) | 2043.00 (1862.00 — 2133.00) | 0.74 | 7.40E-01
Pielou’s evenness 0.65 (0.63 — 0.68) 0.65 (0.62 — 0.68) 0.36 | 3.60E-01
Shannon index 4.92 (4.82-5.24) 4.95 (4.69-5.19) 0.36 | 3.60E-01
iIE(Vlzfe Simpson 61.85 (51.14-86.54) 53.86 (35.98-75.85) 0.2 | 2.00E-01
Chaol 2046.00 (1956.00-2097.00) | 2043.00 (1862.00 — 2133.00) | 0.74 | 7.40E-01

Nevertheless, distinct beta diversity clustering was observed between the two groups
according to the PERMANOVA test (R? =0.03; p = 0.04), with notably greater dispersion in
progressors. While Prevotella, Faecalibacterium, and Blautia were the most prevalent genera
in both groups, the order of abundance differed between them. In progressors, Prevotella was
the most abundant genus (9.48 %), followed by Blautia (6.50 %) and Faecalibacterium
(6.12 %), whereas Faecalibacterium (7.33 %) was the most common genus in nonprogressors.
At the species level, Prevotella sp00900557255 was the most abundant in progressors, with
Phocaeicola dorei and Fusicatenibacter saccharivorans also prevalent. Among
the nonprogressors, Agathobacter rectalis was the most abundant species (2.67 %), followed

by Fusicatenibacter saccharivorans (2.18 %) and Phocaeicola dorei (2.02 %) (Figure 3.15).
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Figure 3.15 Metabolic Taxonomy bar plot depicting the 20 most representative species for
each individual, stratified by study group

The differential abundance analysis at the species level comparing the gut microbiome
compositions of progressors and nonprogressors revealed statistically significant differences in
455 taxa. Notably, Staphylococcus hominis (coef. =—-8.39, FDR =5.31E-02) and UBA7173
sp900548705 (coef. =—-6.50, FDR =4.18E-03) were significantly more abundant in
nonprogressors, whereas Dialister hominis (coef. = 6.38, FDR = 1.85E-08) was significantly
more abundant in progressors (Figure 3.16). Among the 455 progression-related taxa, 69 (9 %)
showed differential abundance also in the comparison of controls versus IgAN patients

(e. g. Akkermansia sp004167605, Dialister hominis).
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Figure 3.16. Bar plot representing the effect size (logFC) of the top 20 differentially abundant
species between IgAN progressors and nonprogressors

A positive coefficient (red) represents taxa with increased abundance in the progressor group, and a negative
coefficient (blue) represents taxa with increased abundance in the nonprogressors group.

Differential pathway analysis between nonprogressors and progressors revealed
21 metabolic pathways with the N-acetyl D glucosamine biosynthesis II pathway
(coef. =—4.64, FDR =1.27E-01), showing the strongest enrichment in nonprogressors.
Progressors exhibited more active isopropanol biosynthesis (coef. = 1.08, FDR = 1.67E-1),
followed by biotin biosynthesis II (coef. = 0.52, FDR = 2.28E-1) and phospholipid biosynthesis
(Figure 3.17). Consistent with the case-control comparison, Gd-IgA1 accounted for a larger
proportion of the observed variations in metabolic pathways (PERMANOVA R?=0.06,
p = 0.018) specifically among IgAN patients (Table 3.8). Furthermore, serum Gd-IgAl levels
in IgAN patients were significantly associated with the abundance of 88 metabolic pathways,
including 57 positively associated pathways — such as phospholipid remodeling in yeast
(coef.=1.97; FDR=1.17E-01) — and 31 negatively associated pathways, such as
the superpathway of UDP-N-acetylglucosamine-derived O-antigen building blocks
biosynthesis (coef. =—0.69; FDR =4.33E-29) or creatinine degradation I (coef.=-0.67;
FDR = 3.03E-54).
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Figure 3.17 Bar plot of MetaCyc metabolic differential pathways

The effect size is expressed as a coefficient with positive values for pathways enriched in IgAN progressors and
negative values for nonprogressors-related pathways

Table 3.8

Contributing factors determining the observed variation in the gut microbiome-derived
metabolic pathways among IgA nephropathy patients

=~
ﬂ

Variable
Gd-IgAl, ng/ml
BMI, kg/m?
eGFR, ml/min/1.73 m?
Indoxyl sulphate, ng/ml

Sum Of Sqs R2 F Pr (> F)
0.03 0.06 2.80 1.81E-02
0.02 0.04 1.83 8.74E-02
0.01 0.03 1.56 1.35E-01
0.01 0.03 1.36 2.02E-01

Haematuria 0.01 0.02 1.10 3.22E-01
Sex 0.01 0.02 0.73 6.25E-01
Progression 0.01 0.02 0.73 6.30E-01

0.01 0.01 0.71 6.31E-01
0.01 0.01 0.58 7.69E-01
0.00 0.01 0.42 9.25E-01
0.33 0.73 NA NA
0.46 1.00 NA NA

LPS, pg/ml

Proteinuria range, g/g

—_— i —_— === =] === =

Prognosis
Residual
Total

W
(9}

N
)
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4 Discussion

The present work provides evidence on risk factors for kidney survival over a five-year
period. The IIgANPT was applied to the study population, and the observed and predicted risks
were similar, indicating that this tool can be effectively used in the Latvian population.
Our results reveal that dysregulation of mucosal immunity drives increased naive B cell
activation in germinal centres, giving rise to IgA*CD27 - CD21* B cells and subsequently to
IgA-producing plasmablasts. The gut microbiome of patients with IgA nephropathy was
analysed to identify possible mechanisms: these patients exhibited a reduction in
butyrate-producing bacteria, and functional profiling indicated signs of immune activation and
inflammation.

The diagnosis of IgAN in Latvia became possible after 2013, following the initiation of
collaboration with the Vilnius Pathology Center in Vilnius, Lithuania. This partnership enabled
the analysis of kidney biopsies using the immunofluorescence method, where the detection of
positive IgA deposits in biopsy material confirms the diagnosis. IgAN can present in
heterogeneous clinicopathological forms, ranging from asymptomatic urinalysis abnormalities
to rapidly progressive glomerulonephritis. Across all discussed above IgAN patient cohorts,
a male predominance is observed, with a median age of 40 years, and histological findings
commonly showing mesangial hypercellularity and segmental glomerulosclerosis. Patients
typically present with nephritic syndrome — characterised by mild to moderate proteinuria —
or a nephritic-nephrotic syndrome, often accompanied by progressive glomerulosclerosis,
which naturally affects disease prognosis. Approximately 20 % of patients diagnosed with
IgAN at Pauls Stradins Clinical University Hospital initiated kidney replacement therapy on
average 11 months after diagnosis.

The five-year kidney survival time was 57 % in our study group, while the Japanese
study of 30-year analysis of kidney survival (n = 1012) showed that five-year kidney survival
was more than 90 % (Moriyama et al., 2014). Another retrospective study on kidney survival
in IgAN patients analysed long-term outcomes across four cohorts from different countries and
three continents. The 10-year kidney survival rates reported were 95.7 % in Helsinki (Finland),
87.0 % in Sydney (Australia), 63.9 % in Glasgow (United Kingdom), and 61.6 % in Toronto
(Canada). Additionally, five-year survival rates were 98 % in Helsinki, 95 % in Sydney, and
79 % in both Glasgow and Toronto, as demonstrated by survival curve analysis (Geddes et al.,
2003). When comparing our findings to those of the Japanese and tricontinental studies,
it appears that the disease course in Latvian patients is more aggressive, with a faster
progression to ESKD. Differences in kidney biopsy indications across countries can contribute

to this observation. In Japan, kidney biopsies are routinely performed in all patients with
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suspected glomerulonephritis. In contrast, in Latvia, urinalysis is not routinely performed in
the general population. As a result, many cases remain undiagnosed in time, and individuals
often do not consult general practitioners until noticeable symptoms appear. Biopsies are
typically conducted only when additional kidney manifestations are present, such as
proteinuria, hypertension, or reduced GFR. Patients presenting with isolated haematuria are
often not referred for biopsy. IgAN progression may vary by geographic region, proving genetic
influence on the course of the disease. The genome-wide association studies have identified
over 30 risk loci that may contribute to the pathogenesis of IgAN by affecting the dysregulation
of mucosal innate immunity, immune cell proliferation, production of Gd-IgA1, formation of
autoantibodies against Gd-IgA1, and activation of compliment system (L. L. Xu et al., 2023).
A genetic risk score derived from replicated genome-wide association studies loci is highest
among Asian populations, intermediate in Europeans, and lowest in Africans, reflecting
the known global differences in IgAN prevalence. Notably, the genetic risk score also revealed
an unexpectedly higher prevalence of IgAN-related kidney failure in Northern Europe (Kiryluk
et al., 2013). Alongside genetic predisposition, there is also evidence of a subtly dysregulated
mucosal immune response to antigens in IgAN, as reflected by alterations in gut permeability.
Dietary habits, which differ between sexes and across ethnic groups, may also play a role in
disease pathogenesis and further prognosis.

Until 2019, there was no validated tool to predict IgAN progression. The treatment
decision was based on patient clinicopathologic features; however, as mentioned in the authors’
publication, clinical trials suggested that 33 % of patients who did not meet clinical-treatment
criteria but had high MEST scores did not receive treatment and experienced a decrease of
kidney function, and more than 75 % of patients with low-risk nonprogressive disease were
unnecessarily treated. The study population of “evaluating a new international risk-prediction
tool in IgA nephropathy” was patients from multiethnic cohorts of adults with biopsy-proven
IgAN, and it included patients from Oxford, North American, and VALIGA studies.
In VALIGA study, patients from 53 centres in 13 countries were enrolled, and it included only
one centre from the Baltic States (Estonia, Tartu) two centres from Scandinavian countries
(Sweden), but many centres from Italy; this could indicate that the study population was
nonhomogeneous (Barbour et al., 2019; Coppo et al., 2014). Considering that the course of
IgAN may vary across different geographical regions, and that the Latvian population may
differ from the general populations of Central and Southern Europe, it was important to clarify
the disease course specifically within the Latvian population.

Our study focused on actual kidney survival analysis and validation of the IIgANPT in

study population. To our knowledge, this was the first study in a European population to
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compare predicted and observed risks of kidney disease progression since the [IgANPT became
available online, followed later by analyses in Greek, Norwegian and French populations
(Bon et al., 2023; Haaskjold et al., 2023; Papasotiriou et al., 2022).

In our study, the statistically significant factors affecting kidney survival were gender,
MEST-T score, and diastolic blood pressure. Patients with TO had a median kidney survival
time longer than five years; those with T1 had a median survival of 40 months, while patients
with T2 had the shortest survival — 18 months. The study and secondary analysis of
the STOP-IgAN study also showed that T scores, with no effect modification by age, were
associated with lower GFR and worse kidney outcomes (Coppo et al., 2020; Schimpf et al.,
2018). Several studies indicated that hypertension prevalence in IgAN patients may vary
between 19 % and 53 % at the time of kidney biopsy (Nagy et al., 2005). A large, multicentre
study from China found an overall hypertension prevalence of 63.3 % among 1055 IgAN
patients (Zheng et al., 2018). In our study group, 57.3 % (n = 59) of patients had hypertension
defined as BP > 140/90 mmHg, yet only 22 were using ACEI/ARB at the time of biopsy.
This may be explained by late referral to a nephrologist in the absence of other clinical
symptoms, or by caution in prescribing these medications to patients with low GFR. In this
study, we found that the blood pressure affects kidney survival; patients with lower blood
pressure had longer kidney survival. Zheng et al. supports a benefit of intensive control of BP
< 130/80 mmHg for patients with proteinuria > 1 g/d (Zheng et al., 2018). If the patient exhibits
proteinuria exceeding 0.5 g/d, it is recommended to initiate therapy with either an ACEI or
an ARB, regardless of whether hypertension is present (Kidney Disease: Improving Global
Outcomes Glomerular Diseases Work, 2021).

Gender affected kidney survival, with women having longer kidney survival than men,
and there were differences between predicted and observed data; for females, predicted and
observed risks were more similar compared with those for males. Men tend to have poorer
prognosis than women in IgAN mainly because male patients often present with worse clinical
and pathological features at diagnosis: lower eGFR, greater proteinuria, higher prevalence of
hypertension, hypertriglyceridemia, and hyperuricemia, more severe histopathological damage,
including segmental sclerosis and tubular atrophy/interstitial fibrosis, higher proportion of
global glomerulosclerosis (Deng et al., 2018).

In this study, we found that the predicted and observed risks of a 50 % decline in GFR
or progression to ESKD were comparable. Furthermore, the five-year analysis showed
a moderate concordance between predicted and actual outcomes, supporting the reliability of
the IIgANPT for use in the Latvian population. Other external validation studies of

the prediction tool conducted in Norwegian, Chinese, and Chinese Argentinian cohorts also
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demonstrated good discrimination and model fit overall. However, in the Chinese Argentinian
cohort, the full model (including race) overestimated the risk of progression over a 3-year
period (Zhang et al., 2020). In an Indian cohort, the tool showed reasonable discriminatory
ability but consistently underestimated risk across all groups (Bagchi et al.,, 2022).
In an increasingly multicultural world, where defining ethnicity is complex, risk stratification
based on genetic profiles rather than self-reported ethnicity may offer a more precise approach
to predicting outcomes.

This shift toward genetic profiling aligns with growing insights into the molecular and
immunological underpinnings of IgAN. Current concept of the pathogenesis of [IgAN has been
referred to as the “multi-hit” hypothesis (Scionti et al., 2022), and advances have been made
particularly in uncovering the mechanisms operating within the kidney that contribute to organ
damage. These include the dissection of how immune complexes containing IgA bind to
mesangial cells, triggering proliferation and increased synthesis of extracellular matrix
components as well as the role of the CD89 in regulating tissue damage (Launay et al., 2000).
However, these mechanistic insights are unlikely to lead to major therapeutic breakthroughs, as
they reflect processes that occur after B cell tolerance has already been broken.

Our findings reveal alterations in the B cell compartment among patients with IgAN,
notably an expansion of naive B cells and a reduction in total memory B cells. Similar B cell
patterns are characteristic of systemic autoimmune diseases such as systemic sclerosis,
rheumatoid arthritis (Bugatti et al., 2014; Sato et al., 2004). This observation is particularly
significant because IgAN is considered an organ-specific autoimmune disease, and these data
suggest that systemic immunity is dysregulated beyond previously characterised mucosal
immune abnormalities. However, we did not observe an expansion of total double-negative
(DN) B cells, which is typically associated with more severe systemic autoimmune and
inflammatory phenotypes. Determining whether the systemic alterations in the overall B cell
landscape observed in this study are a cause of IgAN or a consequence of autoimmunity-related
inflammation or bystander effects remains an important question.

As the source of pathogenic Gd-IgA1 antibodies, B cells are a promising target in [gAN,
but B cell activation and differentiation pathways that lead to pathogenic IgA production remain
uncharacterised. Understanding how B cells are affected and become activated is important for
the complete understanding of IgAN pathogenesis, prognosis, and treatment. Here we provide
mechanistic insight into the early steps of IgAN pathogenesis by uncovering that
IgA-expressing B cells that lack the classical memory marker CD27, but express CD21 are
expanded in patients with IgAN and appear to be the cellular precursors of IgA-producing
plasmablasts (Annex 5) (Popova et al., 2025). Our findings indicate that these ASC precursors
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likely originate from active germinal centres, suggesting a continuous production of pathogenic
cells. This points to an ongoing process rather than a predominant contribution from memory
B cells or plasmablasts formed earlier. DN1 B cells have not been previously associated with
disease states, unlike the extensively characterised DN2 subset. Therefore, our study may help
uncover more about this B cell population. This observation of the increased recent germinal
centre emigrant DN1 B cells also fits with the report of increased frequency of T follicular
helper cells in IgAN patients (Zhang et al., 2014).

We found a correlation between the CD27 precursors of IgA-expressing plasmablasts
and serum LPS levels, that implicates mucosal immunity in the differentiation of these cells.
LPS could directly contribute to class-switching in activated B cells as previously observed
(Xu et al., 2008). In support of direct activation, tonsillar B cells from IgAN patients have been
shown to produce increased IgA in response to LPS stimulation (Liu et al., 2011). Therefore,
LPS may act at multiple stages of B cell activation to not only induce class-switching and IgA
production, but to also regulate IgA glycosylation. An alternative explanation for the observed
correlation between IgA*CD27- B cells and LPS could be that both are elevated because of
intestinal inflammation, which may promote the generation of [gA*CD27" B cells and increase
intestinal permeability. Supporting the mucosa as a site of origin for these IgA expressing
B cells, IgAN patients have an increased frequency of IgA" B cells that express the mucosal
homing marker CC chemokine receptor 9 (CCR9) (Sallustio et al., 2021a). Tonsillectomy,
which has shown some therapeutic benefit in I[gAN (Hirano et al., 2019), may potentially
eliminate the site where these B cells are generated or where they migrate to (Wu et al., 2013).
This may also help explain why B cell depletion therapies have shown inconsistent efficacy in
IgAN, despite the central role of B cells in its pathogenesis — as mucosal niches may retain
a significant proportion of precursor cells that are not effectively targeted by such treatments
(Lafayette et al., 2017). Recent findings of disease-modifying effects of enteral budesonide in
IgAN further implicate mucosal sites in driving immunopathogenesis (Smerud et al., 2011).

In our cohort of I[gAN patients, the distribution of men, as well as the age and BMI, was
found to be like that reported in other studies focusing on IgAN. Clinically, patients exhibited
lower protein excretion, yet their eGFR was worse when compared to the results of other studies
evaluating B cells in I[gAN (Sallustio et al., 2021b; Wang et al., 2014). Of note, a limitation of
the study is that our cohort consisted entirely of white Eastern Europeans and thus the B cell
activation pathway we have uncovered remains to be investigated in non-European cohorts.

Now that we have identified the aberrant B cell differentiation pathways in IgAN,
important further questions can be addressed. Key questions remain about the site of induction

and long-term residence of IgA-expressing plasmablast precursors — are these cells generated
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and maintained in mucosal tissues, the bone marrow, or both, and is this pattern consistent
among IgAN patients? Can specific targets be identified to selectively deplete or inhibit
the differentiation of the pathogenic IgA*CD27- B cells subset?! What antigens are
IgA-expressing B cells in IgAN responding to — dietary or microbial components — and how
diverse is the IgA response within an individual and across patients?

To explore whether microbial composition might influence the antigenic targets of
IgA-expressing B cells in IgAN, we examined the gut microbiome profiles of affected
individuals. It was a non-interventional study that did not establish causal relationships between
findings. Our results aligned with previous gut microbiome studies in the Latvian population,
which have identified Prevotella as the most common genus, showing a similar microbial
community composition between the IgAN and HC groups. The high consumption of
a plant-based, high-fibre diet is plausibly the primary reason for the high abundance of
Prevotella. Interestingly, the data from our cohort in Latvia are like those of non-western
populations (India, Peru, Tanzania, and Madagascar) (De Filippis et al., 2019). In contrast,
the gut microbiome of Western populations, such as those in the United States and Spain, which
consume a typical Westernised diet (rich in protein and fat and low in plant-based fibres),
is enriched mainly in Bacteroides and Ruminococcus, with a very low abundance of Prevotella
(Prasoodanan et al., 2021). According to a recent meta-analysis of gut microbiome
characteristics in IgAN patients, which involved 11 cross-sectional studies and included 652
individuals, no consistent significant variations in the abundance of specific bacteria were noted
across the different studies. For example, the Bacteroides genus had a greater relative
abundance in patients with IgAN than in healthy individuals in three studies, a lower abundance
in three studies, and no significant differences in four studies. Similarly, ambiguous data were
found for Streptococcus, with higher abundances in patients with IgAN in two studies, lower
abundances in one study, and no significant changes in eight studies (Han et al., 2022).

The differential abundance analysis in our study revealed that Butyrococcus and
Eubacterium rectale (Agathobacter rectalis) were less abundant in IgAN patients than in
healthy controls. Both bacteria produce butyrate from carbohydrates (Geirnaert et al., 2014).
E. rectale preferentially colonises the mucus layer, thereby enhancing the bioavailability of
butyrate for colon epithelial cells (El Aidy et al., 2013). Butyrate promotes intestinal barrier
function by strengthening tight junctions and producing mucin and antimicrobial peptides and
is essential for the differentiation of CD4-positive regulatory T cells (Tregs), which suppress
immune responses (Furusawa et al., 2013; Riviere et al., 2016). According to Yang et al,
the number of Tregs is decreased in IgAN patients (Yang et al., 2015). Moreover, Agathobacter

rectalis was the most prevalent bacteria in nonprogressors, patients with a favourable prognosis.
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These results highlight the potential importance of butyrate substitutions or dietary
interventions. Butyrate-producing bacteria are predominantly slow-growing anaerobes, and
their reduced abundance may be influenced by uremic toxins, gut mucosal inflammation, and
the overgrowth of other bacterial species. In the intestinal microbiota of patients with [gAN, we
observed an increased relative abundance of mucin-degrading bacteria, including Akkermansia
muciniphila. This Gram-negative bacterium is an important modulator of the gut immune
system, promoting the stimulation of cytokines such as IL-10 and enhancing secretory IgA
production (Rodrigues et al., 2022). Another recent study found that IgA1 is deglycosylated by
Akkermansia muciniphila both in vitro and within the intestinal lumen of mice, generating
neo-epitopes that are recognised by autoreactive IgG in the sera of patients with IgAN.
Following deglycosylation in the mouse gut, IgAl underwent retrotranscytosis across
the intestinal epithelium, entered the circulation, and was subsequently deposited in
the glomeruli of the kidneys (Gleeson et al., 2024).

We found no significant difference in gut microbial diversity between IgAN patients
and healthy individuals. These findings suggest that not the gut microbiome composition or
microbial diversity plays a crucial role in IgAN pathogenesis but, hypothetically, changes in
microbial community function.

Increased nucleoside (adenosine, guanosine, and inosine) biosynthesis pathways were
found in IgAN patients. Extracellular adenosine is increased during intestinal inflammation.
A key contributing factor to the development of intestinal inflammation is intestinal barrier
dysfunction, which is associated with an altered microbiome composition, bacterial infiltration,
impaired cell junctions, loss of the mucus layer and acidification. This contributes to the release
of ATP from injured cells, which is converted to the alarm molecule adenosine (Stepanova &
Aherne, 2024). Adenosine is a potent endogenous anti-inflammatory agent that regulates
the function of inflammatory cells via interaction with specific receptors expressed on
lymphocytes, inhibiting Th17 differentiation and stimulating Treg differentiation (Hasko &
Cronstein, 2013). Inosine is formed from the breakdown of adenosine and has been shown to
exert powerful anti-inflammatory effects related to the activation of adenosine receptors
(Gomez & Sitkovsky, 2003).

Guanosine is a fundamental component of nucleotides and is essential for DNA and
RNA synthesis (Balan et al., 2019). These processes are vital in rapidly dividing cells, such as
immune cells (e. g. lymphocytes and plasma cells), which require substantial amounts of
nucleotides to support their proliferation during immune response. Lymphocytes and plasma
cells are highly metabolically active during activation and expansion, as they produce

antibodies and mediate immune responses. The increased demand for guanosine and other
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purine nucleotides in these cells aligns with their role in immune activation and inflammation,
particularly in conditions such as IgAN, where aberrant immune responses are implicated.
Another pathway that is involved in the proliferative and inflammatory process, glycolysis from
glucose 6-phosphate, was also increased in IgAN patients compared with healthy controls.
Glycolysis is typically used as an energy source and is known to be upregulated in dividing
cells (Ghazi et al., 2019).

The 4-hydroxyphenylacetate degradation pathway was more prominent in healthy
controls than in IgAN patients. 4-Hydroxyphenylacetate is a common product during
the fermentation of aromatic amino acids, particularly in the L-tyrosine degradation pathway,
which is carried out by several Escherichia coli strains and generates pyruvate and succinate as
end products (Kim et al., 2025). Higher succinate production by the gut microbiota is promoted
by a high-protein diet (Tan et al., 2022). Usually, chronic kidney disease patients are
recommended to decrease protein intake in their diet, resulting in potentially increased protein
consumption in healthy individuals.

Another pathway that was decreased in IgAN patients — the sulfoquinovose degradation
I pathway. Sulfoquinovose is a plant-derived sulfonated monosaccharide that serves as the polar
headgroup of the sulfolipids in photosynthetic membranes. The final product of this pathway is
glycerone phosphate, which powers the cell via glycolysis from glucose 6-phosphate, and
2,3-dihydroxypropane-1-sulfonate in most individuals fermented mainly by E. rectale (Hanson
etal., 2021). Afterwards, it is excreted and can be further degraded by other bacteria and serves
as a source of sulphite (Burrichter et al., 2018). As mentioned previously, E. rectale in our study
was less abundant in IgAN patients, which confirms the possibility of delayed sulfoquinovose
degradation. To date, there are no other studies in IgAN patients showing this pathway
alteration.

Previous studies have analysed the bacterial composition in progressors and
nonprogressors. Nonprogressor patients were defined as having a 50 % decrease in daily
proteinuria and stable kidney function (eGFR) after six months compared with baseline
(Angelis de et al., 2014); however, metabolic pathways were not studied between the two
groups. In our study, the progression rate was evaluated according to a significant GFR slope
of 5 ml/min/1.73 m?/year at a mean follow-up time of 24 months, which is usually irreversible.
Pathways enriched in progressors were connected to phospholipid synthesis in bacteria, which
are essential components of bacterial cell membranes. Gram-negative bacteria have a cell
envelope composed of three distinct layers: the inner membrane, a periplasmic space containing
the peptidoglycan cell wall, and the outer membrane, with its inner leaflet containing

phospholipids and its outer leaflet predominantly composed of lipopolysaccharides (Morris &
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Mitchell, 2023). Phospholipid synthesis may be adapted to increase bacterial survival,
colonisation, or competition.

The main limitation of the microbiome study part is its small sample size, which restricts
confounder control and the detection of less prevalent microbial taxa. Additionally, while we
employed a data-driven approach — using PERMANOVA — to select covariates for differential
abundance and pathway analyses, we acknowledge that this method does not account for
potential unmeasured confounders. Factors not captured in our dataset, such as dietary patterns,
medication use, or environmental exposures, could influence microbiome composition and
function and thus may impact our findings. We fully acknowledge that metabolic pathways
inferred from bacterial DNA through metagenomic analysis represent only the putative
functional potential of the microbiome, rather than direct evidence of metabolite activity. Given
the strong evidence of IgAN-related shifts in gut microbiome functions, future studies may
benefit from integrating metabolomics or metatranscriptomics data to provide deeper insights
into the functional consequences of these microbial alterations. Additionally, investigating
the effects of diet and probiotic supplementation on IgAN progression and immune cell
dynamics remains an important avenue for future research.

The renoprotective effects of butyrate have been observed in various types of kidney
diseases: in cisplatin-induced kidney injury (Favero et al., 2024), diabetic kidney disease
(Zhou et al., 2022), obesity-related glomerulopathy (Shi et al., 2025), septic kidney injury
modelled by lipopolysaccharide administration. In the latter model, sodium butyrate exerted
nephroprotective effects by modulating TLR 2/4 signalling to regulate B-defensin 2 expression,
thereby reducing inflammation (Dou et al., 2022). Another proposed mechanism involves
the inhibition of both pyroptosis and apoptosis (Tian et al., 2025). As lipopolysaccharides
derived from gut bacteria contribute to IgAN pathogenesis by promoting IgA1 overproduction
and hypogalactosylation through TLR4 activation (Zhu et al., 2024), and given the decreased
abundance of butyrate-producing bacteria observed in IgAN patients, future studies should
investigate the potential therapeutic benefits of butyrate supplementation in [gAN management.

We have reported associations between specific microbial taxa in IgAN patients
compared to healthy individuals, as well as in relation to kidney function decline. However,
such associations do not imply causation. It remains essential to determine whether these
microbiome alterations are a causal factor in IgAN development or a consequence of disease
process. A combination of advanced computational approaches, animal models, and clinical
trials is essential to clarify the role of gut microbiome alterations in disease pathogenesis. These

efforts should also account for the critical influence of diet on the gut—kidney axis.
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Can the observed changes in the gut microbiome and B cells be the result of CKD?
To minimise potential CKD-related effects, patients receiving kidney replacement therapy were
excluded. With respect to B cells, CKD in general is associated with reduced memory B cells
and impaired adaptive immunity. However, the specific pattern of increased naive B cells and
defective IgA memory differentiation leading to the formation of Gd-IgAl-secreting
plasmablasts is more characteristic of IgAN. Some gut microbiome changes can indeed be
associated with CKD; however, galactose-deficient IgA1 was the major factor accounting for
a greater proportion of the observed variations in metabolic pathways, suggesting that these
changes may be characteristic of patients with IgAN specifically. For future microbiome
studies, detailed inclusion criteria should be applied to minimise possible confounding effects
— for example, including only CKD patients with an eGFR > 60 ml/min.

Our IgAN research group plans to continue investigating the disease’s pathogenesis by
integrating analyses of B cell composition, with a particular focus on the interplay between
the previously described IgA*CD27- B cells and functional pathways of the gut microbiome.
The next project will combine flow cytometry, single-cell transcriptional profiling, and
confocal microscopy of mucosa-associated lymphoid tissue — specifically Peyer’s patches —
to identify the factors driving altered B cell activation in I[gAN. We will employ cultures of
sorted B cells and in vitro Peyer’s patches models to explore what drives the differentiation of
Gd-IgA1* B cells and antibody-secreting cells. Together, these approaches aim to fill a critical
knowledge gap concerning the source and differentiation pathways of B cells involved in IgAN

pathogenesis.

Critical analysis of the study

This study has several limitations that should be considered. First, the IgAN patient
group was relatively small and heterogeneous, particularly with respect to CKD distribution.
However, given the resources required for microbiome analyses, single-centre studies typically
include a similar number of patients. During patient enrolment and sample collection, IgAN
patients had no access to SGLT2 inhibitors, budesonide, or participation in clinical trials;
therefore, the medications received by the included patients did not interfere with IIgANPT
results and likely had no significant impact on B cell characteristics.

The COVID-19 pandemic also affected study progress. Patient and control group
recruitment, as well as collaborative work within the research team, were slowed by
epidemiological regulations and variable staff employment conditions. Many patients declined

hospital visits due to fear of infection. Additionally, delays in the microbiome analyses occurred
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due to differing perspectives between nephrologists and biostatistics specialists regarding
analysis methodology.

Dietary influence on the gut microbiome represents another potential confounding
factor. Study participants completed three-day food diaries, but these have not yet been
analysed. This provides an opportunity for a future study combining dietary habits, microbiome
profiles, and B cell characteristics to better understand disease-associated microbiome changes.

Despite these limitations, up-to-date methods were employed, including
immunophenotyping of peripheral blood B cells by flow cytometry, shotgun sequencing of
DNA libraries, and functional profiling using specialised software. The results are reproducible
and have been published in open-access journals. Overall, this research represents
a collaborative team effort, and the findings provide a strong foundation for further studies in

IgAN pathogenesis and the gut-kidney-immune axis.
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Conclusions

Patients with IgAN who have risk factors such as male gender, higher scores for tubular
atrophy/interstitial fibrosis, and elevated diastolic blood pressure have an unfavourable
prognosis for kidney survival over a five-year period, resulting in faster decline of renal
function and progression to ESKD.

The observed and predicted risks using IIgANPT were similar, indicating that this tool can
be effectively applied in the Latvian population.

Dysregulation of mucosal immunity drives the increased naive B cell activation in germinal
centres, giving rise to IgA"CD27'CD21" B cells and subsequently IgA-producing
plasmablasts.

Compared to healthy controls, patients with IgAN exhibit a reduction in
butyrate-producing bacteria, which are essential for maintaining intestinal barrier function.
Functional profiling of the gut microbiome in these patients suggests immune activation
and inflammation, as indicated by increased activity in various nucleoside biosynthesis

pathways.
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Proposals

For better IgAN diagnostics in Latvia, urinalysis should be performed as a screening
method at least once in adults aged 18-30 years and in all patients with hypertension. Patients
with any grade of proteinuria or haematuria should be evaluated for kidney biopsy and receive
follow-up care from a general practitioner or nephrologist, depending on the clinical
manifestations.

As IgAN is a heterogeneous disease with an unfavourable prognosis, risk assessment
based on clinical factors and the IIgANPT results should be performed at diagnosis and every
six months during follow-up. For patients at higher risk of progression, more aggressive
lifestyle modifications, including dietary guidance, along with optimal blood pressure control

and the use of maximally tolerated agents to inhibit angiotensin II activity, should be initiated.
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Research Permission approved by Ethics Committee of
Pauls Stradins Clinical University Hospital

Paula Stradipa kliniskis universitites slimnicas
Attistibas biedribas
KLINISKAS IZPETES ETIKAS KOMITEJA

Darbojas saskapi ar SHK LKP un vietéjim normativajim prasibim
ATZINUMS Nr.100118-10L

1. Akadémisks pétijums “IgA nefropatijas klinikas, patologijas, terapijas un
iznfikumu analize pacientiem, kuriem veikta nieres biopsija PSKUS 5 gadu laika
perioda”

2. Pétijuma protokola numurs: nav

3. Pétijuma autors un pétijuma norises vietas:
Linda Ku&ane - VSIA “Paula Stradipa kliniska universitates slimnica”, Pilsoqu
iela 13, Riga, LV-1002, Latvija
Darba vaditajs: Prof. Aivars Pétersons

4. Izskatitie un apstiprinitie dokumenti:
4.1. Pétijuma protokols;
4.2. VSIA "Paula Stradipa klTniska universitites slimnica” atjauja pétfjuma veik3anai;
4.3. Petnieka CV.

5. Etikas komitejas atzinums — pozitivs

6. Etikas komitejas locekli, kuri piedalijas balsoSana:

Péteris Stradin — kardiokirurgs Juris Pokrotnieks — gastroenterologs
Ilze Aizsilniece — gimenes arsts Inga Vigante — filologs

Biruta Kup&a — psihiatrs Péateris Ersts — jurists

Santa Purvina — farmakologs Daina Biseniece — kimike

7. Etikas komitejas sédes datums: 2018. gada 10.janvaris

Etikas komitejas priekSsedétajs

KLINISKAS 1ZPETES
ETIKAS KOMITEJA

Paula Stradipa kliniskas universittes slimnicas Attistibas biedriba
Pilsonu 13, Riga, LV- 1002, Tel. +371 26380055 fakss +371 67069946; E — pasts: etikas-
komiteja@stradini.lv
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Paula Stradipa kliniskas universitites slimnTcas
_ Attistibas biedribas
KLINISKAS IZPETES ETIKAS KOMITEJA

AN

Darbojas saskana ar SHK LKP un vietéjaim normativajim prasibim
ATZINUMS Nr. 191219-6L

1.Pétijuma nosaukums: Zarnu disbakteriozes un B 3inu mijedarbibas nozime

iminglobulina A nefropitijas patogengzé.
2.Pétijuma protokola numurs: n/a

3.Pétijuma komanda un norises vietas adreses:
3.1. Pétijuma vaditajs: Asoc.prof. Harijs Cerpevskis — Paula Stradina kliniska universitates

slimnica, Nefrologijas centrs, Pilsopu iela 13, Riga, LV-1002, Latvija
3.2. Pétnieks: Dr. Viktorija Kuzema - Paula Stradina kliniskd universitates slimnica,

Nefrologijas centrs, Pilsonu iela 13, Riga, LV-1002, Latvija
3.3. Pétijuma norises vieta: Paula Stradina Kliniskds universitates slimnicas Nefrologijas
centrs, Slimnicas Apvienoti laboratorija, Rigas Stradina universitates Onkologijas institits,

Biologijas un mikrobiologijas katedra.
4.Izskatitie un apstiprinitie dokumenti:
4.1. Pétijuma protokols;
4.2, Pacienta informétas pickri$anas veidlapa latvie3u un krievu valoda;
4.3. Pétnieka CV.
5.Etikas komitejas atzinums — pozitivs

6.Etikas komitejas locek]i, kuri piedalijas balsoSana:

Ilze Aizsilniece — gimenes arsts Santa Purvina — farmakologs
Péteris Ersts — jurists Irina Vinnika — biologs
Dace Selecka— jurists Juris Pokrotnieks — gastroenterologs

Daina Biseniece — kimike Sergejs ZadoroZnijs — traumatologs - ortopéds

Inga Vigante — filologs

7.Etikas komitejas datums: 2019. gada 19.decembris.

XS UNIVERS 75
Etikas komitejas priek¥sedatijs /// . j‘-‘“"a' ; Stradin$
7 KLINISKAS IZPETES
ETIKAS KOMITEJA
AT rie=r
Paula Stradina kliniskis universitates slimnicas AttTstibas bedrT

Pilsonu 13, Riga, LV~ 1002, Tel. +371 26380055 fakss +371 67069946; E — pasts: etikas-
komiteja@stradini.lv

96



Informed Consent Form

PACIENTA INFORMETA PIEKRISANA
par dalibu Bigas Stradina universitates veiktaja petijuma
“Zarnn dishakteriozes un B finu mijedarbibas nozime
imiinglobulina A nefropatijas patogenézé™

Pétijuma Istenotijs - Figas Stradina universitites Biologijas un mikwobiologijas katedra,
Dzirciema fela 16, Riga.

Petfjuma meérkis — noteikt B o tipus un to funkeijas, k3 a7 zamo milrobioma (dazado
baktErijo populiciju) izmainas iminglobuling A nefropdtijas pacientiem salfdzinct ar veseliem
cilvekiem.

Personas datu apstraides mérkis — noteilt imdnglobulinag A nefropatijas pacientu specifiskas
imiinas siztémas §inu un mikrobioma izmainas, analizet pEijuma laiks iegitos datus par B oo
funkeciju un disbakteriozi saisttbd ar patologiskim izmainfm nierz biopsiju materidld un
slimibas kifnisku gartu.

Datu Parzinis pétijuma ietvaros:

Figas Stradina universitdte

Adrese: Dzirciema iela 16, Riga

Personas datu speciflista kontaltinformEcija: personu dati@rsu. v

Personas datu apstrades tiesiskais pamats: Visparigis datu aizsardzibas regulas 9 panta 2 punkta
a) apakipunkts.

Ar sikaky inform3ciju iespBjams iepazities REU Privituma politikd www.rsulviprivatuma-
politits

Cienitd kundze!

Godatais kungs!

MEs uzzicindgm Jis piedalities pEtfjum3 “Zarmuy disbakteriozes un B 5Gnu mijedarbibas nozime
imiinglobulina A nefropdtijas patogendze”, ko veic Rigas Stradina universitite (RSU) sadarbibd
ar Panla Stradina KithiskS: Universitites slimnfeas (PEEUS) arstu - nefrologu komandu.
Velamies Jis iepazistingt ar petijuma merki, norisi un sature. Pirms 5 dokumenta parakestifanas
ropigi izlasiet visu inform3ciju! Pirms dolumenta parakbstifanas Jums i tiesibas uedot
jautEjumus par peffjumu un sanemt vz tiem athildes.

Imfinglobuling A nefropatija (IzAN) ir autoimiinag slimiba un bie?alais no glomemlonefiitiem
kas veicing niery marspSjas atilztibu. Slimiba izpauZas ar dafidu kithislu aing, no izmainim
urina analize [dz &tri progresgjodal gaital. Termindla nieru mazspE)ja attistas [Idz 39% pacientn
20 gadu laiks_ Ir aldudli izprast Iz AN iespEjamus slimibas atffstihas mehanismus. Ir iespSjams,
ka dishalkterioze: (nelabvEligo baktEryju pirsvaram zamu traktd) ir loma slimibas attistihd
Nelabveligas baktsrijas ne tileal izstumy labveElizas baldBrijas, nelanjot t3m pildit savas funleijas
— zafkelt uzturvielas, bet &7 var novEjingt imunitsh, rada zarmo caurlaidibo. Indngs sistSmas
(B) ¥nam ir centr3lE nozime [gAN atfi=tibd caur antivielu raZofanu un citiem veidiem. Misu
péEtTjums bis pirmais, kas aprakstls B $inu sast@v asit un niers paraugos Eiropas populacijd.

Petijuma norise:

Petfjums norizinisies no 2020.gada 1 janvara [Idz 2022 .gada 31 decembrim Paula Stradina
Kltniskajd Universitates slimnicd. Pacienti ar pieraditu [zAN diagnozi pec niern biopsijas ir
uzrundti piedalfties pStijumE, amakot pie nefrologa vz ambulators konsultaciju. Iepriekds)a
slimibas vEsture tiks analiz&ta ar Jisu atlauju no ambulatordm un stacionSra medicTisksm
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Annex 4 continued

kartém_ lai savaltu datus par kopju veselibas stavokli un laboratonsk@m izmaindm biopsijas
veilEanas bridi
Pielritot piedalities pEifjuma:

o Pirmajd vizité Jums tiks izskaidrota pStijuma gaita, analiFu nodofanas kEriiba un
sagatavosanis, tiks iedoti trauki analfZu materizla nodofanai.

o Ar Jums vienojas par nikamis otrSs vieTtes datumu, kad Jis atndlesiet tulds 6253 uz
PSEUS un atnesiziet no majam divus fetu analifn parangus, viens no tem tils
izmantots mikrobioma analfzed, otrs bis glabats bichankd (-20°C), urfna analiz, lai
precizéty niery slimibas izpausmi, k3 a7 3 dienu laikd aizpilditu partikas urnemiznas
anketn.

o Uz vietas PSKUS otr@s vizites laikd Jums tiks uzdoti jautajumi par slimibas attTstibu,
blalusslimibam, esofu paSsajitu. lietotiem mediksmentiem, nieru aizstijterapijas
metodi (ja t2da ir), kaifipiem jeradumdern tiles veilda Srsta apslate. Jums panems asins
analizes biokTmisled izmekdeiana. B #0nu izdalifanad, disbakteriozes noteikfanzi, bis
jEnodod shimnicd vEl viena wina analize f3nu mikroskopianal, disbalteriozes vieln

o Lai varétn novertet dinamikd slimibas gait, JOs aicinfs uz 3vizin PEEUS péc 5-7
méenediem kad bis veikta tAda pati izmellSZana ki3 otrds vizites laild.

Teguvumi:

Petfjuma dalibniekiem pazinos par mikrobioma sastave un nieru funkeiju pec analizn veikfanas,
ar pétnicku izrunds neskaidms jartEjumus par slimibu un sanemty GrstEiann, k3 arf tils regolan
medicinisk noverch.

Patfjuma ieguiiims sabiediibai — izpStht mikrobicma un imilinas siztSmas $0nu zastiva iznainas,
raksturigas $ai slimibai. Ja peifjuma laikd atkliEs vienddas mikrobioma vai B $0nw izmaingo
tendences, tad nakotne, 1ai paildzinatu periodu Bdz termindlai niers mazspsjal, apsverama jEun
medikamentn lietofana.

Risks un neertibas (diskomforts)

Petfjuma dalibnielkierm ir zindmas nedriibas. It jErezerve 40 minftes laika katrai no slimnicas
vizitem (kopd 3 vizites). Piedaloties pBtfjuma vajag mijas savilt materidlu feiu analiz&m un
dienas laikd to nogidit Hdz pStnielam k3 arf nodot materiflu (winn uwn asinis) vz vietas
slimnicd JespSjamas s3pes diriena vietd pie analin panemEanas no vEnas un Blaielzi pec tas.
Paaugstindtu risky dalibai pSffjum3 nav.

Konfidencialitate:
Personas datu apstrade notikes atbilstodi “Fizisko persomu datn apstrides liknima™ prastham.

Petfjuma dati tiks apkopoti vienotd anketd, kur nefigures vards, vzvards, dzimianas dati, bet
pacientam bz piedkirts kirtas nwmuors. Pielrifanas veidlapas tiks glabdtas 73 gadus REU
milrobiclogijas katedras telpd specifli izveidotd arhivd, kuram varSs pieklht tikai projekta
petnieki. Biologiskie paraugi bis indificEjami pétijuma laiks (3 gadus), pEc pétijuma beigim
viens fEfu un asins parangi tiks pseidonimizéti No 27-30 ml asins materidla dala tiles
izmantota B E@mu izdali¥fanai mazdk materidla bz sasaldeti un glabdsies PSKUS REU
Onlcologijas institita laboratorijd pielrifanas formu vzglab3fanas laikd Turpmak atlibuZais
materifls varSm b0t izmantots citos Rigas Stradina universitites pStfjumos, kas sanfnmmédi
normativajos aktos noteiktds atlanjas (piemEram, IzAN genoma analize). No diviem fEcu
paraugiem viens tiks izmantots mikrobioma analfzei, otrs glabdsies RSU Biologijas un
mjhobmlngnjas katedras biobankd Uriha paraugi bis analizeti PSKUS J'3",]::'.'1va:t:.u:rl:a la}:lo-ralorqa_
RSU Bioclogijas un mikrobiologijas katedras laboratorijd, pec rezultita ieglifanas paravgi tiks
utilizéti k3 biologiskais materizls,
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Annex 4 continued

Biologizks materiila paraugi tiks uzglabit pseidonimizstd veids laboratorij2 piekrifanas formu
uzzlab3ianaz laik3.

PEtijuma rezultsti bis plesjami pétijuma gabrenajiem petnickism, par rezultitiem informacin
varés sagemt tkal pats pacientz atnikot pie drsta uz konsulticnu Telefomska athildes nebis
snlegtas. (imenes Srstam val citam slomnicas Srstam nebils pieejas analfZo rezultitiem.

Tieszihaz atteikties vai partraukt piedalizano: pétijumi. Pisdalifand=z #3j3 pétfumid ir
brTvpratiga. Jums ir tiesibas atteikties piadalities patium3 vai parfraukt dalibu pétium3 jebkurd
laik3. Tiazu atteikfanisz piedalities peffjumi val dalibas parraukfana neradiz nek3du nevElamu
ietekmi uz Jums sniegtis veselibas apriipes kvalitit.

Jz Jiz pirdem3ziet un vElEsistiss atzaukt szzvu dalibu pétfiums, lEdzu, sazimieties ar EEU
patmeku . pa telefomu (31 val  e-pastu -
o iBstradio by,

Jantdjumi vai bagas. Jums vajadzStu jautdt Srztdjofajam Srstam par visim neskaidribdm
szistihE ar Jiso dalibu £2j3 péthum3i, kamsr atrodatiss Arstiecibas iestids. Jis arT turpmik
varat uzdet jautdjumus, ja Jis n.e:i.'z.]:-mlaf, kas tiek darits, vai vElaties 1egfit papildn inform3ciu.
Ja v&laties sagemt kc:-n_ﬂ.uliam_]u val pap]ldu I]‘.'I.'E.'.‘Emﬂ.cl_‘l'l.l par petijumw, 1idz sazmaties ar KET
patmeku.... .

I:a.szllda pet:u-ﬁ: dcll:umt:. pm.kstlsa.uaz. d]eua'.j

8iz dolouments ir sastadits divos ek=emplaros, no kuriem viens atrodas pie pEtijuma veicdja, bet
ofrs — pie pEtim3s personas.

Liidzu, parakstiet $o piekrizanaz veidlapu tikai tad, ja piekritat dalibai 5ajd pétijum3i un
esat sanémis izzmeloias un apmierinozas athildes uz visiem saviem jautijumiem)

Lidezn, katr3 ram T atzimépet | X7, noradet, ka piekritat dotajiem apgalvopmism.

B sanfmis un tepazinies ar raketiskuy inform3ciju par veiktd patfjiuma marki, saturn
un iszpdjamiem rizkiem. Uz viziem maniem jautdjuomism esmu sanfmis izzmelodaz
athildes.

Ezmu zan@mis un 1epazinies ar inform3ciju par manu perzonas datu apstrades tissizke

2. | pamatu, mérk, apomu, glabZEanas ilgumuw wm iznfenEzanu, k3 arf escio wm | o
lespEjamism perzonas datu sapEmE)iem.

Eamu inform@ts, ka jebkura mani identificdjoda mformacna bis kenfidencidla, un mam
3. | personaz datu apstride tiks veikia athilstodi labas klfnizsk3s praksez principiem wn | o
saskans ar spskd esofo normativo akdn prasiham.

Pielyfin PEtfjuma rezultitd legito persomas datu apstrider un uzglab3ianai, kaz
4. | nepiecieizma PEfMjuma méerka zamiegfanal, personas datu nodofanai Kizas Stradiga | o
unrversitater.

Eamu mforméts, ka man ir tiesibaz jebkurd bridl labot, papildindt vai parraukt mam
perscnas datu apstradi val jautdt par zavo personas datn 1znieinZfamn, k3 arfman ir | ©

LN
h

tiesThas 1egit visu inform3ciju, kas it savikta par maniem personaz datiem.
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Annex 4 continued

Aplizcinn, ka brfvprafizi piekriin dalibar PEtiiom3 on apzines, ka jeblowrd bridi,
nezniadzot paskaidrojumu, vare ateelt So plekniZanu un tas neetekmies manu turpmako
drztEianos. K3 arf, esmn mformsts, ka 343 gpadfjum3 jebkura mani identificdjoda
mformactja tiks 1znicindta val anonimizata.

Piekritu, ka mans hiologizkaiz materiils, kaz savikts patijuma realizéianas gaiti, pac
patljuma nozlégianis preidoanonimizEti veidd turpmak tiek glabdts BATU Biologijas un
7. | mikrobiclogijas katedraz un PEEUS RESU Onkologijas mstitita laboratorijas bickanks | o
un var tikt izmantots citos Figas Stradips universitites pétfjumos, kas sap@musi
normativajos aktos noteiktZs atlanjas.

P&tam3s parsonas paraksts Petniska paraksts

(virds, uzvinds) [wiirds, uevirds)

Datumez
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Annex 5

Pathway of B cell activation in IgAN

¥ Yo

IgA*DN1  IgA‘SwM  IgA-secreting

B cells B cells plasmablasts
CD19*1gD-  CD19" IgD- IgD- CD27*
CD27-CD21* cD27+ CD3sH
T-bet
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