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Abstract

Introduction

IgA vasculitis (IgAV, formerly Henoch Schonlein purpura — HSP) is the most common vasculitis
encountered by paediatricians. Despite an excellent outcome in the vast majority of children, a small
subgroup will suffer from a prolonged disease course and renal involvement (IgAV nephritis — IgAVN)
remains a concern with 1-2% developing chronic kidney disease 5. An improved understanding of the

disease pathophysiology alongside standardisation of care is required to improve disease outcomes.
Aim

The aim of this thesis was to improve the understanding of disease activity in paediatric IgAV.
Material and methods

Initially, this thesis retrospectively described the clinical characteristics and factors associated
with children with recurrent/persisting disease and a systematic literature review was performed to
identify definitions of recurrent and persisting IgAV in order to propose standardised definitions.
Subsequently, this thesis used enzyme-linked immunoassays (ELISA) on a cohort of 47 children with
IgAV and 12 healthy controls (HCs) to identify differences in the urinary concentrations of
immunoglobulin A (IgA) and complement C5a. Finally, proteome profilers array kits were used to
evaluate the variations in the urinary proteome between patients with and without nephritis by semi-

guantitatively assessing 124 key proteins of inflammation in children with IgAV and HCs.
Results

A total of 13 children were included in the case series: (9 recurrent, 4 persisting). Joint
involvement was the main reason prompting referral, the median time from initial presentation to
diagnosis was 18.4 months (range [5.3-150.8]) and to treatment with disease-modifying anti-
rheumatic drugs was 24.1 months [1.8-95.4]. The systematic literature review identified 40 studies,
allowing a proposed definition of recurrent IgAV (‘a new onset of typical purpura alongside any other
characteristic signs of IgAV -as per EULAR/PRINTO/PReS- at a time 4 weeks after the complete
resolution of previous symptoms’) and persisting IgAV (‘typical purpura alongside any other

characteristic signs of IgAV -as per EULAR/PRINTO/PReS- lasting over 4 weeks’).

The ELISA data revealed that urinary concentrations of IgA and C5a were statistically
significantly increased in patients with nephritis -IgAVN group- (IgA-205.0pug/mmol [51.8-850.1]; C5a-
66.4ng/mmol [12.5-345.1]) compared to patients without nephritis -IgAVwoN group- (IgA-p=0.006;
C5a-p=0.006) and HCs (lgA-p<0.001; C5a-p=0.001). Both markers were individually excellent at
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distinguishing IgAV patients with and without nephritis (IgA—AUC=0.811, p=0.002; C5a—AUC=0.826,
p=0.001).

The proteome profilers identified 20 urinary proteins that were significantly increased in
IgAVN compared to IgAVwoN. The largest fold-changes were reported for B-cell activating factor,
Cripto-1, sex-hormone binding globulin, angiotensinogen and apolipoprotein Al. The urinary levels of

complement components C5/C5a and factor D were also statistically significantly increased in IgAVN.
Conclusion

This thesis investigated some aspects of complex disease activity in paediatric IgAV. Initially,
in children with a recurrent and/or prolonged disease course, then the discovery of urinary markers
of kidney inflammation provided novel insight into the pathophysiology of IgAVN and potential
therapeutic targets. Further large longitudinal studies, randomised clinical trials and standardised

clinical guidelines are urgently needed to improve outcomes in this disease.



Acknowledgements

First, words cannot express my gratitude to my supervisor, Dr Louise Oni, for her unparalleled
support and guidance throughout the year. Her dedication to my academic development has gone
above and beyond the expectations of an MPhil supervisor and she has provided me with the most
incredible opportunities. She has been an outstanding mentor and role model: | will be sure to take

what | have learnt from her throughout my career.

Secondly, to Dr Andrew Chetwynd, for his amazing supervision throughout the year, for
sharing with me his extensive knowledge and for his valuable constructive feedback. He has remained
so approachable and incredibly patient. To Dr Rachael Wright, for her supervision and help at the start

of the year, and for staying approachable even after leaving the laboratory group.

To Catherine McBurney, Silothabo Dliso, Jessica Tiffins, all of the Clinical Research Facility staff
and all of the EATC4Children group, for making me feel so welcome and treating me as a valued
member of their teams from day one. The things | have learned from each and every one of them are
priceless and have not only contributed to this thesis and its outputs but will be invaluable to my
future career. It has been a real pleasure to work alongside such inspiring clinicians, scientists and

technicians.

Next, | would like to thank the people and co-authors who contributed to the work included
in this thesis: Sarah Northey and Rachel Corkhill for conducting the C5a ELISAs; Sam Edwards for
helping to conduct the serum IgA ELISAs; Chloe Williams for helping to identify the cohort for the case

series.

Then, | would like to express my sincere gratitude to the FAIR charity for making this research
possible through their generous financial support, and to the BAPN, whose financial support allowed

me to travel to Slovenia for a conference.

To my friends and housemates for always making time to listen to me after a long day and for
their eternal optimism. To my MPhil and library buddy, Lily Jones, for her moral support and her
reassuring words in the slight moments of panic. To my mum, for always believing in me and

supporting me throughout my studies.

Finally, and more importantly, | am most grateful to the children and young people who
participated in the IgAV study and their parents/carers. None of this work would have been possible
without them and we will continue to strive to improve the health and wellbeing of children and young

people living with autoimmune diseases.

10



Outputs arising from this MPhil

Publications

Marro, J.; Chetwynd, A.J.; Wright, R.D et al. Urinary Protein Array Analysis to Identify Key Inflammatory

Markers in Children with IgA Vasculitis Nephritis. Children (2022).
https://doi.org/10.3390/children9050622 (Appendix 1).

Rachael D Wright; Julien Marro; Sarah J Northey; et al. Urinary complement proteins are increased in
children with IgA vasculitis (Henoch-Schonlein purpura) nephritis. Submitted to Pediatric Nephrology
on May 4%, 2022.

Andrew J Chetwynd, Julien Marro, Laura Whitty et al. How are micro-sampling and home testing kits

perceived by children and young people? Submitted to Health Expectations on June 6%, 2022.

Presentations
Julien Marro, Rachael D. Wright, Andrew J. Chetwynd et al. Oral presentation at the BAPN Winter
Meeting (January 2022). Urinary IgA and C5a are indicators of renal involvement in children with IgA

Vasculitis.

Julien Marro, Chloe Williams, Louise Wadden et al. Oral presentation & poster at the International
ANCA and Vasculitis Workshop in Dublin (April 2022). A case series on recurrent and persisting IgA

Vasculitis in Children.

Julien Marro, Rachael D. Wright, Andy J. Chetwynd et al. Poster at the International ANCA and
Vasculitis Workshop in Dublin (April 2022). Urinary IgA and C5a are indicators of renal involvement in

children with IgA Vasculitis.

Julien Marro, Andrew J. Chetwynd, Rachael D. Wright et al. Oral presentation at the Cheshire and
Mersey Academic Nephrology & Transplant Showcase (May 2022). Urinary Protein Array Analysis to

Identify Key Inflammatory Markers in Children with IgA Vasculitis Nephritis.

Julien Marro, Andrew J. Chetwynd, Rachael D. Wright et al. Poster at the 54" annual ESPN Meeting
(Slovenia, June 2022). Urinary Protein Array Analysis to ldentify Key Inflammatory Markers in Children

with IgA Vasculitis Nephritis.

Julien Marro, Andrew J. Chetwynd, Rachael D. Wright et al. Oral presentation at the RCPCH Conference
(Liverpool, June 2022). Urinary Protein Array Analysis to Identify Key Inflammatory Markers in Children

with IgA Vasculitis Nephritis.

11


https://doi.org/10.3390/children9050622

Julien Marro, Chloe Williams, Louise Wadden et al. Poster at RCPCH Conference (Liverpool, June 2022).

A case series on recurrent and persisting IgA Vasculitis in Children.

Prices and awards

e 3" best oral presentation (British Association for Paediatric Nephrology, 2022)
e International Vasculitis and ANCA Workshop registration bursary (2022)

e BAPN travel award (British Association for Paediatric Nephrology, 2022)

12



COVID-19 disruptions

During this year, the course of the COVID-19 pandemic has been easing and therefore, the
Institute in the Park laboratory and offices did not close. In addition, recruitment to all studies at Alder
Hey remained open. However, COVID-19 still has had some minor indirect disruptions on my MPhil
year. Most meetings were held online, and the BAPN Winter Meeting, which was my first conference,
had to be held completely virtually due to concerns regarding the emergence of Omicron. Similarly,
the shift towards the use of “e-Posters”, even in face-to-face conferences that | was lucky to attend,
meant fewer opportunities to interact and network during poster viewing sessions. In terms of the
recruitment to the study, patients were overall less likely to attend their follow-up appointments and
it was more challenging to recruit patients and healthy controls at times when clinicians were already

under pressure due to the pandemic.

13



List of tables

Table 1.1: Cytokine profile in the serum of patients With ISAV.........cccoviiiiiiiiiii e, 29
Table 1.2: The EULAR/PRINTO/PReS classification criteria for childhood IgAV ..........ccccvevievvevvennenns 32
Table 1.3: Severity of renal involvement in ISAVN ........oii ittt s e e 33

Table 1.4: The grading system of the International Study of Kidney Disease in Children (ISKDC)

classification for pathological scoring of ISAVN in children.......cccoccoeiiiiiiiiiiiciie e 34
Table 1.5: Criteria to refer children with IgAV to paediatric nephrology.......ccccccoviviviieiiiiieeeiiienen. 35
Table 1.6: Treatment algorithm for IgAVN in children based on nephritis severity ......ccccccceevrvinennnn. 38
Table 1.7: Inclusion criteria to the IGAV StUAY ........ooiviiie i e e 39
Table 2.1: Search strategy and key concepts used for the systematic literature review.................... 47
Table 2.2: Eligibility criteria for inclusion/exclusion from the systematic review...........cccoeeeveeecneenne 48
Table 2.3: Clinical characteristics of children diagnosed with recurrent or persisting IgAV ................ 51
Table 2.4: Medications received by children diagnosed with recurrent or persisting IgAV................. 54
Table 2.5: Comparison of treatment regimen between patients with and without nephritis............. 55
Table 2.6: Disease burden and outcomes of the cOhOrt ........ccceeviiiiiiiiiciic e 56

Table 2.7: Mean recurrence rates reported by studies depending on the asymptomatic interval .....59

Table 2.8: Definitions of persisting IgAV in children from the systematic literature review ............... 60
Table 2.9: Definitions of persisting purpura in children from the systematic literature review.......... 61
Table 3.1: Patients characteristics at Baseling .........ccocuvriiiiiiiii e 75
Table 4.1: Patients characteristics at baseling .........ccocueriiiieiiin e 90
Table 4.2: Proteins with a fold-change of at least 2.0 (or <0.5) between IgAVN and IgAVwoN .......... 92
Table 4.3: Significant urinary proteins identified between IgAVN and HCS ..........cceecvveeeeiiieeecccineennn. 94
Table 4.4: Proteins reported significant by one comparison in at least one Kit.........cccceeeeevieeeecnnnnnn. 96
Table 4.5: Other urinary proteins significantly increased in IgAVN vs. ISAVWON ..........cccccccvveeeennnenn. 102

14



List of figures

Figure 1.1: The different forms of IGA ... e e e s 24
Figure 1.2: Deposition of gd-IgA1l immune complexes in the kidneys ......cccccvvevevcieiiiicec e, 25
Figure 1.3: The potential role of AECAS iN IZAV .......uiiiiiiiiieciiieecrtes ettt sree e ree e e e sree e s 26
Figure 1.4: A simplified summary of the complement system.......cccceeviiiiiiriiee e, 28
Figure 1.5: IgAV typical purpuric rash demonstrating petechia and purpura.......ccccccovveeeivcieeeinnneen. 30
Figure 1.6: Number of recruits to the IgAV Study over time since the opening of the study.............. 41
Figure 2.1: Flow chart for selection of the COROIt. .......cuviiiiiiiii e 50

Figure 2.2: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram presenting the process of screening and selection ..........cccceeecieeeeciiee e e 58
Figure 3.1: Range finding eXperiment r@SUILS.......c.uiiiiiiie ettt e e e e e 71
Figure 3.2: Urinary IgA/Cr (a) and C5a/Cr (b) levels between patients with IgAV compared to HCs...76
Figure 3.3: Urinary IgA/Cr (a) and C5a/Cr (b) levels by patient 8roup .......cccceeeeveeeceeeciveeecieceiee e 77
Figure 3.4: Correlation between urinary IgA/Cr and UACR in patients with IgAV (a); C5a/Cr and UACR
in patients with IgAV (b); IgA/Cr and C5a/Cr in the whole cohort (€) ......cccevveevieeciiececceeceeceeeee, 77

Figure 3.5: Serum IgA levels in patients with IgAV compared to HCs (a) and in patients with IgAVN,

ISAVWON QN HCS (D) ..ottt ettt et e e st e e st e e s taeebbeesataeessseesnteesnsasesnsannnns 78
Figure 3.6: Correlation between urinary IgA/Cr and serum IgA levels.........ccccoeeveeieeceevieeneecee e, 79
Figure 3.7: Receiver operating characteristic (ROC) cUrve analyses .......ccoccevvvervurrriernieeneenieeseeseeeneens 80
Figure 4.1: Exploratory data analysis representation.........cccueeviiiiieenieeenieeniec et 91
Figure 4.2: Volcano plots of ISAVN VS. ISBAVWON .....cccuiiriiiiniieiiie ittt ettt sre e s saeeesvee e 92
Figure 4.3: Volcano plots Of IGAVN VS. HCS.......cocoiiiieeiiieee et ee e e evee e e aree e e e aae e e e e ntae e e enreeas 93
Figure 4.4: Volcano plots of IBAVWON VS HCS.....ccuuiiiiiiiieee ettt et e e iree e e e saee e e enrae e e e 95

15



List of abbreviations

AAV ANCA-associated vasculitis

ACE Angiotensin-converting enzyme

ACR American College of Rheumatology
ADCC Antibody-dependent cell-mediated cytotoxicity
AECAs Anti-endothelial cell antibodies

AGT Angiotensinogen

AJC Andrew J. Chetwynd

ANA Antinuclear antibodies

ANCA Antineutrophil cytoplasmic antibodies
ApoAl Apolipoprotein Al

ARB Angiotensin Il receptor blocker

ASO Antistreptolysin O

AUC Area under the curve

BAFF B-cell activating factor

BP Blood pressure

BVAS Birmingham Vasculitis Activity Score
CASP Critical Appraisal Skills Program
CD40L Cluster of differentiation 40 ligand
CDC Complement mediated toxicity
CENTRAL Cochrane Central Register of Controlled Trials
CFB Complement factor B

CFD Complement factor D

CKD Chronic kidney disease

Cr Creatinine

CRF Case report form

(o Corticosteroids

cw Chloe Williams

CXCL1 CXC motif chemokine 1

CXCL16 CXC motif chemokine 16

DMARDs Disease-modifying antirheumatic drugs
eGFR Estimated glomerular filtration rate
EGF-R Epithelial growth factor receptor
ELISA Enzyme-linked immunosorbent assay
ENT Ear, nose and throat

ESR Erythrocyte sedimentation rate

16



EULAR European Alliance of Associations for Rheumatology
FC Fold-change

FcaRl Fc alpha receptor (CD89)

FMF Familial Mediterranean fever
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Gd-IgAl Galactose-deficient IgAl
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Gl Gastrointestinal
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IT Information technology
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IVIG Intravenous immunoglobulins
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KDIGO Kidney Disease: Improving Global Outcomes
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L-FABP Liver-type fatty acid binding protein

LIF Leukaemia inhibitory factor
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MAC Membrane attack complex (C56b-9)
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MCP-1 Monocyte chemoattractant protein-1
MDU Medical day case unit

MEST-C Oxford classification of IgA nephropathy
MMF Mycophenolate mofetil

MMP-9 Matrix metalloproteinase 9

NAG N-acetyl-B-glucosaminidase

NETS Neutrophil extracellular traps

NGAL Neutrophil gelatinase-associated lipocalin
NHS National Health Service

NICE National Institute for Health and Care Excellence
NIHR National Institute for Health and Care Research
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RAAS Renin-angiotensin-aldosterone system
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1. Introduction

1.1. IgA vasculitis in children

Immunoglobulin A vasculitis (IgA vasculitis -IgAV-, formerly Henoch Schénlein purpura -HSP-)
is an immune complex-mediated vasculitis affecting the small blood vessels. It is the vasculitis most
frequently encountered by paediatricians (1) and often presents acutely with a purpuric rash,
arthritis/arthralgia, gastrointestinal symptoms and/or kidney involvement (2). Henoch-Schonlein
purpura was first described by Heberden in 1806. The association of purpura and joint pain was
reported by Schonlein in 1837, who named the disease “peliosis rheumatica.” In 1874, four cases of
children with skin lesions, colicky abdominal pain, gastrointestinal bleeding and joint pain were
described by Henoch and in 1899, he described for the first-time renal involvement in HSP (3). In 2012,
the eponym “Henoch-Schonlein purpura” was replaced by “IgA vasculitis” in an attempt to standardise
nomenclature to better reflect the pathophysiology of this disease (2), although the term HSP is still

widely used in clinical practice. This thesis will focus on paediatric IgA vasculitis.

1.1.1. Epidemiology

Despite being the most common vasculitis in children, IgAV is rare and the annual incidence
rates have been reported to range from 3 to 27.2 per 100.000 children. Peak incidence is 4-7 years
old, with 90% of patients presenting aged less than 10 years (4). It is less common in teenagers and
rare in adults (5, 6). Children older than 10 years old at presentation are at an increased risk of
developing renal involvement (7) and increasing age at onset may be a risk factor for a poorer
prognosis, which includes progression to chronic kidney disease stage 5 (CKD 5) and
relapsing/persisting IgAV (8-12). The disease has a slight male predominance with a male: female ratio

of 1.5:1 (1), although this can vary across studies.

Different incidence rates have been reported for different ethnic populations, yet, evidence
is lacking to ascertain any true ethnic variation. The highest incidence rate was reported in Korea at
55.9 per 100,000 children per year (13) but other studies of Asian populations reported lower
incidence rates ranging from 9.6 to 12.9 (14, 15). Perhaps, the most robust study to date that
estimated the annual incidence of IgAV in children from different ethnic origins was conducted in
Birmingham (West Midlands, UK) in 2002. In this study, children of Asian or Caucasian ethnicity had
the highest annual incidence rate of IgAV at 20.4 and 17.8/100,000 children respectively whereas
children of Black ethnicity showed a significantly lower incidence rate at 6.2 / 100,000 children per
year (1). Likewise, a French study also found a lower incidence in children from a North-African
background (16). In Europe, the annual incidence rate is around 20 / 100,000 children (5, 16-18) and

in the UK, the most recent study reported 27.2 per 100,000 children per year (6).
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1.1.2. Aetiology
The cause of IgA vasculitis is currently unknown; however, the disease process is likely to be

triggered by environmental factors in a genetically predisposed host (19).

1.1.2.1. Genetic predisposition
Genetics is thought to play a key role in not only IgAV susceptibility but also its severity (19).
The first cases of familial IgAV were described in 1989 (20) and since then, several studies have shown
that aberrant glycosylation of IgA1l (i.e., lacking galactose in its hinge region, see 1.1.3.1) may be
inherited in IgAV nephritis (IgAVN) (21, 22). However, familial clustering of IgAV remains rare (23, 24)
and IgAV heritability has not been proven yet (23).

Only two small genomic wide association studies (GWAS) (including 285 IgAV patients and
1,006 controls (25); 46 paediatric patients with IgAV and 49 diseased-control paediatric patients with
an inflammatory-bowel disease (26), respectively) have been conducted so far for IgAV. They showed
a strong association between disease susceptibility and human leukocyte antigen (HLA) class Il alleles,
especially with HLA-DRB1 (25, 26). In addition to HLA class Il, a relationship with HLA class | alleles was
reported, although not as strong as what was found for the former, and the authors noted that

susceptibility to most vasculitides was linked to the HLA region (27).

The most recent comprehensive review of the genetic factors involved in the pathogenesis of
IgAV was produced by Lopez-Meijas and colleagues in 2018 (27) and highlighted gene polymorphisms
located outside of the HLA region. Those included genes encoding for cytokines, chemokines,
adhesions molecules, alongside those related to T-cells, aberrant glycosylation of IgA1, nitric oxide
production, neo-angiogenesis, renin-angiotensin system and lipid, pyrin and homocysteine
metabolism, which may be implicated in both the susceptibility and severity of the disease (27).
Furthermore, IL-1, IL-8, and ACE polymorphisms were associated with the most severe renal
phenotype (19, 27). Finally, IgAV can occur in 2.7-7% of patients with familial Mediterranean fever
(FMF) (28) and some studies have highlighted the potential association of MEFV gene mutations with

IgAV susceptibility, although results are inconsistent across studies (27).

Most of those studies, apart from the GWAS, were small underpowered studies using limited
genetic methods (29). In light of those issues, the GIGA-kids study (Genomics of IgA-related disorders

in kids, www.gigakids.org) was established to investigate the genomic and genetic aspects of IgAV,

IgAVN and IgA nephropathy in children (23). Recruitment is still ongoing for this study and the first
results are expected by the end of 2022. In the UK, patients with biopsy-proven IgA nephropathy

secondary to IgAV are also eligible to take part in the National Institute for Health and Care Research

21


http://www.gigakids.org/

(NIHR) BioResources Rare Diseases IgA nephropathy cohort, which aims to develop a national

bioresource of participants with rare diseases mainly for genotyping purposes (30).

1.1.2.2. Environmental factors

In children, the disease demonstrates a seasonal pattern with an increased incidence during
the spring and winter and fewer cases occurring in the summer. This seasonal tendency was shown to
follow the epidemic patterns of various viruses such as influenza, rotavirus, respiratory syncytial virus
as well as norovirus (31, 32) and supports the theory that viral upper respiratory tract infections
(URTIs) are triggers for this disease. Other infectious agents have also been associated with IgAV onset,
especially group A Streptococcus, Staphylococcus Aureus, Helicobacter Pylori, varicella-zoster virus,
hepatitis virus, human immunodeficiency virus, cytomegalovirus, Clostridium Difficile (33) and more
recently, COVID-19 (34). Since IgA is secreted from mucosal surfaces, it was proposed that the ear,
nose and throat system (ENT) may play a key role in the interplay between infection and abnormal IgA
secretion leading to IgAV (19). In addition, oral and ENT diseases are frequent in paediatric patients
with IgAV and those with chronic tonsillitis were found to be at increased risk of recurrent disease and

renal involvement (35).

Some evidence suggests that IgAV may be triggered by certain medications and historically,
penicillin, cefaclor, minocycline, hydralazine and phenytoin were thought to increase the risk of
developing IgAV (36, 37). Arecent French pharmacovigilance study identified several antibiotics (beta-
lactamines, fluoroquinolones and macrolides) and TNF-a blockers as being associated with IgAV
occurrence (38). However, as bacterial infections can induce IgAV, it could be a potential confounder
and a case-control Italian study did not find any association between medications and the risk of
developing IgAV (39). Similarly, for vaccines, findings are conflicting. Increasing risk of developing IgAV
was significantly associated with measles-mumps-rubella (39) and all types of vaccines (38) in the case-
control study and the French pharmacovigilance study respectively. On the other hand, a larger
European multi-centre study found that vaccines most commonly administered to children did not
significantly increase the short-term risk of IgAV onset (40). Nonetheless, Rasmussen et al. proposed
that vaccines could trigger and promote the onset of IgAV by mimicking the immune response against

pathogens (38).

Spatial clustering of IgAV and IgAVN has been reported by one Croatian study. Particularly,
linear clustering of IgAVN in the eastern part of Croatia was shown to follow the Drava and Danube
rivers (41) in a similar pattern that of Balkan endemic nephropathy, which was associated with daily

exposure to ochratoxin A, a common mycotoxin, in wheat and corn from this region (42). Sapina and
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colleagues therefore hypothesised that IgAV and IgAVN clusters may appear in areas of substantial

genetic and environmental factors overlap (41).

1.1.3. Pathophysiology

As its name suggests, IgAV is mainly driven by IgA1 immune deposits (19). IgA is the most
abundant antibody present in the mucosa and plays a key role in host-pathogen first-line defence
despite being continuously exposed to antigens, food and commensal microorganisms. Hence,
normally functioning IgA keeps a tight balance between protecting its host against harmful pathogens
while tolerating food and commensal flora (43). IgA has two subtypes: IgA1 and IgA2 and can be
divided into its monomeric forms in serum compared to forming dimers in as secretory IgA. IgAl
structurally differs from 1gA2 by its O-linked glycan-rich hinge region (44), which contains three to six

O-linked glycan sites.

The pathophysiology of IgAV is complex and it may differ between patients with different

phenotypes.

1.1.3.1. Galactose deficient IgA1 and its autoantibodies

Healthy IgA1l is glycosylated with N-acetylgalactosamine (GalNac), galactose and sialic acid
whereas in IgAVN, the O-glycans in the hinge region are aberrantly glycosylated (i.e., lack galactose)
(Figure 1.1). Higher serum levels of galactose-deficient IgA1 (gd-IgA1) alongside gd-IlgA1 dominant
deposits in the kidney, skin and Gl tract tissues are found in patients with IgAV (44). In addition, higher
serum gd-IgA1l levels are associated with a higher risk of renal involvement in these patients. The
production of gd-IgA1 is thought to be the leading phenomenon triggering the disease, hence it is
considered to be the first hit of its pathophysiology. However, it is unknown what is causing the
production of the gd-IgAl. This could be linked to polymorphisms in genes coding for enzymes
involved in O-glycosylation of IgA1 by B-cells or dysregulation of cytokines, such as IL-6 and IL-8, which
also participate in the regulation of these enzymes. As discussed above, IgAV is often triggered by a
URTI suggesting mucosal antigens play a key role in the disease onset. Activated B-cells can produce
gd-IgAl in mucosa-associated lymphoid tissue in a T-cell dependent or independent manner, which
involves the interaction between B-cell, dendritic cells, and Toll-like receptor pathway (44). However,
although the role of gd-IgAl in IgAVN is well recognised, its role in systemic disease and the vasculitis

itself in patients without nephritis is more controversial.
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Figure 1.1: The different forms of IgA. IgA1 hinge region contains three to six O-linked glycan sites and healthy IgA1 is
glycosylated with N-acetylgalactosamine, galactose and sialic acid whereas galactose-deficient IgA1 (gd-lgA1) lacks
galactose in its hinge region. IgA2 does not have a hinge region and does not possess O-glycans. Both IgA1 and IgA2 have N-
glycans (not shown here). Adapted from Heineke et al. (45).

GalNac residues found in the hinge regions of gd-IgAl or mucosal antigens mimicking the
structure of gd-IgA1 can then be recognised as foreign by the host and induce a humoral response,

resulting in the production of anti-gd-IgA IgG autoantibodies (44).

1.1.3.2. Formation of pathogenic gd-IlgA1 immune complexes
Gd-IgA1l alone is not sufficient to cause the disease and family members of IgAV patients can
have elevated serum gd-IgAl levels without any clinical symptoms, hence the formation of gd-IgAl-
containing immune complexes (gd-IgA1 CICs) is thought to be essential to the disease onset and
progression. Gd-IgA1 can self-aggregate (forming poly-IgA1 aggregates) or binds to IgG autoantibodies
(44). In addition, gd-IgA1 can form immune complexes with soluble IgA Fc alpha receptor (sCD89),

whose levels were shown to correlate with disease severity and progression (45).

1.1.3.3. Deposition of gd-lgA1-containing immune complexes
Small circulating immune complexes are usually cleared by hepatocytes in the liver whereas
gd-lgA1 CICs are large and cannot be cleared normally. They therefore accumulate and can deposit in
the small vessel walls, causing subsequent inflammation. However, the intensity of gd-IgA1-CICs
deposition in the kidney and skin does not correlate with the serum levels of gd-IgA1 (46), which
suggests that immune complexes deposition is influenced by other factors than their size or quantity

(44),

1.1.3.3.1. In IgAVN
In the kidneys, gd-IgA1 CICs, especially gd-IgA1-sCD89 complexes, can activate mesangial cells

through the transferrin receptor (TfR), which has a higher affinity for gd-lgA1 compared to normally
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glycosylated IgAl (47). This subsequently induce transglutaminase 2 (TG2) on mesangial surface
leading to upregulation of TfR expression. This is thought to initiate a positive feedback loop resulting
in enhanced immune complex deposition as well as further mesangial cell activation. This leads to
mesangial cell proliferation, complement activation, production of pro-inflammatory cytokines and
chemokines (especially IL-6, IL-8, TNFs and MCP-1), and apoptosis of podocytes and tubular epithelial
cells, all of which contributes to the recruitment of inflammatory cells and ultimately renal
inflammation (Figure 1.2).

(2) Increased TfR expression = increased binding of gd-1gA1-

(1) Activation of mesangial cells by circulating gd-IgA1- CICs > increased mesangial cells activation

CICs

TG2 induction

(3) Mesangial cell proliferation, cytokine
release, complement activation

gd-lgAl

sCD89
s cytokines
(4) Apoptosis of renal cells and -
recruitment of inflammatory cells, further ',"' :
contributing to renal inflammation L

® o

Figure 1.2: Deposition of gd-IgA1 immune complexes in the kidneys, which results in kidney inflammation. Gd-IgA1-CICs:
galactose deficient IgA1 containing immune complexes; TfR: transferrin; TG2: transglutaminase 2; sCD89: soluble IgA Fc alpha
receptor. Adapted from Heineke et al (45).

1.1.3.3.2. In extra-renal manifestations

It is unclear whether gd-IgA1-CICs play a role in the extra-renal components of IgAV. Several
studies have found no significant difference in serum gd-IgAl levels between healthy controls and
patients with IgAV without nephritis. In addition, IgG-containing immune complexes were reported to
be absent in patients with no renal involvement as opposed to IgAVN (44). Yet, a recent study by
Neufeld and colleagues found cutaneous gd-IgAl deposition in adult patients with both skin-limited
(n =12) and systemic (n = 4) IgAV using KM55 staining. However, in this study, gd-IgA1 serum levels
were significantly higher in IgAVN patients compared to those with skin-limited IgAV, and no
significant difference was observed between the latter group and the healthy controls. The authors
proposed that perivascular gd-IgA1 deposition was required for both systemic and skin-limited IgAV
and that high gd-IgA1 levels in some patients with systemic IgAV may suggest a dose-dependent effect
(48).
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1.1.3.4. The potential role of anti-endothelial cell antibodies (AECAS)

The specific autoantibodies to which IgAl binds in extra-renal IgAV remains unknown, but
more recent evidence suggests anti-endothelial cell antibodies (AECAs) may be involved. AECAs are a
group of antibodies targeted to endothelial cells and have been described in almost all primary
systemic vasculitides, including in IgAV (45, 49). Although AECAs are most commonly 1gG antibodies,
IgM and IgA AECAs have been described and in IgAV, AECAs are exclusively of the IgA isotype (48).
Their role in IgAV pathogenesis has been proposed by Legendre et al. and Heineke et al., this is
summarised in Figure 1.3 (45, 49). Pathogenic agents may have a similar antigenic structure to human
vessel walls and infection with such microorganisms could result in the production of cross-reactive
IgA1-AECAs. Binding of IgA1-AECAs to autoantigens on endothelial cells, enhanced by TNF-a, may
result in IL-8 release from endothelial cells. IL-8 can induce neutrophil migration and the interaction
between IgA1-AECAs and FcaRl on neutrophils induce leukotriene B4 (LTB4) release, which results in
a positive feedback loop further recruiting neutrophils. In addition, ACEAs may upregulate the
expression of adhesion molecules by endothelial cells, such as E-selectin or intercellular adhesion
molecule 1 (ICAM-1). Vascular damage may therefore be promoted by IgA through antibody-
dependent cellular cytotoxicity (ADCC), reactive oxygen species (ROS) production, complement
dependent toxicity and neutrophils extracellular traps (NETs) formation. This process could be
responsible for the characteristic leukocytoclastic vasculitis (i.e. perivascular neutrophils infiltration)
seen in IgAV (45, 49).

(3) Release of LTB4 by neutrophil, further

. contributing to neutrophil recruitment
(1) Binding of IgA1 AECAs ﬁr ) to endothelial cells,

enhanced by TNF-a () (2) Release of cytokines (e), inducing neutrophil
recruitment and migration, as well as vascular
&ﬁ inflammation
@
- ‘| - T - <
= ) /' L 'y
/‘{ 3/{' 3. ?){ '. ° '.. - L.@
L] L]
i ©

Adhesion molecules
Cytokines

Figure 1.3: The potential role of AECAs in IgAV, adapted from Heineke et al. (45). LTB4: leukotriene B4; ROS: reactive oxygen
species. NETs: neutrophil extracellular traps. CDC: complement mediated cytotoxicity. ADCC: antibody-dependent cell-
mediated cytotoxicity.

1.1.3.5. The role of the complement system
The complement system is an important link between the innate and adaptive immunity. It

consists of an activation cascade or around 50 proteins, mainly synthesised by the liver, and it
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“complements the antibacterial activity of antibodies” (50). It can be activated through three different
routes: the classical pathway, the mannose-binding lectin pathway and the alternative pathway.
Regardless of the route used, all pathways converge at C3 activation: cleavage of C3 by C3 convertases
produces C3a and C3b, which leads to subsequent cleavage of C5 (forming C5a and C5b). During this
process, the anaphylatoxins C3a and C5a are produced, further promoting inflammation through
cytokine release and recruitment of immune cells. In addition, C3b also leads to opsonization of
pathogens by phagocytosis and C5b binds to C6, C7, C8 and C9 to form the membrane attack complex
(MAC, C5b-9), leading to cell lysis. The classical pathway is activated by binding of Cl1q to antigen-
antibody complexes (mainly IgG and IgM) while the mannose-binding lectin pathway uses mannose-
binding lectins (MBLs) and ficolins to identify carbohydrate patterns found on the surface of
pathogens. In contrast to the two aforementioned pathways where complement activation is
triggered by the recognition of exogenous materials, the alternative pathway is continuously activated
at low level by spontaneous hydrolysis of C3, which ultimately leads to the production of C3BbB and
covalent binding of C3b to activating surfaces (i.e., bacterial surfaces). This phenomenon amplifies
alternative pathway activation and enhances C3 production which further activates the common
pathway. This is regulated by various factors such as factors D, H and |, MCP-1, properdin, or
complement receptor 1. The alternative pathway also functions as an amplifier for any of the other
two pathways through C3b: the amplification loop is in fact responsible for 80% of terminal pathway

activation (51-53). Complement activation is summarised in Figure 1.4.

Growing evidence supports the role the complement system plays in IgAV (44, 45). The
classical pathway is thought to not be activated in IgAV and IgAVN due to the general absence of Clq
deposits, although some degree of classical pathway activation in the skin biopsies of adult patients
with IgAV has been reported by one recent study (12% of cases positive for C1q) (54). Activation of
both the mannose-binding lectin and alternative pathways have been reported in the skin, kidneys
and sera of patients with IgAVN (54-57). Dysregulation of the amplification loop or genes
polymorphisms of certain complement factors have also been proposed to play a role in IgAV
phenotype (58). In addition, C5b-9 and C4d positivity in renal biopsies was associated with poor renal
outcomes in patients with IgAVN and IgA nephropathy (59). Finally, C5a can increase production of IL-

8, MCP-1, E-selectin, and ICAM-1 in vitro (57) and participates in neutrophil chemotaxis.
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Figure 1.4: A simplified summary of the complement system, adapted from Girardi et al (60). MBL: mannose-binding lectin;
MASPs: MBL-associated serine proteases; CFD: complement factor D; CFB: complement factor B; P: properdin; MAC:
membrane attack complex.

1.1.3.6. Inflammatory mediators involved
Several inflammatory mediators have been identified in patients with IgAV. The main
cytokines found in the serum of both adult and children with IgAV was summarised by Sugino and
colleagues in 2021 and this is reproduced in Table 1.1 (47). Generally, proinflammatory cytokines (IL-
1B, IL-6, IL-8, IL-17A, TNF- a, IFN-y) and adaptive immunity cytokine IL-4 serum levels are elevated
whereas anti-inflammatory cytokine IL-10 levels are reduced. Interestingly, TNF-a and IL-17 inhibitors
may possibly induce IgAV (44, 47), which highlight a complex relationship between these cytokine

levels and IgAV pathogenesis.
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Cytokine

IgAV

IgAVN

IL-1B N Increased (1) N Increased (1)
-> Unchanged (2) -> Unchanged (2)
IL-2 - Unchanged (1) - Unchanged (1)
IL-4 N Increased (1) N Increased (1)
IL-6 N Increased (4) N Increased (4)
IL-8 N Increased (2) N Increased (2)
IL-9 -> Unchanged (1) -
IL-10 - Unchanged (2) - Unchanged (2)
{ Decreased (1) { Decreased (1)
IL-12p70 - Unchanged (2) - Unchanged (2)
{ Decreased (1) { Decreased (1)
IL-17A N Increased (1) N Increased (1)
IL-23 - Unchanged (1) -

{ Decreased (1)
TNF-a ™ (2)* ™ (2)*
- Unchanged (2)

- Unchanged (3)

IFN-y D Increased (1) M Increased (1)

- Unchanged (1)

Table 1.1: Cytokine profile in the serum of patients with IgAV, reproduced from Sugino et al. under Creative Common CC BY
license (47). *the original table stated decreased TNF-a levels for one study, since then a corrigendum (61) was published by
the authors of the primary study (62). The numbers in brackets represent the number of studies reporting this cytokine change
as statistically significant.

In addition, infiltration of inflammatory cells in the vessel walls is seen in IgAV, predominantly
neutrophils (44). Neutrophil infiltration results in NETs release and further neutrophil recruitment,
leading to tissue damage, as described in section 1.1.3.4. Cellular immunity is also likely to be involved
(44). Elevated serum IL-17 levels and increased number of peripheral Th17 cells in children with IgAV
suggest they contribute to vascular inflammation (63). In adults, CXCL10 and CXCL11 blood levels are
increased and may participate to the recruitment of CXCR3-expressing T cells in the skin and kidneys,
the degree of infiltration was shown to correlate with the severity of kidney damage (64). Finally,

cytotoxic T cells and natural killer cells play a key role in the development of nephritis in IgAV (65).

1.1.3.7. Summary of the pathophysiology of IgAV
In summary, the pathophysiology of IgAV is complex and not fully understood, hence the need
for more research. The exact mechanisms underlying the vasculitis and IgA deposits in the absence of
renal involvement are unclear, although a strong auto-immune response is triggered, driven by

neutrophils infiltrates, pro-inflammatory cytokines and complement activation. Gd-IgA1-CICs role in

29



IgAV is controversial whilst it is well recognised they are responsible for mesangial activation in IgAVN,

in a similar manner to IgA nephropathy.

1.1.4. Clinical features

IgAV is a multisystemic disease which usually presents acutely in previously well children after
a non-specific intercurrent infection (19). The main clinical feature is a palpable purpuric non-
blanching skin rash, which can be associated with involvement of the musculoskeletal, gastrointestinal
and renal systems. In males, scrotal inflammation can also be seen. Extremely rarely, the inflammation

can extend to the respiratory and nervous systems and this can be severe (66).

1.1.4.1. Cutaneous involvement

The rash is typically an erythematosus petechial or purpuric rash and tends to follow a
symmetrical distribution. It can be found on the whole body but most frequently involves the lower
limbs and buttocks, especially the extensor surfaces of the legs and feet (Figure 1.5.a). The rash may
extend to the upper limbs and the trunk (Figure 1.5.b), although it is less common and it is unknown
whether a more extensive rash is associated with poorer outcomes. The areas of purpura vary in size,
are often palpable with slightly elevated lesions which do not fade with pressure (i.e., non-blanching).
It is usually non-painful but it can be described as itchy. The face is very rarely involved, but it can be
seen in severe cases. Patients can also present with atypical skin manifestations, such as necrotic

lesions and haemorrhagic bullae which are more common in adults than in children (19, 66).

(a) (b)

Figure 1.5: IgAV typical purpuric rash demonstrating petechia and purpura. The rash is most commonly found on the extensor
surfaces of the legs and feet, in a symmetrical distribution (a). Less commonly, it can involve the arms (b). Also note the skin
biopsy scar on the arm of this patient who presented with atypical disease. Informed written consent was obtained for the
use of these images.

1.1.4.2. Musculoskeletal involvement
Between 70 to 90% of patients will present with musculoskeletal involvement during the acute
phase, in the form of arthralgia and/or oligoarthritis (9, 67). The most commonly involved joints are

those of the feet, ankles and knees (19). In up to 25% of patients, arthritis was reported to precede
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purpura onset (68). Joint manifestations of IgAV are usually short-lived and are not known to cause

any long-term joint damage (19).

1.1.4.3. Gastrointestinal involvement
Gastrointestinal (Gl) symptoms can affect up to 75% of patients (69, 70) and they can occur
prior to the onset of the rash, which can lead to misdiagnosis until the rash appears (71, 72). It presents
with colicky abdominal pain and is sometimes accompanied by vomiting, Gl bleeding (in the form of
melaena or haematemesis) and/or diarrhoea (66, 69). Severe complications can arise from Gl-
involvement secondary to IgAV, these include intussusception, perforation, obstruction, as well as

haemorrhage (19, 66).

1.1.4.4. Renal involvement

In IgAV, renal involvement, termed IgAV nephritis (IgAVN) is the main contributor to long term
morbidity and mortality. It can present with a spectrum of manifestations which include microscopic
haematuria/proteinuria, nephritic/nephrotic syndrome (7, 19) and rarely rapidly progressive
glomerulonephritis (73). Purpura onset is almost never preceded by nephritis. Macroscopic
haematuria can be seen in a small number of patients, it tends to be transient in the acute phase but
some patients can develop recurrent macroscopic haematuria which is similar to that seen in IgA
nephropathy. Nephritic, nephrotic or a mixed nephritic/nephrotic syndrome can occur and require
specialised tertiary management (74). Although the renal involvement can affect 40-50% of patients,
it is usually asymptomatic and self-limiting in the majority of cases (19). Risk factors for the
development of IgAVN include age > 10 years old at presentation, male gender, severe gastrointestinal
symptoms, arthritis/arthralgia, persistent or recurrent IgAV, white blood cells (WBC) > 15 x 109/L,
platelets > 500 x 109/L, elevated antistreptolysin O (ASO), and decreased C3 (7).

1.1.4.5. Other
In male patients, inflammation of the genitalia (most commonly epididymitis or orchiditis) can
be seen and presents as acute scrotal swelling mimicking testicular torsion (75). Early assessment is
important to exclude testicular torsion, which is not caused by IgAV (19). Scrotal involvement
secondary to IgAV was reported to affect 2 to 38% of male children and is reported to be responsible

for 3% of all cases of acute scrotal presentations (75, 76).

Lung involvement is very rare and tends to be more common in adult patients. It can manifest
as diffuse alveolar haemorrhage which can be life-threatening (77). Even rarer, the nervous system
can be involved, usually in young children with a severe disease course. Central nervous system
manifestations include IgAV-related encephalopathy, cerebral vasculitis, cerebral haemorrhage,

posterior reversible encephalopathy syndrome and seizures (66). Although the incidence of IgAV
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manifestations in such uncommon sites is extremely low, they result in a poor prognosis and it can be

challenging for clinicians to differentiate these IgAV complications from other diseases.

1.1.5. Diagnosis and classification

In 2019 the first European consensus-based recommendations for the diagnosis and
management of IgAV by the SHARE initiative (Single Hub and Access point for paediatric Rheumatology
in Europe) were published (78). They recommended the use of the EULAR/PRINTO/PReS Ankara 2008
criteria as a diagnosis tool for children with IgAV, which is summarised in Table 1.2. The presence of
purpura or petechiae with lower limb predominance is required with either abdominal pain,
arthritis/arthralgia, renal involvement and/or histology demonstrating leukocytoclastic vasculitis with
predominant IgA deposits (79). In children, it reaches excellent sensitivity and specificity with 100%
and 87% respectively whereas in adults, the American College of Rheumatology (ACR) criteria has been
traditionally used (80) but lacks specificity, sensitivity and is now outdated. Plus, the

EULAR/PRINTO/PReS criteria were found to outperform the former in an adult cohort (81).

Criterion Definition

Purpura (mandatory) Purpura (commonly palpable and in crops) or petechiae, with lower limb
predominance, in the absence of thrombocytopenia.

AND either one of the following

Abdominal pain Diffuse colicky abdominal pain with acute onset. May include
intussusception and gastrointestinal bleeding.

Histology Histology demonstrating leukocytoclastic vasculitis with predominant IgA
deposits or proliferative glomerulonephritis with predominant IgA deposits.

Joint involvement Arthritis of acute onset: joint swelling or joint pain with limitation on
motion.
Arthralgia: joint pain without joint swelling or limitation on motion.

Renal involvement Proteinuria >0.3 g/24 h or >30 mmol/mg of urine albumin/creatinine ratio
on a spot morning sample.
Haematuria or red blood cell casts: >5 red blood cells/high power field or

red blood cells casts in the urinary sediment or 22+ on dipstick.

Table 1.2: The EULAR/PRINTO/PReS classification criteria for childhood IgAV. Reproduced from Ozen et al. (79).

1.1.5.1. Renal involvement classification
Renal involvement was defined as either proteinuria and/or haematuria by the
EULAR/PRINTO/PReS criteria (Table 1.2) (79). The SHARE initiative further classified the severity of

renal involvement, based on urinary findings and/or renal histology, which is presented in Table 1.3.
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IgAVN severity Definition

Mild Normal GFR (>80 mL/min/1.73m2) and mild (UP:UC ratio <100 mg/mmol) or
moderate (UP:UC ratio 100-250 mg/mmol) proteinuria.

Moderate <50% crescents on renal biopsy and impaired GFR (<80 ml/min/1.73 m2) or severe
persistent proteinuria*.

Severe >50% crescents on renal biopsy and impaired GFR (<80 ml/min/1.73 m2) or severe
persistent proteinuria*.

Persistent proteinuria UP:UC ratio >250 mg/mmol for 4 weeks. (*severe persistent proteinuria)
UP:UC ratio >100 mg/mmol for 3 months.

UP:UC ratio >50 mg/mmol for 6 months.

Table 1.3: Severity of renal involvement in IgAVN, adapted from Ozen and colleagues (78). UP:UC ratio: urinary protein to
urinary creatinine ratio. GFR: glomerular filtration rate.

1.1.5.2. Histological diagnosis

1.1.5.2.1. Renal biopsy
Performing a kidney biopsy remains the gold standard to confirm the diagnosis and assess the
degree of renal inflammation in IgAV, however, it remains a highly invasive procedure and carries risks.
A group of nephrologists issued recommendations for performing a kidney biopsy in children with
IgAV, based on the recommendations of the SHARE initiative and Kidney Disease: Improving Global
Outcomes (KDIGO) alongside suggested terminology improvements from an international workshop.
Persisting severe/moderate proteinuria (see Table 1.3), acute kidney injury stage 1 or greater and

nephrotic syndrome were proposed to be absolute indications for conducting a renal biopsy (82).

In IgAVN, immunofluorescence demonstrates predominant IgAl deposits in the mesangium
alongside glomerular deposits of IgG, IgM and C3. Mesangial hypercellularity with increased mesangial
matrix, endo-capillary hypercellularity, segmental glomerular sclerosis, cellular crescents, tubular
atrophy and/or interstitial fibrosis can be seen on light microscopy (19). Histological classification is
based on the International Study of Kidney Disease in Children (ISKDC) classification for IgAV nephritis
(Table 1.4), which was initially proposed in 1977 (83). The ISKDC has been recently criticised for
focusing almost exclusively on glomerular crescents and for its lack of accuracy (23). Other systems
have been proposed to succeed the ISKDC, such as modified semiquantitative classification (SQC)
scores (84) or the Oxford classification (MEST-C score) (85), which is widely accepted for IgA

nephropathy but still under validation for its role in IgAVN (86).
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ISKDC Grade Features

Grade | Minimal changes, normal light microscopy

Grade ll Mesangial proliferation

Grade Il Crescents < 50% of the glomeruli; A: Focal, B: Diffuse
Grade IV Crescents 50-75% of the glomeruli; A: Focal, B: Diffuse
Grade V Crescents > 75% of the glomeruli

Grade VI Membranoproliferative glomerulonephritis

Table 1.4: The grading system of the International Study of Kidney Disease in Children (ISKDC) classification for pathological
scoring of IgAVN in children (83).

1.1.5.2.2. Skin biopsy
Performing a skin biopsy is only recommended in children with an atypical rash, defined as
extensive lesions or diffusely distributed lesions. In addition, the absence of IgA staining on a skin
biopsy does not exclude a diagnosis of IgAV. Skin biopsies can be useful to exclude alternative

diagnoses, such as antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitis (78).

1.1.6. Disease monitoring — current practice

1.1.6.1. Initial assessment

The initial assessment of children presenting with IgAV mainly consists of a comprehensive
history and clinical examination, as IgAV is diagnosed based on clinical features. First line
investigations should be blood pressure (BP) measurement, early morning urinalysis (to identify any
proteinuria / haematuria suggestive of renal involvement) and assessment of renal function through
creatinine and electrolytes. A full blood count, a coagulation panel and/or a septic screen may be
considered to exclude other causes, such as idiopathic thrombocytopenic purpura or sepsis
(particularly meningitis), in line with the clinical history. Elevated serum IgA is common but it is not
specific to IgAV. Other autoimmune tests (i.e., ANCA autoantibodies, antinuclear autoantibodies,
complement levels) may help to differentiate IgAV from other vasculitides in more complex cases,
although these are rarely needed or ordered at first presentation. An abdominal ultrasound may be
warranted in cases with severe abdominal pain, to exclude intussusception or intestinal perforation.

Similarly, an ultrasound of the testes may be conducted to evaluate scrotal pain and swelling (37).

1.1.6.2. Renal follow up
IgAVN is the most recognised long-term complication arising from IgAV. As a result, consensus
is that all patients should have renal monitoring for at least 6 months following the acute episode,
even with a normal urine dipstick at presentation. A normal urine dipstick at presentation is reassuring
and the absence of proteinuria at onset was reported to be a good prognostic marker. However, there

is no universally agreed follow up algorithms and they vary across centres (74, 87). The Alder Hey

34



Henoch Schonlein purpura nurse-led pathway was published in 2012 and provides a framework for
renal follow up in childhood IgAV that many centres have adopted. Renal monitoring mainly consists
of a series of BP measurements and urinalysis to identify any worsening proteinuria/haematuria,
which would suggest evolving nephritis. In the Alder Hey pathway, patients with normal urinary
findings at presentation follow the “standard” pathway with reviews at day 7, 1 month, 3 months and
6 months whereas patients with urinary abnormalities at presentation or during follow up are
reviewed more frequently (87). Criteria to refer patients to paediatric nephrology are presented in
Table 1.5. Nonetheless, proteinuria lacks sensitivity, it tends to be a later marker of kidney

inflammation and its exact value does not correlate with the renal prognosis (87).

Referral criteria

e Hypertension (BP > 95 centile for height) on 3 separate readings
e UACR >200 mg/mmol

e  UACR 100-200 mg/mmol and increasing trend

e  Macroscopic haematuria for > 7 days

e Serum albumin < 35 g/dL

e Reduced eGFR (< 90 mL/min/m?)

Table 1.5: Criteria to refer children with IgAV to paediatric nephrology, from the Alder Hey HSP nurse-led pathway (87). BP:
blood pressure; UACR: urinary albumin to creatinine ratio; eGFR: estimated glomerular filtration rate.

1.1.7. Outcome

The disease course is self-limiting and symptoms self-resolve in the first month for the vast
majority of children. The outcome is excellent with 94% achieving full spontaneous recovery within 2
years (88). IgAV complications can be divided into short-term (usually due to Gl-related involvement),
medium term (recurring or persisting disease) and long-term complications (mainly related to renal

involvement).

1.1.7.1. Short-term complications
Acute complications are mainly caused by Gl involvement, which is the main reason for
hospitalisation in children with IgAV (69). It is usually due to severe abdominal pain, intussusception
or Gl bleeding and immunosuppression may be warranted. Acute joint pain/swelling can occur with
sometimes children refusing to weight bear, which may require overnight admission for pain relief.
Although it is very rare, involvement of uncommon sites such as the lungs or the nervous system can

be fatal (66).

1.1.7.2. Medium-term complications — recurring and persisting disease
Despite its self-limiting course, it is estimated that on average a third of children with IgAV will

relapse (89), although recurrence rates greatly vary in the literature, these have been reported to
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range from 2.6% to 66% (9, 12, 14, 90-93). Most of the time, recurrences tend to mimic the first
episode and involve the reappearance of the skin lesions associated with abdominal pain, joint pain
and/or renal involvement (14, 94, 95), although no formal definition exists. Recurrence typically occurs
in the first 6 months following the acute phase but subsequent episodes are usually milder and shorter
than the first episode (9, 14, 93-95). Late recurrent episodes, months or even years after the initial
presentation, are rare but they do occur (9, 93). In addition, the incidence of renal involvement with
recurrent IgAV has been reported to be 2.7-11 fold that of patients without relapsing disease in a
meta-analysis (7). However, the association between recurrence and poorer renal outcomes remains

unclear (11).

Persisting disease, mainly occurs in the form of a persisting rash (persisting purpura) and/or
persisting haematuria/proteinuria. Persisting IgAV in children has been reported in several cohort

studies but remains poorly defined and is not well documented in the literature (12, 95-99).

1.1.7.3. Long-term complications

Renal involvement secondary to IgAV is the main contributor to long term complications and
poor prognosis. IgAVN can affect 40-50% of children but it is mainly self-limiting and the majority of
children will fully recover (19). However, it is estimated that 1-2% of children with IgAV will develop
CKD 5 and will require renal replacement therapy in the form of dialysis or kidney transplant (100).
Renal damage induced by IgAVN is usually slow progressing and may only cause problems decades
after the first episode. In children with biopsy-proven IgAVN, 20% will have significant proteinuria after
10 years (101). After 20 years following the initial presentation, up to 21% were reported to develop
CKD 5 whilst 35% had severe renal impairment (102, 103). In addition, Ronkainen and colleagues found
that 70% of pregnancies were complicated by hypertension and/or proteinuria in females who had
IgAVN as a child (102). Surprisingly, the incidence of renal complications related to IgAVN has not
decreased in the last 50 years despite recent advances in medical research (19, 104). Risk factors of a
poor renal outcome in children with IgAVN include older age at onset, lower GFR, nephrotic/nephritic
syndrome features at onset and a renal biopsy demonstrating crescentic nephritis (ISKDC grades IlI-V)

(11).

Apart from nephritis, children with IgAV may be at increased risk of developing functional
gastrointestinal disorders, such as irritable bowel syndrome or functional abdominal pain syndrome

although limited evidence exists in this area (105).

1.1.8. Management
There is no standardised treatment algorithm for IgAV. However, evidence-based

recommendations for the treatment of IgAV in children have been issued in 2019 as a result of a
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European consortium initiative (the SHARE initiative) (78). These recommendations were mainly
based on experts’ recommendations due to the lack of clinical trials in this disease, which can be hard

to justify due to its self-limiting course.

In the vast majority of patients, treatment is supportive and consists of simple analgesia (i.e.,
paracetamol and non-steroidal anti-inflammatory drugs -NSAIDs-) to manage joint pain and/or
abdominal pain. NSAIDs are not contraindicated in the absence of renal involvement or in the
presence of microscopic haematuria without proteinuria and with normal renal function.
Corticosteroids (CS) are indicated in orchiditis, cerebral vasculitis, pulmonary haemorrhage and other
severe or life-threatening vasculitis manifestations. They may also be considered for severe abdominal
pain and rectal bleeding. Oral prednisolone is recommended as first line therapy and intravenous (IV)

pulsed methylprednisolone may be used in severe organ involvement (78).

The SHARE guideline did not include any recommendations for children presenting with
recurring or relapsing disease without any significant renal involvement, who may warrant disease
modifying agents such as immunosuppression (19). Mycophenolate mofetil, azathioprine, rituximab
and methotrexate may have a role in managing these more complex cases, although the evidence is
sparse and based on small studies and individual case reports (106-111). Skin involvement does not
usually require any treatment but refractory cases may benefit from oral corticosteroids, colchicine,

dapsone or azathioprine, as reported by small case series (111-116).

1.1.8.1. Management of IgAVN

Management of IgAVN in children is currently based on the SHARE recommendations, as
further supported by the 2021 KDIGO glomerulonephritis guideline (117). The treatment algorithm
proposed by the European consortium is presented in Table 1.6. Briefly, oral prednisolone should be
used as first line treatment and add-on immunosuppressant therapy can be considered depending on
the nephritis severity. RAAS inhibition, in the form of an ACE inhibitor or an angiotensin Il receptor
blocker (ARB) should be initiated in patients with persistent proteinuria (> 3 months) to prevent or
limit glomerular injury (78). No evidence supports the use of corticosteroids to prevent nephritis in
children with IgAV (118), hence early prophylactic use of CS should not be considered. The working
group further highlighted the lack of evidence and the urgent need for more clinical trials investigating

treatment options for paediatric IgAVN (78).
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Mild nephritis
1%t line Oral prednisolone
2" line Azathioprine
Mycophenolate mofetil
IV pulsed methylprednisolone
Moderate nephritis
1% line Oral prednisolone AND/OR
IV pulse methylprednisolone
2" line Azathioprine
Mycophenolate mofetil
IV cyclophosphamide
Severe nephritis
1% line IV cyclophosphamide AND
Pulsed IV methylprednisolone AND
Oral prednisolone
2" line Azathioprine OR mycophenolate mofetil AND

Steroid therapy

Table 1.6: Treatment algorithm for IgAVN in children based on nephritis severity, as proposed by Ozen et al (78). For IgAVN
severity definitions, refer to Table 1.2.

1.1.9. The overlap between IgA vasculitis and IgA nephropathy

IgA nephropathy (IgAN) was first described by French nephrologists Berger and Hinglais in
1968 when Berger reported IgA deposits similar to what was described in Henoch Schénlein purpura
nephritis (119). Since then, many reports described family clustering of both IgAN and IgAV as well as

progression from IgAV to IgAN (or vice versa, although rarer) in the same group of patients (23, 120).

On the one hand, IgAV can occur at any age but it is more common in young children whereas
IgAN is seen more frequently in young adults. IgAV is diagnosed as a purpuric non-blanching rash
associated with either abdominal pain, joint involvement and/or nephritis whilst IgAN is solely
confined to the kidneys (120). IgAN most commonly presents as macroscopic haematuria which is not

as common in IgAVN, but it can be seen (19, 74).

On the other hand, URTIs are well-recognised triggers for both IgAV and IgAN and
histologically, it is often impossible to distinguish between glomerulonephritis caused by IgAN or
IgAVN. In addition, IgAN and IgAVN are thought to share the same pathophysiological features: mainly
mesangial deposition of gd-IgAl containing immune complexes, neutrophil infiltrates and, more
recently, suggestions of overactivation of the complement system (120). The disease course is more
severe in adults for both diseases, and whether or not outcomes are worst for IgAN or IgAVN remains

controversial (120).
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More clinical studies comparing adults and children with IgAN and IgAVN are required to
confirm any similarities or differences and their implications in terms of diagnosis, disease monitoring,

prognosis and treatment (120).

1.2. The IgA Vasculitis study

The core work of this thesis results from the IgA Vasculitis study (IgAV study), which is a
prospective observational longitudinal established in 2019 at Alder Hey Children’s NHS Foundation
Trust, Liverpool, UK The below is a summary of the IgAV study protocol version 1.3 (17/12/2020)
(unpublished) (121).

1.2.1. Study aim and objectives

The overall aim of the IgAV study is to conduct research through the development of a clinical
cohort of children with IgAV and corresponding biological samples in order to improve the care and
scientific understanding of IgAV, with a focus on reducing the incidence of chronic kidney disease. The
key objectives of this study were to understand the biological mechanisms and clinical features of the

disease.

1.2.2. Study design
The IgAV study is a single-centre prospective observational longitudinal cohort study using
participants attending Alder Hey Children’s NHS Foundation Trust, Liverpool (UK) for clinical data

collection and serial sampling.

1.2.2.1. Inclusion criteria
The inclusion criteria for each group are presented in Table 1.7. For the purpose of this work,

only the IgAV and healthy controls (HCs) cohorts were used.

Group n Inclusion criteria

Patients with IgAV 200 < 18 years old with a clinical diagnosis of IgAV according to the
EULAR/PRINTO/PReS criteria (79)

Disease controls 150

Inflammatory controls 50 < 18 years old with systemic lupus erythematosus (SLE) fulfilling 4 of
the revised SLE ACR criteria (122)

IgA controls 50 < 18 years with biopsy proven IgA nephropathy

Dental controls 50 < 18 years without IgAV attending for dental interventions

Healthy controls 50 < 18 years otherwise healthy attending for non-inflammatory day

case investigations or surgery with not known past medical history
and not taking any medication (i.e., attending for growth

assessment, nevus excision, laser therapy, etc)

Table 1.7: Inclusion criteria to the IgAV study as per the study protocol (121).
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1.2.2.2. Exclusion criteria
The exclusion criteria were as follow: (i) no diagnosis of IgAV (apart for the healthy and disease

controls); (ii) diagnosis uncertain or in doubt; (iii) patients unable or unwilling to consent.

1.2.3. Identification of patients and recruitment

The identification of suitable patients was performed through weekly screening of the medical
day case unit (MDU) list by searching for “HSP” appointments as well as by exploring the clinic list of
the lead renal consultant and principal investigator for this study (LO) on Meditech version 6.0 for
Windows (Medical Information Technology Inc, MA, USA). Patients were approached mainly in MDU
during their follow up appointments as per the Alder-Hey nurse led-HSP pathway or in the renal clinics.
Occasionally, patients could be recruited on the wards or in theatre if they were an acute inpatient or

scheduled to have a kidney biopsy.

HCs were recruited in theatre/allergy clinics/endocrine clinics to provide age- and sex-
matched samples and the identification of suitable candidates was performed through screening of

the corresponding lists.

Clinicians, physician associates, research nurses and research students were involved in the

identification and recruitment of participants to the study.

As of June 26™, 2022, the study had recruited 88 patients with IgAV and 32 HCs. The
recruitment of the disease control subgroups has not commenced yet to allow staff to focus on
building the core biorepository. The COVID-19 pandemic had a dramatic impact on research studies
in general, including the IgAV study which was forced to pause during the first lockdown. Recruitment
resumed after the relaxation of restrictions following the first wave of the pandemic, and it has been
steadily increased ever since. A summary of the recruitment numbers since the opening of the study

in 2019 is presented in Figure 1.6.
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Figure 1.6: Number of recruits to the IgAV Study over time since the opening of the study. The periods of national lockdown
are highlighted in grey.

1.2.4. Sample collection and processing

The biosamples were obtained at recruitment and each clinical encounter. These could
include urine (up to 10 mL), saliva (up to 10 mL) and blood (plasma 2mL; serum 2mL) samples. Blood
and saliva samples were taken only if samples were being obtained for clinical purposes, i.e. at the
time of other clinical investigations, during anaesthetic or cannula insertion (especially for the HCs).
Biological samples were processed in accordance with a standard operating procedure. Briefly,
healthy control urine samples were tested for bacterial contamination using urine dipstick testing and
they were discarded if they demonstrated positivity for leukocytes, nitrites, blood or > +1 for protein.
Urine and serum samples were centrifuged at 300xg for 10 mins, transferred into a new falcon tube,
centrifuged again at 300xg for 10 mins and aliquoted into 1mL (urine) and 200uL (serum, plasma)
sterile Eppendorf tubes for storage. Samples were stored at -80 °C in the Institute in the Park building

(Alder Hey Children’s NHS Foundation Trust, Liverpool, UK) to constitute the IgAV study biorepository.

1.2.5. Data collection
Data collection was performed on hard paper copies using case report forms (CRF). Clinical

data collection included the following:

e Routine demographic data e Blood results

e Any family history or trigger events e Skin or renal biopsy results

e Diagnostic criteria e Additional immunological investigations

e Date of symptoms onset e Treatment used, indication, doses and duration
e Date of diagnosis e Qutcome at 12 months post diagnosis

e Renal monitoring e Child oral health score from questionnaire
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This year was the first time the clinical data were used to correlate with the laboratory
experiments, and this highlighted the need for areas of improvement. Following feedback from the

multi-professional team, an updated version of the CRF was developed (Appendix 2).

1.2.6. Regulatory approvals and consent

All procedures involving human subjects were conducted in accordance with NIHR Good
Clinical Practice, HTA Codes of Practice, the Declaration of Helsinki and comparable ethical standards.
The IgA Vasculitis study was approved by HRA and Health and Care Research Wales (HCRW) on June
21,2019 (REC 17/NE/0390, protocol UoL001347, IRAS 236599) to run for a duration of 5 years (until
December 17%, 2025). The study received local regulatory approvals to begin recruitment in August
2019. Written informed consent was obtained from parents and children (>16) prior to any study-
related procedure. In children able to understand the process but unable to consent, written assent
was obtained in addition to parental consent. Regardless of their age, children were included as much

as possible in the recruitment process and received a certificate of thanks.

1.3. Research gaps in understanding disease activity in children with IgAV

Disease activity is generally defined as the “aspects of a patient's disease that are potentially
reversible”. Disease damage, on the other hand, refers to “the irreversible manifestations of the
disease or its treatment”. Both disease activity and damage ultimately contribute to disease severity,
although disease activity and severity are often used interchangeably. In rheumatological diseases, a
disease activity measure is an attempt to quantify the inflammatory process of the disease. Such
measures can include biochemical markers, quantification of the amount of inflamed tissue, or clinical
and psychological consequences of the disease process. A combination of these is often use to create
scoring tools in order to objectively assess and monitor disease activity, taking into account the

multidimensional aspect of paediatric rheumatic diseases (123).

In paediatric vasculitides, the Paediatric Vasculitis Activity Score (PVAS) is considered to be
the gold standard for measuring disease activity. It contains 64 features of various active vasculitides,
each referring to one of nine organ-based systems, and it was developed and adapted from its adult
version, the Birmingham Vasculitis Activity Score (BVAS) in 2012 (124, 125). However, this tool is not
validated for IgAV. As a result, children presenting with an atypical disease course represent a clinical
and therapeutic challenge to clinicians due to the lack of standardised definition and high-quality
evidence on how best to manage these cases. Although this occurs in the minority of children with
IgAV, better describing this group of patients alongside standardising definitions for recurrent and
persisting disease would help develop clinical guidelines and core outcomes as a foundation for future

clinical trials.
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Similarly, the incidence of renal complications in IgAV has not decreased over the last few
decades, despite advances in medical research (19, 104). Half of the children presenting with IgAV can
have some degree of nephritis, and although the majority will have an excellent outcome, renal
sequelae remains a concern as the incidence of CKD 5 in the long term is still significant (102, 103).
Performing a renal biopsy is the gold standard for obtaining the diagnosis, however it remains invasive
and only provides transient information with limited ability to provide an accurate assessment of

disease activity (126).

Current clinical practice is that all children should undergo a period of 6 months of renal
monitoring which mainly relies on the degree of proteinuria (19). Proteinuria has limitations as it tends
to be a late marker of kidney damage and it is often difficult to discriminate proteinuria from the acute
and chronic phases of the disease (126). Currently, there is no way to identify which patients are at
high risk of developing nephritis and this period of monitoring following initial presentation offers a

“window of opportunity” that could be used for early intervention.

Hence, there is a need for improved understanding and consideration of non-invasive
biomarkers offering real-time disease activity evaluation. Biochemical markers are important tools for
the diagnosis, treatment and monitoring of disease progression. They are often used in combination
with other diagnostic tools (127). A systematic review of the literature recently identified urinary
biomarkers of in children with IgAVN, of which kidney injury molecule-1 (KIM-1), monocyte
chemotactic protein-1 (MCP-1), N-acetyl-B-glucosaminidase (NAG) and urinary angiotensinogen
(UAGT) were the most promising in identifying the presence and/or severity of IgAVN (128). Urine
offers an ideal biofluid for the analysis of nephritis to monitor disease progression and to uncover
potential biomarkers which may be more indicative of IgAVN. Urine is also readily available in large
volumes and is non-invasive. Identifying urinary proteins which are indicative of nephritis in children
with IgAVN may help elucidate mechanisms of disease, identify potential new treatment targets and

give directions for future research.

1.4. Aim of the thesis

The overall aim of this thesis was to improve the understanding of disease activity in children
with IgA vasculitis. First, this thesis focused on describing a cohort of children with recurrent/persisting
disease to identify how their disease was monitored alongside potential ways of standardising
definitions in order to improve their care. Then, this work aimed to identify differences in the urinary
concentrations of IgA and complement C5a in the urine of children with IgAV and any relationship

with nephritis. Finally, this thesis sought to uncover the differences in the urinary proteome between
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patients with and without nephritis to provide novel insight into the pathophysiology of IgAVN,

identify some potential therapeutic targets and provide directions for future research.
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2. A case series on recurrent and persisting IgA vasculitis and a
systematic review of the literature

2.1.Introduction

IgA vasculitis is usually self-limiting and carries an excellent prognosis in most children, with
94% achieving full spontaneous recovery within 2 years (88). Symptoms typically self-resolve within
the first 4 weeks (129) but it is estimated that a third of children will relapse, often within 6 months
of disease onset (89, 93, 95). Relapses have been described to mimic the first episode and to be not
necessarily as severe, however a small proportion of children may have complications arising from a
prolonged disease course (93-95). Several risks factors, such as older age at onset or a more severe
form at presentation, have been suggested to predispose patients to relapsing IgAV, but reports are
inconsistent (9, 92-94, 130). In addition, renal involvement is much more common in patients with
recurrent IgAV; however, it does not necessarily correlate to poorer renal outcomes (7, 11). Although
children with an atypical disease course have been described in cohort studies, this aspect of the
disease remains poorly understood and there is no agreed consensus definition for either recurring or
persisting disease nor agreement on its management. Standardisation of care, through disease
definitions and clinical guidelines, are important in order to provide equity of care in addition to their

role as a foundation for research.

2.1.1. Aims

The primary aim of this chapter was to describe the clinical characteristics of a cohort of
children with recurring or persisting IgAV and to identify any factors associated with their disease
course. The secondary aim of this chapter was to systematically review the literature to identify

potential standardised definitions for recurrent or persisting IgAV.

2.2. Materials and methods

2.2.1. Cohort

Patients were selected from a previously identified retrospective cohort that was used to
validate the IgA Vasculitis disease Activity Score (IgA-VAS). For this validation study, children (< 18
years of age at presentation) who attended Alder Hey Children’s NHS Foundation Trust (Liverpool, UK)
between January 1%, 2015 to December 31%, 2019 with a diagnosis of IgAV were included. Patients
were identified by the information technology (IT) team using International Classification of Diseases
(ICD-10) code D69.0 (“allergic purpura or Henoch Schoénlein purpura”). Exclusion criteria were as
follows: (i) = 18 years old at presentation; (ii) diagnosis of IgAV uncertain or in doubt; (iii) patients with

insufficient available data to score (131).
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From this cohort, patients with a history of multiple attendances to our centre outside of the
HSP nurse-led pathway (87) were first identified by a previous student (CW) and their supervisor (LO).

This list was further explored to identify any patients diagnosed with recurrent or persisting IgAV.

2.2.2. Definitions

IgAV had to be diagnosed according to the EULAR/PRINTO/PReS 2008 Ankara-endorsed
criteria (79). Recurrent disease, persisting disease and remission were defined if they had been stated
in a clinical letter by a paediatric rheumatologist or nephrologist (ST3 — specialist registrar- level or
above). Renal involvement (IgAV nephritis — IgAVN) was defined as a urinary albumin to creatinine
ratio (UACR) > 30 mg/mmol at any time during follow up (78, 79). From the clinical letters, the main
reasons prompting referral were identified as the main presenting complaint(s), and accessory
symptoms not being considered the main reasons for re-presentation were classified as secondary.
Severe cutaneous involvement was defined as a typical IgAV rash that was also accompanied by
necrotic, bullous and/or ulcerative lesions. The age-specific laboratory reference ranges applied at
Alder Hey Children’s NHS Foundation Trust (Liverpool, UK) were used to identify out of range blood
tests (132, 133).

2.2.3. Data collection

Clinical data were retrospectively collected from the clinical notes. Follow up was from
diagnosis of IgAV until either discharged or the time of data collection (November 21, 2021),
whichever occurred first. The history, clinical features, treatment received and disease progression
were recorded at presentation and at each clinical encounter for which data were available. Any
triggers for the relapses were recorded from the letters if documented. In addition, the lowest and
highest values of serum C3, C4, IgA, erythrocyte sedimentation rate (ESR) alongside any antinuclear
antibodies (ANA) or antineutrophil cytoplasmic antibodies (ANCA) positivity at any time during the
follow up were recorded. Any histology score was recorded. The disease burden was evaluated based

on what was subjectively reported by the clinicians in the letters.

2.2.4. Handling missing data

It was very likely data would be missing due to the retrospective nature of this study. Due to
some children not presenting initially to our centre, we were unable to record baseline blood results
and the baseline clinical characteristics were collected from the referral letters or first clinic letters.
Patients with no prescribed drugs on the electronic system with notes referring to “simple analgesia”
or “occasional analgesia” were considered to be taking paracetamol solely. A rash described as “typical
of IgAV” at presentation was considered to be a non-severe rash following a typical lower-limb

distribution.
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2.2.5. Systematic literature review
A systematic literature review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidance (134) and the Cochrane Handbook for

Systematic Reviews of Interventions (135).

2.2.5.1. Search strategy and eligibility

The search strategy was adapted using the “Best practice guideline for the management of
complications associated with IgA vasculitis (HSP) in children and young people search strategy”
(unpublished) (136). This review formed part of guideline 2 of the UK IgAV guideline development
group (GDG) project (referred to as “the guideline” below), a national, multi-professional collaborative
project aiming to develop the first national guidelines for the diagnosis and management of IgAV in
children in the UK. This guideline project was endorsed by the Royal College of Paediatrics and Child
Health (RCPCH) and UK kidney association following the methods set out for National Institute for

Health and Care Excellence (NICE) accreditation.

PubMed, Scopus and Cochrane Central Register of Controlled Trials (CENTRAL) databases
were searched for articles published between February 2002 up to February 2022 using a predefined

search strategy, which is presented in Table 2.1.

Questions from the guideline search strategy

“1) In children and young people with IgAV under the age of 18 years, what clinical signs or symptoms
would support a diagnosis of persisting disease?
2) In children and young people with IgAV under the age of 18 years, what clinical signs or symptoms

would support a diagnosis of recurrent disease?”

Key concepts used for the search

Concept 1 “pediatric’ OR “paediatric’ OR “child*” OR

“adolescen*”

Concept 2 “immunoglobulin A vasculitis” OR “IgA vasculitis” OR

“I1gAV” OR “henoch schonlein purpura” OR “HSP”

Concept 3 “recur*” OR “relaps*” OR “reoccur*” OR “persist*”

OR “refract*” OR “chronic*”

Search strategy Concept 1 AND Concept 2 AND Concept 3

Table 2.1: Search strategy and key concepts used for the systematic literature review, adapted from the guideline search
strategy (136).

Primary research studies in English providing a clear definition for recurrent or persisting IgA
vasculitis in children (< 18 years of age at presentation) that were accessible in full text through the

University of Liverpool were included; the full inclusion and exclusion criteria are presented in Table
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2.2. Definitions of recurrent or persisting purpura were also included if study participants had a prior

diagnosis of IgAV whereas definitions of recurrent or persisting IgAVN solely were discarded.

Criteria Inclusion Exclusion
Topic Studies related to IgA vasculitis. Studies not related to IgAV.
Population Children and young people aged < 18 | Studies solely focusing on adults.

years at first presentation (OR same
definition used for both children / adults)

with a confirmed diagnosis of IgAV.

Definition Clear definition of recurrent / persisting | Definition of recurrent IgAV unclear,
IgA vasculitis. incomprehensive or too organ-specific (ie
Definitions of recurrent or persisting | definition of recurrent IgAV nephritis solely).

purpura were also separately included

separately.
Research type | Primary research. Secondary research.
Study type Randomised controlled trials (RCT) Case reports
Editorials
If no RCT available to consider; Comments
Cohort studies Annotations
Case series (> 5 patients) Letters not containing data
Case control studies Commentaries
Meta-analysis Updated systematic reviews by same
Systematic reviews methodology i.e.,, Cochrane (most recent
Long term follow-up studies version will be included)
Non-traditional therapies (i.e., Chinese
medicines) and surgical intervention
Availability Full text available through the University | Full text non-available, unless recurrent or
of Liverpool. persisting disease was defined in the abstract.
Language English. Non-English.

Table 2.2: Eligibility criteria for inclusion/exclusion from the systematic review. Adapted from the guideline search strategy
(136).

2.2.5.2. Screening process
Removal of duplicates was performed using EndNote software version 9.3.3 (Alfasoft Limited,

UK) and the search results were uploaded onto the online platform Rayyan (https://www.rayyan.ai/,

accessed April 25", 2022) (137). The titles and abstracts of the identified articles were first screened
by two independent reviewers (JM and LO) to exclude irrelevant studies. This process was blinded to
the reviewers within Rayyan. The full-texts of the remaining articles were then assessed for inclusion

according to the eligibility criteria by one reviewer (JM). Any disagreement at any stage was resolved
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by consensus-based discussion. The reference lists of the included articles as well as reviews of interest

flagged during the screening process were searched to identify any additional relevant studies.

2.2.5.3. Quality assessment and data extraction
The authors, year of publication, study design, study population, definitions and reported rate
of recurrent/persisting IgAV (only for cohort studies) were extracted and collected on a spreadsheet
by one reviewer (JM) to identify the most commonly used definitions. Due to time constraints on this
work, quality appraisal of individual studies was not conducted at this stage. However, for its use
within the guideline, the quality of included studies will be assessed using the Critical Appraisal Skills

Program (CASP) tool specific to the study design (138).

2.2.6. Ethical approval
As per the NHS Health Research Authority (HRA), ethical approval was not required for the
current study as it involved anonymous retrospective data collection and review of the existing

literature.

2.2.7. Statistical analysis

Clinical and demographical data were compared with the Statistical Package for the Social
Science (SPSS) version 27.0 software for Windows (IBM Corp, Armonk, NY, USA). Data were assumed
to be non-normally distributed due to the small sample size and the Mann Whitney U test was used
for continuous variables. The Pearson’s chi-square was applied to categorical variables. A p-value of <

0.05 was considered statistically significant.

2.3.Results

2.3.1. Patient selection

Between January 1%, 2015 and December 31%, 2019, a total of 196 children were coded as
having a diagnosis of IgAV, of which 29 were coded incorrectly and 14 were considered to have
insufficient data. LO and CW identified 16 children who re-presented to our centre outside of the usual
HSP nurse-led pathway, of which 13 were further included in the recurring/persisting cohort. The
reasons for exclusion and the flow of selecting patients are presented in Figure 2.1. Over the 5 years,

the recurrent rate was 5.9 % and persisting rate was 2.6 %.
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. Excluded (n =43)
Patients coded as
069.0 Incorrectly coded (n = 29)
) Insufficient electronical data (n =
(n=196) 14)
\ 4
Children with IgAV
over the 5 years
period
(n=153)
\ 4
Children with a history Excluded (n = 3)
of multiple attendance Insufficient follow up data (n=1)
to our c?ntre.due to » No formal diagnosis of recurrent or
an atypical disease persisting IgAV (n = 1)
course Diagnosis of IgAV uncertain (n = 1)
(n=16)
Children diagnosed Children diagnosed
with recurrent IgAV with persisting IgAV
(n=9) (n=4)

Figure 2.1: Flow chart for selection of the cohort.

2.3.2. Cohort characteristics

The characteristics of the cohort are presented in Table 2.3. A total of 4 children were
diagnosed as having persisting disease while 9 had recurrent IgAV. The percentage of children that
were male was 46% with a median age at presentation of 10.2 years old (range [2.6-15.5]). In
comparison, 54% of all the children with IgAV identified from the 5 years cohort (n = 153) were male
and the median age was 5.7 years (range [0.6-16.7]). All children initially presented with a rash, which
was accompanied by joint involvement in 7 cases and gastrointestinal (Gl) involvement in 7 children.
The rash was distributed predominantly on the lower limbs in all patients and extended to the upper
limbs, trunk and the face in 5, 2 and 1 children respectively. Severe cutaneous involvement, in the
form of necrotic and/or ulcerative lesions, was present in two patients, including in the one with a
rash extending to the face. None of the patients had renal involvement at presentation. The main
reason prompting referral or re-presentation was joint involvement, in the form of arthralgia, arthritis
or both, in 9 children. The median time between the first diagnosis of IgAV and a diagnosis of recurrent
or persisting IgAV was 18.4 months (range [5.3-150.8]) and this was not significantly different between
the groups. A total of seven patients (54%) underwent a skin biopsy to confirm the diagnosis whilst

two (15%) had a Gl biopsy performed.
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Persisting Recurrent Overall p-value

n (%) 4 (31%) 9 (69%) 13 (100%) -
Male/Female 1/3 5/4 6/7 0.308

Age at diagnosis, years” 14.1[7.9-155] 9.1[2.6-15.1]  10.2[2.6-15.5] 0.106

Clinical features at first presentation

Rash” 4 (100%) 9 (100%) 13 (100%) 1.00
Distribution
Lower limbs 4 (100%) 9 (100%) 13 (100%) 1.00
Upper limbs 3 (75%) 2 (22%) 5 (38%) 0.071
Trunk 0 (0%) 2 (22%) 2 (15%) 0.305
Face 0 (0%) 1(11%) 1(8%) 0.488
Severe cutaneous involvement 1(25%) 1(25%) 2 (15%) 0.522
Gastrointestinal involvement ° 2 (50%) 5 (56%) 7 (54%) 0.853
Joint involvement” 3 (75%) 4 (44%) 7 (54%) 0.308

Primary reason(s) for referral / re-presentation

Rash’ 3 (75%) 1(11%) 4 (31%) 0.021
Gastrointestinal involvement 1(25%) 3(33%) 4 (31%) 0.764
Joint involvement " 3 (75%) 6 (67%) 9 (69%) 0.764
Renal involvement ” 3 (75%) 1(11%) 4 (31%) 0.021
Persisting proteinuria/haematuria without 0 (0%) 3 (33%) 3 (23%) 0.188

. b,c
renal involvement

Symptoms attributable to IgAV at any point during follow up

Rash b 4 (100%) 9 (100%) 13 (100%) 1.00

Gastrointestinal involvement 2 (50%) 4 (44%) 6 (67%) 0.853
Joint involvement " 4 (100%) 8 (89%) 12 (92%) 0.488
Renal involvement 3 (75%) 1(11%) 4 (31%) 0.021
Persisting proteinuria/haematuria without 0 (0%) 4 (44%) 4 (31%) 0.109

. b,c
renal involvement

Time in months between first diagnosisand ~ 21.0 [5.3-29.4] 13.6[6.9-150.8] 18.4 [5.3-150.8] 0.940

diagnosis of recurrent/persisting IgAVa

Table 2.3: Clinical characteristics of children diagnosed with recurrent or persisting IgAV. °n (%); Pmedian [range]; ‘renal
involvement was defined as a urinary albumin to creatinine ratio > 30 mg/mmol. Significant p-value are highlighted in bold
text. Due to rounding, percentages may not add up to 100.
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2.3.3. Potential triggers

One patient had a history of recurrent tonsillitis, one reported having recurrent mouth ulcers
and another one had extensive caries at re-presentation. Exercise was reported to trigger flares in
three patients, stress in one and cold weather in another patient. Upper respiratory tract infections
(URTIs) were found to precede the onset of relapses in four patients. During follow up, the ESR of 8
patients was elevated outside of their age-specific normal range, one had slightly low complement C3
(1.08 g/L) and another one had low C4 titres (0.10 g/L). All of the other patients had normal
complement titres, although there was a tendency towards low C4 levels (mean 0.24 g/L; SD % 0.07).
The serum IgA levels were increased above reference range in five children (38%), whilst four (31%)

were found to be ANA positive. None of the children in this cohort were ANCA-positive.

2.3.4. Treatment received

The different treatments received by the patients in this cohort is presented in Table 2.4. Ten
out of the 13 children received analgesia due to IgAV: paracetamol in all cases, followed by non-
steroidal anti-inflammatory drugs -NSAIDs- (i.e., ibuprofen and diclofenac) in 4 cases. Five children
were treated with opioids to manage IgAV-related pain. All children with persisting disease received
corticosteroids (CS), either oral or intravenous (IV), whilst only a third of the recurrent group did.
Similarly, all of the children in the persisting group received disease modifying anti-rheumatic drugs
(DMARDSs). The DMARDs used in this cohort included mycophenolate mofetil (MMF), azathioprine,
hydroxychloroquine, dapsone and infliximab. Infliximab and intravenous immunoglobulins (IVIG) were
used in a case with severe colitis with abdominal pain, rectal bleeding and vomiting. Two patients with
recurrent purpura who received DMARDs (hydroxychloroquine n = 1, dapsone n = 1) did not receive
corticosteroids beforehand. One patient in the persisting group underwent a tonsillectomy but this
failed to prevent further relapses. The time from referral to initiation of the DMARDs was significantly
lower in patients with persisting disease (median 4.3 months; range [1.2-6.1]) compared to the
recurrent group, which was more than 2 years post-referral (median 24.3 months; range [13.9-41.4];

p=0.029).
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Treatment Persisting Recurrent Overall p-value
n=4 n=9 n=13
Analgesia® 4 (100%) 6 (67%) 10 (77%) 0.109
Paracetamol® 4 6 10
NSAIDs? 1 3 4
b Ibuprofen (1) Ibuprofen (3) Ibuprofen (4)
Diclofenac (1) Diclofenac (1)
Opioids? 1 4 5
b Codeine (1) Codeine (1)

Morphine — IV (1)

Dihydrocodeine (1)

Morphine - oral (2)

Dihydrocodeine (1)
Morphine — oral (2)
Morphine — IV (1)

Corticosteroids®

4 (100%)

3 (33%)

7 (54%) 0.026

Oral® Prednisolone - oral (4) Prednisolone - oral (3) Prednisolone — oral (7)
v IV pulsed methylprednisolone (1) IV pulsed methylprednisolone (1) IV pulsed methylprednisolone (2)
DMARDs? 4 (100%) 4 (44%) 8 (62%) 0.057

MMF 3 - 3

Azathioprine - 2 3

Hydroxychloroquine - 2 2

Dapsone - 1 1

Infliximab 1 - 1
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Others
Management of Gl involvement /

gastro-protection due to CS use ®?

1(25%)

Omeprazole (1)

4 (44%)
Omeprazole (4)
Ondansetron (1)
Buscopan (1)
Dicycloverine (1)

Mebeverine (1)

5 (38%) 0.506
Omeprazole (5)

Ondansetron (1)

Buscopan (1)

Dicycloverine (1)

Mebeverine (1)

Management of renal 2 (50%) 1(11%) 3 (23%) 0.125
involvement P Lisinopril (2) Lisinopril (1) Lisinopril (3)
Time in months from first presentation to 14.8 [1.8-24.5] 39.0[23.5-95.4] 24.1[1.8-95.4] 0.057
DMARD:s initiation®
Time in months from referral to DMARDs 4.3[1.2-6.1] 24.3 [13.9-41.4] 10.0[1.2-41.4] 0.029

initiation”

Table 2.4: Medications received by children diagnosed with recurrent or persisting IgAV. °n (%); bdrug name (n); ‘median [range]. Significant p-value are highlighted in bold text. NSAIDs: non-
steroidal anti-inflammatory drugs. IV: intravenous. DMARDs: disease modifying anti-rheumatic drugs. MMF: mycophenolate mofetil; Gl: gastrointestinal; CS: corticosteroids. Due to rounding,

percentages may not add up to 100.
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2.3.5. Comparison between patients with and without renal involvement

Patients were then grouped according to the presence of renal involvement, to compare the
treatment regimen between the subgroups (Table 2.5). Nine patients only suffered from extra-renal
manifestations whereas 4 had IgAVN, all of which were biopsy-proven (ISKDClllan=1;lllbn=1;I1Vn
= 1). Of note, one patient evolved from IgAV to IgA nephropathy, they are still included in the cohort
and they were scored using the MEST-C score (M-1; E-1; S-0; T-0; C-0). All patients with renal
involvement were treated with corticosteroids compared to a third of the patients without. MMF was
used in three of the patients with IgAVN, with infliximab in one case, due to gastrointestinal
involvement rather than the nepbhritis. Hydroxychloroquine, azathioprine and dapsone were used to

treat the recurring or persisting extra-renal manifestations of IgAV.

Renal involvement No renal involvement p-value
(n=4) (n=9)
Diagnosis
Recurrent IgAV’ 1(25%) 8 (89%) 0.021
Biopsy-proven IgAVNa'1 4 (100%) 0 (0%) -
Corticosteroids 4 (100%) 3 (33%) 0.026
DMARD: - total’ 3 (75%) 5 (56%) 0.506
MME 3 (75%) 0 (0%) -
Infliximab” 1(25%) 0 (0%) -
Hydroxychloroquine’ 0 (0%) 2 (22%) -
Azathioprine’ 0 (0%) 3 (33%) -
Dapsone’ 0 (0%) 1(11%) -
Time in months between first presentation and 8.1 [1.8-24.5] 35.3[21.6-95.4] 0.143
DMARDs initiationb
Time in months between referral and DMARDs 2.9 [1.2-6.1] 16.6 [5.6-41.4] 0.071

L. . b
initiation

Table 2.5: Comparison of treatment regimen between patients with and without nephritis. °n (%) ; ®median [range]; Renal
involvement was defined as a urinary albumin to creatinine ratio > 30 mg/mmol (79). Significant p-value are highlighted in
bold text. IgAVN: IgA vasculitis nephritis. DMARDs: disease modifying anti-rheumatic drug; MMF: mycophenolate mofetil.
Due to rounding, percentages may not add up to 100.

Although it was not statistically significant in this small subgroup, there was a trend towards
children with IgAVN being treated more promptly with DMARDs than children without renal

involvement (p=0.071).
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2.3.6. Follow up, disease burden and outcomes

In terms of the disease burden, 5 out of the 13 children were referred to psychology services
due to ongoing disease-associated psychological burden. School attendance and feeling self-conscious
of the rash and/or frustrated by the refractory symptoms were reported in 6 and 7 children
respectively. In addition, more than half of the cohort were admitted at least once and 10 re-
presented to the A&E department due to IgAV. Finally, only three children were discharged as of
November 21, 2021, 2 were in remission but remained under follow up and 8 were still followed up

due to ongoing disease (Table 2.6).

Persisting (n = 4) Recurrent (n=9) Overall
Disease burden
Referred to psychology services due to 2 (50%) 3 (33%) 5(38%)
recurrent/persisting IgAV?
School attendance affected’ 3(75%) 3(33%) 6 (46%)
Self-conscious of the rash and/or frustrated 3 (75%) 4 (44%) 7 (54%)

by the disease?®

Follow up

Months follow up’ 42.6 [35.0-71.7] 63.8[14.3-165.7] 57.7 [14.3-165.7]

Admitted at least once due to 3 (75%) 5 (56%) 8 (62%)

recurrent/persisting IgAVa

Presented to AE at least once due to 3 (75%) 7 (78%) 10 (77%)

recurrent/persisting IgAVa

Outcome

Discharged® 1(25%) 2 (22%) 3(23%)
Still under follow up - remission? 1(25%) 1(11%) 2 (15%)
Still under follow-up — ongoing disease?® 2 (50%) 6 (66%) 8 (62%)

Table 2.6: Disease burden and outcomes of the cohort. an (%) ; bmedian [range].

2.3.7. Systematic literature review

The search was conducted on April 25™, 2022 and yielded 1224 results. After duplicates
removal (n=458), 766 records were eligible for screening. Of these, the full text of 128 records was
assessed for eligibility and 39 studies were included. A further 11 records were identified through
references screening of which one paper was eligible, bringing the total to 40 studies included in this
literature review. The detailed process of selection is presented in Figure 2.2 (PRISMA flowchart).
Briefly, this systematic review included a total of 13,086 children (7,111 males and 5,975 females)

aged 0.2 to 17 years old. Of the studies included, 5 were prospective cohort studies (minimum follow-
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up range [0.5-4] years), 33 were retrospective studies, one was cross-sectional and one was a case
series (n=8). Four studies were multicentre national studies, one used a nationwide database whereas

the remaining studies were all single-centre.
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Identification

Screening

Identification of studies via databases and registers

Records identified from:
PubMed (n = 589)
Scopus (n = 625)
CENTRAL (n = 10)
Total from databases (n =
1224)

v

Records screened
(n =766)

v

Reports sought for retrieval

(n=128)
|

Reports assessed for eligibility
(n=111)

Included

Studies included in review
(n =40)

A

v

Identification of studies via other methods

Records removed before
screening:
Duplicate records removed (n
= 458)

Records identified from:
Citation searching (n = 11)

Records excluded
(n = 638)

v

Reports not retrieved
(n=17)

Reports sought for retrieval
(n=11)

Reports excluded (n = 72):
Population (n = 9)
No definition of recurrent or
persisting disease (n = 40)
Non-traditional therapies or
surgical interventions (n = 4)
Study design (n = 6)
Not in English (n = 13)

\4

Reports assessed for eligibility
(n=11)

\4

Reports not retrieved
(n=0)

Reports excluded (n = 10)
Population (n = 4)
No definition of recurrent or
persisting disease (n = 2)
Study design (n = 4)

Figure 2.2: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram presenting the process of screening and selection, from Page et al (134).
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2.3.7.1. Recurrent disease

A total of 34 papers provided a definition for recurrent IgAV in children, the full definitions
can be found in Appendix 3. Most studies considered that patients with a prior diagnosis of IgAV
needed to be asymptomatic for a specific period of time and that the resolution of all symptoms from
the initial episode was required prior to the new presentation to be considered a recurrence or a
relapse. The reappearance of the purpuric rash was a mandatory criterion in one study (90) and
another mentioned obtaining a “second diagnosis of HSP” (14), thus implying the mandatory rash
alongside any other characteristic signs in line with the EULAR/PRINTO/PReS criteria (79). The
remaining definitions were less specific and described recurrence/relapses as the reappearance of the
characteristic cutaneous lesions or other systemic manifestations characteristic of IgAV.
Discontinuation of all medications for at least 3 months, 1 month and 2 weeks was required in three
studies (12, 139, 140) in addition to the disappearance of symptoms. Teng and colleagues defined a
relapse as the recurrence of clinical signs/symptoms requiring resumption of immunotherapy or an
increased dose (141) whereas Farisogullari et al. considered that the resumption of corticosteroids or
other immunosuppressive therapies, or a significant increase in glucocorticoid dose (by at least 50%)
was necessary to qualify as a relapse (142). The reappearance of symptoms following remission was

mentioned in four studies, the definitions used for remission will be discussed in 2.3.7.4.

Out of the 34 studies, the majority (n=19) considered that a 4 weeks symptom-free period
was required between episodes, whereas 6, 6, and 1 studies used 2 weeks, 3-months, and 6-months
respectively. Two studies did not specify any asymptomatic period. The mean recurrence rate across
all studies for which it was reported (n=28) was 18.1% + 14.1 (range [4.0-66.0]). The mean recurrence
rate did not statistically significantly differ according to the symptom-free interval between two
presentations used (p=0.533), although greater variability was observed in papers using 2 weeks as a

definition (SD 22.8%) (Table 2.7).

Asymptomatic interval 2 weeks 4 weeks 3 months
Number of papers, n 6 17 5
Children, n 5128 3490 1930
Mean recurrence rate + SD 25.4+228 17.2+11.5 12.2+5.1

Table 2.7: Mean recurrence rates reported by studies depending on the asymptomatic interval used. Data are presented as
mean #* standard deviation (SD).

2.3.7.2. Persisting disease
Persisting or refractory IgAV was defined by 5 studies, the definitions are presented in Table
2.8. Contrary to the recurrent definitions, the definitions of persisting disease were heterogenous.

Symptoms characteristic of IgAV had to persist for more than 6 months after the onset of the initial
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episode in one study (12) and 12 months in another (96). The persistence of the rash for at least 3
months was a criterion in one study (143). The lack of response to treatment was a criterion in two

studies (109, 142) whereas failure to achieve complete remission was necessary in another (12).

Author. Year Definition used Time criterion
Alfredo, C.S. et al. Cases were defined as chronic when cutaneous, abdominal and renal | 12 months
2007 (96) manifestations persisted for a period of 12 months or more.

Crayne, C. B. et al. 2018 | Refractory HSP was defined as recurrence of symptoms following | NA
(109) taper of CS.
Refractory HSP was defined as CS dependent and/or DMARD

refractory disease.

Farisogullari, B. et al. Refractory: lack of response to standard dose corticosteroids alone | NA

2022 (142) or in combination with other immunosuppressive therapies

Liao, C. H. M. et al. Refractory disease was defined as not achieving complete remission | 6 months
2020 (12) 6 months after disease onset.

Schinzel V. et al. 2019 Chronicity was defined as the persistence of cutaneous alterations | 3 months

(143) for at least three months.

Table 2.8: Definitions of persisting IgAV in children from the systematic literature review. HSP: Henoch Schénlein purpura; CS:
corticosteroids; DMARD: disease modifying anti-rheumatic drug.

2.3.7.3. Recurrent/persisting purpura
Some papers defined recurrent purpura or persisting purpura instead of recurrent/persisting
IgAV, hence these definitions were recorded separately. One paper reported recurrent purpura as
new cutaneous lesions after total recovery (144). All papers defining persistent purpura agreed in the

definitions they used, which was a purpuric rash typical of IgAV lasting for over 4 weeks (Table 2.9).

2.3.7.4. Remission

Although remission was not included in the search, the definitions of remission were recorded
as a secondary outcome. Three studies provided definitions for remission in paediatric IgAV. The
authors of the case series that included 8 patients with chronic-steroid dependent IgAV treated with
rituximab considered that no active rash, arthritis, nephritis (haematuria and proteinuria), or
gastrointestinal distress following treatment with rituximab was required (109). Liao et al. defined
remission as the resolution of skin purpura, arthralgia/arthritis, and abdominal pain, combined with
normal renal function and absence of proteinuria and haematuria, as well as discontinuation of all
medication (12). Finally, Farisogullari and colleagues defined remission as a Birmingham Vasculitis

Activity Score (BVAS) of 0 (142), although the same definition was applied to both adults and children.
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Author. Year

Definition used

Time criterion

Buscatti, I. M. et al. 2018 Persistent purpura/petechiae, as skin lesions persisting for | 4 weeks

(144) > 1 month.

De Almeida, J. L. J. et al. Persistent palpable purpura lasting for more than 1 month after | 4 weeks

2007 (145) disease onset.

Dundar, H. A. et al. 2020 Persistent purpura was defined as skin involvement persisting for | 4 weeks

(99) > 30 days.

Rigante, D. et al. 2005 (97) | Rash persistent over more than 1 month. 4 weeks

Sano, H. et al. 2002 (146) Persistent purpura was determined as purpura persisting over 1 | 4 weeks
month.

Sestan, M. et al. 2022 Persistent purpura was considered to be purpura persisting for 21 | 4 weeks

(130) month.

Shin, J. I. et al. 2006 (8) Recurrent purpura persisting for 1 month or more was classified as | 4 weeks
persistent purpura.

Zhao, Y. L. etal. 2015 (98) | Persistent purpura was defined recurrent purpura persisting for | 4 weeks

1 month or more.

Table 2.9: Definitions of persisting purpura in children from the systematic literature review.
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2.4. Discussion
The current study described a cohort of children with an atypical course of IgAV. The most
common symptom prompting re-presentation was joint involvement and we report rather long times
from the first diagnosis of IgAV to a diagnosis of persisting/recurrent disease and initiation of
treatment. In addition, a systematic literature review was conducted to identify the most commonly

used definitions for recurring and persisting disease, in the absence of any standardised definitions.

2.4.1. Risk factors for an atypical disease course

Persistent purpura is a risk factor for the development of IgAVN (7), although it does not
necessarily correlate with poorer outcomes (11). In addition, a recent multicentre study reported that
patients with a generalised rash, necrotic or ulcerative skin lesions, or a rash extending to the upper
limbs had higher rates of relapse compared to children with a purpura confined to the lower limbs
(130). In the current series, all patients exhibited a rash with lower limb predominance at presentation
and 5 (38%) also demonstrated an upper limb distribution. Of these, the rash extended to the trunk
in one patient and the trunk and the face in another, which was associated with severe skin lesions. If
a more extensive or severe rash may predispose to a more complex disease course, data from much

larger cohorts is needed to confirm any association.

Large cohort studies have investigated the potential risk factors associated with relapsing
IgAV, yet results are inconsistent across studies. Increasing age at onset (usually over 8 years old) was
identified as a risk factor by several studies (8,9, 12, 92) whilst others did not find this association (12,
14, 67, 93, 94, 97). In one study, the optimal threshold to predict refractory IgAV was age = 7.2 years
old at presentation (sensitivity 69.7%, specificity 70.1%, area under the curve -AUC- 0.73) (12). In the
current series, median age was 10.2 years old (range [2.6-15.5]) whilst the median age of the 5-year
cohort of 153 children with IgAV was 5.7 years (range [0.6-16.7]). This supports that older age at
presentation may be associated with an atypical disease course, although a young age at presentation
is not protective as the youngest patient in our cohort presented aged 2.6 years old. CS treatment was
also reported as a risk factor for recurrent IgAV (12, 14, 93, 94). Since a more severe form at
presentation would require CS therapy, it may represent a possible confounder for CS, as suggested
by Jauhola and colleagues, who did not find any association between corticosteroid therapy and HSP

recurrences (9).

Regarding laboratory markers, Trapani and colleagues found that higher ESR values were
correlated with relapses (93) but other studies did not find any correlation between recurrence and
laboratory markers levels (92, 94, 139). The elevated ESR in 8 of our patients is not unexpected

because of the long-standing inflammation and has been reported in children with IgAV before (147).
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Likewise, increased IgA levels in 5 of our patients was not unexpected (37). White blood cell levels,
haemoglobin levels and ANA positivity were significantly different between patients with and without
recurrences in one study but they could not predict the outcome by multivariate analysis (94). In our
cohort, four patients (31%) were ANA-positive however the larger cohort did not routinely have ANA
measured and up to 15% of healthy children have a positive ANA test in previous studies (148, 149),
although Calvo Rio and colleagues did report a significantly increased incidence of ANA-positivity in a
large cohort of children with relapsing IgAV compared to children without relapses (27.3% vs 8.3%)
(94). C3 and C4 serum levels are not recognised clinically useful markers of IgAV disease activity. Our
findings of only one patient with low C3 and another with low C4 does not support their use as a
marker for recurring/persisting disease, although C4 levels tended to be on the lower side of the age-

specific range for this group.

Severe bowel angina (8), arthritis (92, 94) Gl involvement (94, 95) and involvement of the skin,
joints, abdomen and kidneys altogether at first presentation (139) were also reported to be risk factors
by individual studies for a complicated disease course. Chronic tonsillitis and other ENT-related
problems may be associated with recurrent purpura (35), although only three children from our cohort
were reported to suffer from such problems. It is interesting that exercise seemed to induce flares in
three of the patients in our series, as limitation of strenuous exercise helped to reduce the recurrence
rate in children with IgAV, in one recent study (150). Finally, obesity was strongly associated with
persistent purpura lasting for more than 4 weeks in one study with an odd-ratio of 3.2 and it was
suggested that increased adipose tissue may contribute to disease severity (99). This may warrant

exploration in further studies, as we did not collect the body-mass index of our cohort.

2.4.2. Treatment

Despite being self-limiting and only requiring supportive treatment in the majority of
patients, IgAV can be severe and opioid analgesia may be required (151), which we demonstrated in
5 out of 13 patients. In our cohort, the treatment of the nephritis patients was in line with the recently
published SHARE initiative guideline (Single Hub and Access point for paediatric Rheumatology in
Europe) (78), which recommended oral prednisolone first line followed if necessary by IV pulsed
methylprednisolone and MMF (78). However, there is no standardised treatment algorithm for
children presenting with recalcitrant extra-renal manifestations and a striking lack of high-quality

evidence on how best to treat these patients.

In addition to their use in nephritis, the SHARE guideline recommends using CS in severe
abdominal pain and rectal bleeding, as it may reduce the intensity and duration of the episode,

although the consensus panel noted the lack of robust data to support this recommendation (78). No
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other recommendations were issued regarding the use of corticosteroids in refractory skin, joint or
abdominal involvement, but it will usually be the first-line treatment prescribed by clinicians for
induction of remission (151). Patients with severe symptoms may benefit from early CS treatment, as
prednisone was shown to reduce extrarenal symptoms and improve clinical outcomes in these cases
(9, 152, 153). Severe skin involvement, with bullous or necrotic lesions, has been successfully treated
with glucocorticoids in case reports (113, 114, 154), but the efficacy of this treatment for mild purpura
recurrence or persistence remains unknown. In our cohort, all of the children with persisting IgAV and
a third of the recurrent group received CS, with oral prednisolone used first-line which was followed
if necessary by IV pulsed methylprednisolone. In two patients, DMARDs were used without a
preceding course of CS. However, repeated or long-term use of CS should be minimised due to the

high frequency of adverse events (155) and other immunosuppressive agents need to be considered.

Azathioprine, a purine synthesis inhibitor (156), was used in two patients with extra-renal
manifestations, and this was supported by a case series reporting 6 children with steroid-resistant
extra-renal IgAV successfully treated by azathioprine (111). For the treatment of chronic or recurrent
cutaneous manifestations of small vessel vasculitides, colchicine and dapsone are usually
recommended first followed by MMF and azathioprine second line, but this is not specific to IgAV
(157, 158). Dapsone, an anti-leprosy drug, was used in two of the patients with recurrent disease and
a systematic review concluded it may be an effective treatment for recalcitrant IgAV but this was
mainly based on data from case reports (159). A clinical trial is currently underway to investigate the
efficacy of dapsone, colchicine and azathioprine in skin-limited vasculitis, including adult patients with

IgAV (160) (ClinicalTrials.gov; NCT02939573). Hydroxychloroquine, an antimalarial drug, is already

used for systemic autoimmune rheumatic diseases and is recommended for cutaneous small vessel
vasculitis not responding to conventional treatment (158). To treat IgAV, it is sometimes used in
clinical practice and 2 patients from our series were prescribed it, although there is no evidence of its
efficacy (161, 162). Both dapsone and hydroxychloroquine are safe drugs, available in tablet
formulation, inexpensive compared to other immunosuppressive agents and still routinely used
despite the lack of evidence supporting their efficacy in IgAV. Finally, one patient received infliximab
and IVIG to treat severe colitis secondary to vasculitis. Interestingly, the anti-TNF monoclonal antibody
infliximab is also thought to possibly trigger IgAV (38, 44) and we were unable to find any other case
in the literature where infliximab was used. IVIG are very rarely used, but the few case reports in the
literature did report successful treatment of severe gastro-intestinal involvement (163-166). Although
they were not used in our cohort, methotrexate and rituximab may also play a role in treating
refractory paediatric IgAV (108, 167, 168). Finally, tonsillectomy was successful at treating severe

proteinuric IgAVN in small series of paediatric patients (169-172) and it was suggested that it may
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alleviate extra-renal symptoms in children with a prolonged disease and concomitant tonsillitis or
infectious ENT foci (35, 169). Nonetheless, these findings were based on very small uncontrolled
cohorts, and a large multicentre European study including 1,147 adult patients with IgA nephropathy
found no benefit of tonsillectomy in improving the renal outcomes (173). One patient from our series
underwent a tonsillectomy, for recurrent tonsillitis, which failed to prevent further IgAV-related
disease activity. Due to its invasive and aggressive nature and despite the lack of robust evidence, this
procedure may still be considered in a small select group of patients with coexisting IgAV and

underlying chronic ENT infections (19).

As demonstrated above, the rather small body of evidence regarding treatment of these cases
relies mainly on case reports or small case series. There is an urgent need for standardisation of care

in order to provide foundation for randomised clinical trials.

2.4.3. Standardising care in childhood IgAV

One of the many challenges in IgAV lies in the absence of a validated scoring tool to assess
disease activity and severity. The Paediatric Vasculitis Activity Score (PVAS) is considered to be the
gold standard to measure disease activity in paediatric systemic vasculitides, however it has not been
validated for use in IgAV (124). The adult version of this score, the Birmingham Vasculitis Activity Score
(BVAS), has been successfully evaluated in a preliminary study in a large cohort of children with
systemic vasculitis, including 669 (84%) with IgAV (174) and has been used to define remission in
children with IgAV (142). Having an efficient and valid scoring tool is essential to be able to set core
outcomes to assess disease activity and response to therapy. As an example, clinical trials have been
relying on the BVAS score in order to define relapsing or persisting disease in adult patients with ANCA-
associated vasculitis (AAV) (175-179), as advised by the 2006 EULAR recommendations for conducting

clinical trials in systemic vasculitis (180).

According to PVAS, persistent symptoms are items that have been present for more than 4
weeks but less than 3 months (124). The PVAS itself does not provide any definition for relapse but its
use is well established to define remission and hence relapsing / persisting disease in childhood
vasculitis (181-184). With neither the PVAS and BVAS being validated to use in children with IgAV, a
previous student (CW) worked on the preliminary validation of a new score, the IgA-VAS, to monitor
disease activity children with IgAV. The IgA-VAS performed well, although further optimisation and
refinements were needed alongside prospective validation (131). Validation of this score in paediatric
IgAV may allow for the identification of a threshold which could contribute to the definitions of

recurring and persisting disease, in a similar way to AAV.
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2.4.4. Proposed definitions

There is no universally agreed definition for recurrent or persisting IgAV in children and
discrepancies in the definitions used in the literature, as demonstrated by the systematic literature
search conducted within this chapter. The majority of reports considered a recurrence or a relapse of
IgAV when an asymptomatic patient presented characteristic IgAV symptoms at least 4 weeks after
being symptom-free from the initial episode. It has been widely demonstrated that relapses most
often occur within 6 months of first presentation (9, 14, 93-95), however it is unclear what the cut-off
should be to distinguish manifestations from the initial episode to new manifestations suggestive of
disease recurrence. The reported recurrence rate greatly varies in the literature and was reported to
range from 2.6% to 66% (9, 12, 14, 90-93) and it was suggested this may be due the differences in the
definitions used allowing recurrence rates to be overestimated (14). We did not find any significant
association between the asymptomatic interval and the rate of recurrence. Given that the majority of
authors chose 4 weeks as a cut-off and large epidemiologic studies have demonstrated that relapses
often occur 1 month after the first episode (92, 94, 185), it seems reasonable to suggest that 4 weeks
after the resolution of symptoms is appropriate for consideration in the definition. Only two reports
required the mandatory criterion of the purpuric rash alongside any other symptoms to qualify for a
recurrence, however, it can be assumed that the “classical signs and symptoms of IgAV” mentioned
by authors refer to the widely accepted EULAR/PRINTO/PReS criteria (79) and therefore, this
diagnostic criteria should be applied to diagnose any relapse of the disease. This is also supported by
the current case series where all children being diagnosed with recurrent or persisting IgAV re-
presented with the classical IgAV rash alongside any other symptoms aforementioned. Hence, based
on the literature, we propose to define a relapse of IgAV as a new onset of typical purpura alongside
any other characteristic signs of IgAV (i.e., abdominal pain, joint involvement, renal involvement, in
line with the EULAR/PRINTO/PReS criteria (79)) at a time 4 weeks after the complete resolution of

previous symptoms.

Very few reports defined persisting disease. However, several studies defined persistent
purpura as a persisting rash lasting for over 4 weeks. In keeping with the definition of recurrent IgAV
proposed above, the points previously discussed and the PVAS definition of persisting symptoms
(124), we propose persisting IgAV to be defined as a typical purpura alongside any other characteristic

signs of IgAV (as per EULAR/PRINTO/PReS (79)) lasting over 4 weeks.

These proposed definitions will be discussed in the aforementioned UK IgAV guideline

development group to gather expert consensus.
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2.4.5. Areas of unmet needs

The psychological burden of a prolonged course of IgAV is unrecognised. The fact that half of
the patients in the present series were referred to psychology services and that more than a third
reported feeling frustrated by the disease course is important to consider. In addition, these numbers
are very likely to be underestimated as it was retrospective data collection. Adolescence is a critical
period for psychosocial development and health complications, especially skin conditions, may be
challenging at this time when self-image and self-confidence are perceived to be important (186).
Children with a prolonged IgAV course may not be able to participate in physical education or other
extra-curricular activities, therefore, a feeling of exclusion may arise. In addition, IgAV is perceived as
self-limiting, as the majority of patients follow this disease course, adding frustrations and potential
delays in specialist care. The care of these complex patients is also disseminated between paediatric
nephrologists, rheumatologists, dermatologists and gastroenterologists (129). Finally, the rather long
time to obtain a diagnosis, initiate treatment or the need for further invasive tests (i.e., skin biopsy)
reported in the current study further reinforce the need for more efficient diagnostic and monitoring
tools alongside improved communication between specialists. All of these factors may be distressing
and frustrating for patients and their families, as reflected in this series and in a recent study that
found that parents’ resilience (i.e., the ability to cope with stress and functioning well) was negatively
correlated to the frequency of recurrences of their child’s IgAVN (187). This warrants further research
and emphasises the importance of a holistic approach: atypical cases may benefit from early
psychological input in order to identify the needs of both patients and their families to provide support

at an early stage.

2.4.6. Limitations

This study has several limitations. First, there are obvious limitations associated with the
retrospective data collection. Data were collected by only one author (JM) and about half of the cohort
did not initially present to Alder Hey but to their local district hospital/GP. This meant data were
gathered from the referral letters so some data were not retrievable, especially the full history and
investigations performed at first presentation. In addition, assumptions were made for the rash
distribution at presentation or the analgesia received. Another limitation are the definitions used
which were relatively stringent and patients who represented to A&E with probable relapses but
without a formal diagnosis by a paediatric rheumatologist or nephrologist were not captured. This
may explain why we report such a low recurrence rate compared to what is usually reported in the
literature. We were unable to quantify the exact number of recurrences or any symptom-free intervals
from the medical records due to patients presenting to their GP, local district hospital or managing

the relapses at home. This study could have benefited from a disease-control group including patients

67



with an uncomplicated IgAV course, in order to identify any risk factors associated with atypical
disease, hence it is difficult to assess whether children from our series have significantly different
findings when compared to those with a typical disease course. Finally, risk of bias of the studies

included in the systematic literature review was not assessed due to time constraint on this work.

2.5. Conclusions

There is no universally agreed definition of recurring/persisting IgAV in children and this may
contribute to a delay from first presentation to diagnosis and/or treatment, as suggested in this case
series. The lack of standardisation most certainly hinders the feasibility of clinical trials, which are
urgently needed to provide robust evidence on how best to manage these cases. We propose to define
recurrent IgAV as ‘a new onset of typical purpura alongside any other characteristic signs of IgAV (as
per EULAR/PRINTO/PReS criteria) at a time 4 weeks after the complete resolution of previous
symptoms’ and persisting IgAV as ‘a typical purpura alongside any other characteristic signs of IgAV
(as per EULAR/PRINTO/PReS criteria) lasting over 4 weeks’, although expert consensus is warranted
to confirm these. Further research is needed to study this subgroup of children with an atypical disease

course, as evidence is greatly lacking.

68



3. Urinary IgA and C5a and renal involvement in children with IgA
vasculitis

3.1. Introduction

Renal involvement accounts for the majority of the long-term mortality and morbidity in
children with IgAV, hence the need for all children to undergo a 6 month follow-up period of renal
monitoring to identify any evolving nephritis (19). Currently used clinical tools, the gold-standard renal
biopsy, which remain invasive, and proteinuria have limitations (126). Hence, there is a need for
improved non-invasive biomarkers offering real-time disease activity evaluation. The first
phenomenon thought to lead to IgAVN is the mesangial deposition of galactose-deficient IgAl-
containing immune complexes in the glomerulus (44). However, the pathophysiology of IgAVN and
why some children develop significant renal involvement remains unknown. As a result, a special
interest is given to this immunoglobulin, and determining if it can be detected in the urine, a non-
invasive biofluid, and how it correlates to clinical characteristics could lead to further studies to assess
its prognostic value and to characterise any relationship between IgA glycan-specificity and the renal

phenotype.

In addition, there is growing evidence supporting the role of the complement system in IgA-
mediated renal diseases (44, 50) as mentioned in introduction section 1.1.3.5, with several selective
complement inhibitors drugs currently under evaluation for the histologically similar disease, IgA
nephropathy (188). However, limited data is available regarding complement activation in IgAVN apart

from histological evidence of complement component deposits in the glomerulus (55, 56, 189).

There is a need for improved understanding of the pathophysiology of IgAV and the biological

pathways leading to nephritis, which remain largely unknown.

3.1.1. Aims

The primary aim of the research described in this chapter was to assess whether urinary IgA
and C5a could be detected in children with IgAV and to identify any relationship with nephritis. The
secondary aim was to compare the serum IgA concentrations between the groups and assess any

correlation to the urinary IgA levels.

3.2. Materials and methods

3.2.1. Patient selection and definitions

Children were recruited as part of the IgA Vasculitis study. Children of any sex aged < 18 years

old at first presentation with a diagnosis of IgAV according to the EULAR/PRINTO/PReS 2008 Ankara-
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endorsed criteria (79) were eligible to take part. Exclusion criteria were as follows: (i) diagnosis of IgAV
uncertain; (ii) other concurrent inflammatory or renal condition; (iii) undergoing dialysis; (iv) no urine
sample available in the biobank. This study was cross-sectional so no minimum follow-up was required

and a urine sample could be obtained at any point during the follow up.

Patients were grouped according to the presence of renal involvement, into either IgAVN
(IgAV nephritis group) or IgAVwoN (IgAV without nephritis group). IgAVN was defined as a urinary
albumin to creatinine ratio (UACR) of > 30 mg/mmol at the time of sampling (79). Any renal histology
was graded according to the International Study of Kidney Disease in Children (ISKDC) classification
for IgAVN (83). Hypertension was defined as a systolic blood pressure above the 95th centile for the

child’s age, sex and height for < 16 years old or >140 mmHg for children 16 years and older (190).

Healthy controls (HCs) were recruited to provide age and sex-matched urine samples as per
the IgA Vasculitis study protocol. They were children (aged < 18 years old) with no relevant past
medical history (i.e., no history of autoimmune or renal disease) and not taking any regular medication

attending for day-case investigations or surgery.

3.2.2. Data collection

Demographics and clinical data were collected at the time of the sample collection to provide
baseline clinical characteristics. This included sex, age, ethnicity, blood pressure, height, serum
creatinine (if available), UACR, renal histology report and any medication. A UACR of 0 mg/mmol was
assumed for patients with a urine dipstick negative for protein. For one patient for which the MEST-C
classification was used on the histological report, the conversion to an equivalent ISKDC grade was

performed by consulting a paediatric nephrologist (LO).

3.2.3. Sample processing

Biological samples were processed in accordance with a standard operating procedure.
Healthy control urine samples were tested for bacterial contamination using urine dipstick testing and
they were discarded if they demonstrated positivity for leukocytes, nitrites, blood or > +1 for protein.
Urine and serum samples were centrifuged at 300xg for 10 mins, transferred into a new falcon tube,
centrifuged again at 300xg for 10 mins and aliquoted into 1mL (urine) and 200uL (serum) sterile
Eppendorf tubes for storage. Samples were stored at -80 °C and were thawed at room temperature
on the day of the experiment and vortexed for 10 secs immediately before use. For this experiment,
a mix of never-thawed and freeze-thawed urine samples were used for the IgA quantification whereas

only samples that had never been thawed were used for the C5a quantification.
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3.2.4. Assays
The determination of serum IgA and urinary IgA and C5a concentrations was performed using
commercially available enzyme-linked immunosorbent assay (ELISA) kits (Bio-Techne, Abingdon, UK)

as per the manufacturer’s instructions.

3.2.4.1. Optimisation of the dilution factor for the total IgA quantification in urine
First, the IgA ELISA kit was run on 2 samples (IgAV, n=1; HC, n=1) as per 3.2.4.2 to identify the
optimal dilution of urine. The manufacturer suggests a 10 to 100-fold dilution with recommendation
of 20x dilution. A 10, 20, 50 and 100-fold dilution were used on the urine samples. At the time of the
range finding experiment, the clinical data on the cohort were not collected, hence the renal status of
the IgAV sample used was unknown. It was later found this sample had a negative urine dipstick at
sampling so it was categorised as part of the IgAVwoN group. The best yield was obtained with the

10-fold dilution, suggesting this was the most appropriate dilution factor to use (Figure 3.1).
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Figure 3.1: Range finding experiment results. The red lines represent the highest and lowest concentrations of the standard
points used for the manufacturer’s recommended standard curve (0.781-50.0 ng/mL). Results are not corrected for urinary
creatinine.

3242 IgA ELISA

A 50,000-fold dilution was used on the serum samples and a 10- fold dilution on the urine
samples, as suggested by the results from the range finding experiment. First, 50uL of samples or
standards were loaded in duplicates onto each well and left to incubate for 2 hours at room
temperature (RT). The plates were then washed, incubated with 50uL of IgA detection antibody for
one hour at RT, washed again and loaded with 50uL of streptavidin-peroxidase (SP) conjugate. After
30 mins of incubation at RT, the plates were loaded with 50uL of chromogen reagent and left to
incubate for 6 mins. Following the addition of the stop solution, the plates were read on a microplate

reader at 450nm with 570mm wavelength correction on the POLARstar Omega device (BMG LABTECH
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GmbH, Ortenberg, Germany). The serum IgA ELISAs were conducted by a previous student (SE) and

their supervisor (AJC).

3.2.4.3. C5a ELISA

First, the plates were incubated with diluted C5a capture antibody overnight at RT. They were
then washed, incubated with 200uL of phosphate buffered saline + 1% bovine serum albumin (PBS +
1% PSA) for one hour at RT, washed again and loaded with 50uL of thawed urine or standards in
duplicate. No dilution was performed on the urine samples to perform this ELISA. Following a two-
hour incubation period at RT, the plates were washed, coated with 50uL of detection antibody, and
incubated for a further two hours. The plates were washed, streptavidin-HRP was added and left to
incubate for 20 mins (RT). After one last wash, they were incubated with 3,3',5,5'-
tetramethylbenzidine reagents for 20 mins. Following the addition of the stop solution, the plates
were read on a microplate reader at 450nm with 570mm wavelength correction on the POLARstar
Omega device (BMG LABTECH GmbH, Ortenberg, Germany). The C5a ELISAs were run by two

laboratory technicians (SN and RC).

3.2.5. Creatinine quantification

Urinary concentrations of IgA and C5a were corrected for the urinary creatinine
concentrations. Automated quantification of urinary creatinine was performed by the Biochemistry
Department (Alder Hey Children’s NHS Foundation Trust, Liverpool, UK) using a previously described

enzymatic creatinine method (191) on the Abbott Architect Ci8200 (Abbott, Illinois, USA).

3.2.6. Ethical approval

All procedures involving human subjects were conducted in accordance with NIHR Good
Clinical Practice, HTA Codes of Practice, the Declaration of Helsinki and comparable ethical standards.
This study was part of the IgA Vasculitis study which was approved by HRA and Health and Care
Research Wales (HCRW) on June 21, 2019 (REC 17/NE/0390, protocol UoL001347, IRAS 236599).
Written informed consent was obtained from parents and children prior to any study-related

procedure.

3.2.7. Data analysis

The MARS Data Analysis Software version 3.32 for Windows (BMG LABTECH GmbH,
Ortenberg, Germany) was used for the data analysis. The difference in optical density (AOD) of the
450m and 570nm blank-corrected readings was calculated and a standard curve was generated using
the standard concentrations on the x-axis and the corresponding AOD on the y-axis. The best fit-line
was determined using a four-parameter fit logistic curve-fit (serum IgA, urinary C5a) or linear

regression (urinary IgA). The sample concentrations were determined from the standard curve and
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results were exported onto Microsoft Excel version 2019 for Windows (Microsoft Corporation,
London, UK). The mean value, standard deviation (SD) and coefficient of variation of the duplicates
were calculated and corrected for dilution. Values that were below the lowest concentration of the
standard points were imputed as (standard lowest concentration)/ v 2 following previously published

convention (192). Data are presented as median [range] unless stated otherwise.

3.2.8. Statistical analysis

The Statistical Package for the Social Science (SPSS) version 27.0 software for Windows (IBM
Corp, Armonk, NY, USA) and GraphPad Prism version 8.0 for Windows (GraphPad Software, San Diego,
CA, USA) were used for the statistical analysis. The data distribution was assessed using the Shapiro-
Wilk test. The student t-test or one-way ANOVA with Tukey’s post-hoc test were used for normally
distributed data whereas the significance of non-normally distributed data was evaluated with the
Mann-Whitney U test or Kruskal-Wallis with Dunn-Bonferroni post-hoc test. The Pearson’s chi square
test was applied to continuous variables. Linear correlation was assessed with the Pearson’s
correlation coefficient: a coefficient of < 0.30 was considered negligible, 0.30-0.50 low correlation,
0.50-0.70 moderate correlation, 0.70-0.90 high correlation and 0.90-1.00 very high correlation (193).
Receiver operating characteristic (ROC) curves were generated to evaluate the ability of these urinary
proteins to discriminate between patients with and without renal involvement. An area under the
curve (AUC) of < 0.7 was considered non-discriminant, 0.7-0.8 acceptable, 0.8-0.9 excellent and > 0.9
outstanding (194). A logistic regression model was built to first evaluate the diagnostic values of IgA
and C5a together and then with adding any statistically significant demographic/clinical variable into
the model; the Hosmer-Lemeshow test was used to assess goodness of fit. A p-value of < 0.05 was

considered statistically significant.

3.3. Results

3.3.1. Paediatric cohort

A total of 59 children were recruited in this study (IgAVN n=11, IgAVwoN n=36, HCs n=12);
their baseline characteristics are presented in Table 3.1. The median age of the cohort was 7.1 years
old (range [1.8-17.9]) and 66.1% of the cohort were male. Children with IgAVwoN were significantly
younger (6.2 years old [1.8-17.2]) than patients in both the IgAVN (11.3 years old [4.4-17.9]; p=0.039)
and HCs groups (9.6 years old [5.6-14.7]; p=0.021). A significantly higher proportion of children within
the IgAVN group had hypertension compared to IgAVwoN and there was no statistically significant
difference in the serum creatinine levels. Within the IgAVN group, 7 had a renal biopsy demonstrating
IgA-positive staining on immunofluorescence (IF). Of these, C3, 1gG and IgM positivity were present in

six, two and one patient respectively. All had normal renal function, normal complement titres and no
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evidence of peripheral oedema. One patient had IgAVN previously demonstrated histologically (focal
glomerulonephritis with < 50% crescents — ISKDC grade llla) prior to sampling; however, at study
baseline, the UACR was less than 30 mg/mmol, hence for the purposes of this data they were

categorised as IgAVwoN.
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Overall ISAVN IgAVwoN HCs p-value
n (%) 59 (100) 11 (18.6) 36 (61.0) 12 (20.3) -
Male? 39 (66.1) 6 (54.5) 24 (66.7) 9 (75.0) 0.581
Age, years® 7.1[1.8-17.9] 11.3 [4.4-17.9]* 6.2[1.8-17.2]" 9.6 [5.6-14.7] 0.004
Weeks from diagnosis to sampling® 8.6 [1.0-299.1] 17.7 [3.9-299.1] 7.6 [1.0-110.0] - 0.113
Renal involvement
Hypertension? 5(10.6) 3(27.3)* 2 (5.6) - 0.041
Serum creatinine mg/dL>¢ 44.5 [4-76] 45 [33-76] 36 [4-74] - 0.085
UACR mmol/mg® 0.0 [0.0-2358] 186.8 [94.4-2357.7]*** 0.0 [0.0-27.4] - <0.001
Urinary creatinine mmol/L" 6.8 [0.7-34.3] 3.3[0.9-15.4] 6.7 [0.7-22.9] 8.7 [3.4-34.3] 0.208
Biopsy proven nephritis® - 7 (63.6) 1(2.8) - -
ISKDC Grade
e - 2(0.9) - - -
Ha® - - 1(2.8) - -
lib? - 4 (0.36) - - -
e - 1(0.9) - - -
Medications 8(17.0) 6 (54.5) 2 (5.6)
Corticosteroids® 6(12.8) 5 (45.5) 1(2.8) - -
ACE inhibitors? 3(6.4) 2(18.2) 1(2.8) - -
DMARDs? 4 (8.5) 3(27.3) 1(2.8) - -

Table 3.1: Patients characteristics at baseline. °n (%); Ymedian [range]. <Serum creatinine was available for 22 patients (IgAVN, n=11; IgAVwoN, n=11). UACR: urinary albumin to creatinine ratio.
ISKDC: International Study for Kidney Disease in Children Classification. DMARDs: disease modifying anti-rheumatic drugs. DMARDs used in this cohort: hydroxychloroquine, mycophenolate
mofetil, azathioprine. Significant p-values are highlighted in bold. * p<0.05 compared to IgAVwoN; "p<0.05 compared to HCs; *** p<0.001 compared to IgAVwoN. Due to rounding, percentages

may not add up to 100.
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3.3.2. Urinary IgA and C5a levels in patients with IgAV compared to HCs

The urinary levels of IgA and C5a of IgAV patients were first compared to the HCs group, this
is presented in Figure 3.2. The urinary IgA/Cr levels were statistically significantly increased in patients
with IgAV (69.53 pug/mmol [0.3581-850.1]) compared to HCs (48.33 pg/mmol [14.76-124.7]; p=0.026).
Similarly, the urinary C5a/Cr concentrations were statistically significantly increased when comparing

patients with IgAV (19.74 ng/mmol [4.083-345.1]) to HCs (11.97 ng/mmol [2.499-73.86]; p=0.042).

*
1000 * < 4007 —
5 ] g
E o £ ¢
E 8004 . % 300-
g c
=~ 600 5
o o °
S S 2004
S 400 e 3 .
> > ¢
5 2004 i £ 100 .
g ® g o
@
0 * —oteeitenye- 5, °
IgAv HC IgAV HC
Patient group Patient group

(a) (b)

Figure 3.2: Urinary IgA/Cr (a) and C5a/Cr (b) levels between patients with IgAV compared to HCs with median lines. Asterisks
indicate a statistically significant difference between groups (* - p < 0.05). Results are normalised to urinary creatinine (Cr).

3.3.3. Urinary IgA and C5a levels in patients with IgAVN

Patients were then grouped according to the presence of nephritis to identify any difference
in the urinary concentrations of IgA and C5a, results are presented in Figure 3.3. The urinary IgA/Cr
levels were statistically significantly increased in patients with IgAVN (205.0 pg/mmol [51.8-850.1])
compared to IgAVwoN (64.9 ug/mmol [0.4-741.1]; p=0.006) and HCs (48.3 pg/mmol [14.8-124.7]; p <
0.001). Similarly, the concentrations of urinary C5a/Cr were also statistically significantly elevated in
patients with IgAVN (66.4 ng/mmol [12.5-345.1]) compared to both IgAVwoN (17.0 ng/mmol [4.1-
122.4]; p=0.006) and HCs (12.0 ng/mmol [2.5-73.9]; p=0.001). No statistically significant difference
was observed between HCs and IgAVwoN. There were clear outliers with extremely increased urinary

IgA and C5a levels in both the IgAVN and IgAVwoN groups but not in the HCs.
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Figure 3.3: Urinary IgA/Cr (a) and C5a/Cr (b) levels by patient group with median lines. Asterisks indicate a statistically
significant difference between groups (** - p < 0.01; *** - p < 0.001). Results are normalised to urinary creatinine (Cr).
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Figure 3.4: Correlation between urinary IgA/Cr and UACR in patients with IgAV (a); C5a/Cr and UACR in patients with IgAV

(b); IgA/Cr and C5a/Cr in the whole cohort (c). The linear regression best fit line is shown with 95% confidence bands.
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3.3.4. Correlation of IgA to C5A and to proteinuria

Urinary C5a concentrations were highly positively correlated to the UACR of patients with IgAV
(r=0.7120; p=<0.0001) whereas no statistically significant correlation was observed for urinary IgA (r=
0.078; p=0.601) (Figure 3.4.a and Figure 3.4.b). The urinary levels of IgA of the whole cohort

demonstrated low positive correlation to urinary C5a (r=0.420; p<0.001; Figure 3.4.c).

3.3.5. Serum IgA concentrations

In a subgroup of 21 children for which serum samples were available (IgAVN, n=6; IgAVwoN,
n=7; HCs, n=8), the IgA serum concentrations were evaluated (Figure 3.5). There was a trend towards
higher serum IgA levels in children with IgAV (952.7 pug/mL [208.3-2400]) compared to HCs (606.2
ug/mL [473.0-1492]; p=0.336) although this was not statistically significant. This was also observed
when stratifying patients according to the presence of nephritis but without reaching statistical
significance (IgAVN - 1059 pg/mL [208.3-2400]; IgAVwoN - 835.5 ug/mL [284.6-1647]; HCs - 606.2
ug/mL [473.0-1492]; p=0.544).
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Figure 3.5: Serum IgA levels in patients with IgAV compared to HCs (a) and in patients with IgAVN, IgAVwoN and HCs (b).
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In addition, the urinary IgA/Cr levels did not correlate to the serum IgA levels in this sub-group

(r=0.120; p=0.603) (Figure 3.6).
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Figure 3.6: Correlation between urinary IgA/Cr and serum IgA levels with best fit line and 95% confidence bands.

3.3.6. ROC curves and logistic regression model

Receiver operating characteristic (ROC) curves were generated to assess the ability of IgA and
C5a to discriminate between patients with IgAV compared to HCs (Figure 3.7.a) and patients with
IgAVN compared to IgAVwoN (Figure 3.7.b). Urinary IgA was acceptable at distinguishing patients with
IgAV from HCs whereas C5a was non-discriminant (IgA — AUC 0.709, 95%Cl [0.567-0.852], p=0.026;
C5a - AUC0.692, 95% CI [0.521-0.862], p=0.042). Using this cross-sectional data, both markers were
individually excellent at discriminating patients with and without nephritis (IgA — AUC 0.811, 95%Cl
[0.664-0.958], p=0.002; C5a — AUC 0.826 95% CI [0.676-0.975], p=0.001). When combined together,
IgA and C5a remained excellent at discriminating IgAVN vs. IgAVwoN with an improved AUC (AUC
0.848; 95% Cl [0.708-0.989]; p<0.001). The addition of age at diagnosis into the model further

improved its diagnostic ability to outstanding (AUC 0.907; 95% Cl [0.821-0.992]; p<0.001) (Figure
3.7.c).
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Figure 3.7: Receiver operating characteristic (ROC) curve analyses. ROC curves for the ability to discriminate IgAV patients
from HCs (a) and IgAVN from IgAVwoN (b). ROC curves for the logistic regression models of IgA + C5a (Hosmer-Lemeshow
test p=0.302) and IgA + C5a + age (Hosmer-Lemeshow test p= 0.782) (c).

3.4. Discussion

This chapter aimed to assess the urinary concentrations of IgA and C5a in a cohort of children
with IgAV in order to distinguish between patients with and without nephritis. Urinary IgA and C5a
levels were statistically significantly increased in IgAV compared to HCs. When grouping patients
according to the presence of nephritis, the urinary levels of IgA and C5a were statistically significant
between the IgAVN group and both IgAVwoN and HCs, with no statistically significant difference
observed in the IgAVwoN vs. HCs comparison. This suggests that urinary IgA and C5a are only

increased in the presence of nephritis.
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3.4.1. IgA

The finding of elevated urinary IgA/Cr concentrations in patients with IgAVN is expected, since
IgAVN is characterised by mesangial deposition of IgA1-containing immune complexes (44). Pillebout
and colleagues also reported increased urinary IgA concentrations in children with IgAVN and in this
study, urinary IgA/Cr performed better at identifying patients with nephritis (AUC 0.86; 95% Cl [0.75—
0.96]; p<0.0001) than in the current study. Interestingly, they reported a correlation of IgA/Cr with
proteinuria (195), which we did not find. However, it is important to note that the correlation they
reported was relatively weak (r=0.47; p<0.006) (193, 195). In a prospective cohort of adults with IgAV,
urinary IgA levels were good predictors of poor renal outcomes with an optimum urinary IgA/Cr cut-
off at 1.13 g/mmol (sensitivity of 76.2%, specificity of 80.0%) (196). Although our assay only assessed
the total IgA levels, urinary concentrations of gd-IgAl and its immune complexes have also been
proposed in the literature to be both specific and prognostic markers of IgAVN and IgA nephropathy.
In these reports, in children with IgAV the urinary IgA-sCD89 complex levels were increased in patients
with both IgAVN and IgAVwoN compared to HCs whereas levels of IgA-IgG complexes were only
elevated in the urine of children with IgAVN (195). This was also observed in a Chinese study who
reported that the incidence of IgAVN in hospitalised children with IgAV and with a urinary gd-lgA1/Cr
ratio 2 105.74 was 73% during the six-months follow up (197). Similar findings have been reported for
IgA nephropathy, with some specificity of urinary gd-IgA1l to differentiate between IgA nephropathy
and other renal diseases (198-200). This reinforces the use of urine as a potential promising biofluid

for providing insight into the pathophysiology and monitoring disease activity.

Using a smaller sub-cohort of 21 children, we report no significant difference between the
levels of serum total IgA in both IgAV vs. HCs or IgAVN vs. IgAVwWoN/HCs. Although circulating IgA levels
are not a recognised diagnostic tool in IgAV, some studies have reported elevated serum IgA levels in
children with IgAV regardless of the presence of renal involvement (195, 201), but results are
conflicting across studies (202, 203). In addition, a meta-analysis concluded that serum IgA levels were
not associated with renal involvement (7). However, the IgA/C3 ratio may be of prognostic use to
predict renal outcomes and histologic severity in IgAVN (204). In a similar way to the urine, extensive
evidence supports that circulating levels of gd-IgA1 levels are elevated in IgAVN patients and this may
correlate to disease activity too, although further validation is required (46, 48, 195, 197, 205-208).
The lack of correlation in the current chapter between serum and urinary IgA is interesting. A previous
study reported that the relative degree of galactose deficiency was higher in urinary IgA1l than in the
serum of adult patients with IgA nephropathy, suggesting preferential excretion of gd-IgA1 (198).

Further exploration of the O-glycan (and possibly the N-glycan) profiles in both the urine or sera of
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children with IgAV, for example through proteomic studies, would allow for better characterisation of

the disease and improve our understanding of its pathophysiology.

It remains unclear whether our findings of elevated urinary IgA/Cr concentrations result from
glomerular basement membrane permeability due to renal damage or intra-renal/post-renal
secretion of IgA. Identifying whether the IgA is under its polymeric secretory (slgA) or monomeric
circulating form would also be useful in answering this question. The healthy urinary tract also
produces slgA but its mechanism of action is unknown (209), and urinary IgA has been reported to be
raised in children with acute urinary tract infections (210). In addition, IgA is a large protein (serum
IgA — 160 kDa and secretory IgA, slgA, — 385 kDa) and in comparison, albumin is only 66.5 kDa (211).
Current knowledge is that proteins with a molecular weight of <15 kDa are freely filtered through the
glomeruli, proteins up to 45 kDa are quite rapidly filtered and proteins between 45 to 60 kDa tend not
to be filtered. Plasma proteins larger than 60 kDa are believed to not be filtered through the healthy
kidney (212). However, in renal disease, it is feasible that larger molecules could be filtered but the

extent to which this is possible remains unknown.

3.4.2. C5a

Although the role of the complement system is well-recognised in both the renal and systemic
manifestations of IgAV, as previously described in (1.1.3.5), to our knowledge this is the first study to
report elevated urinary C5a levels in IgAVN. Histologically, IgAVN is characterised by IgA deposits in
the mesangium and C3 co-localisation is commonly seen (19, 213), as confirmed in this patient cohort
where histological deposition of C3 was seen in 6/7 (85.7%) of the biopsy-proven IgAVN group.
Deposition of the complement components MBL, MBL-associated serine protease (MASP-1), C3b/C3c,
C5b-9, and C4 have previously been reported in the renal tissues of patients with IgAVN (55, 56, 189),
with C5b-9 and C4d deposits linked to poor renal outcomes (59). In addition, one recent study
reported the presence of skin deposits of properdin, MBL, MASP1/3 and MASP 2 in adults with skin-
limited IgAV (54).

Hence in IgAV, it is thought that complement activation occurs through the mannose-binding
lectin and alternative pathways, and not through the classical pathway (44). Regardless of the route
used, the same common pathway is ultimately activated: the binding of C3b to C3 convertase forms
C5 convertase, an enzymatic complex which then cleaves C5 into C5a and C5b. C5b contributes to the
formation of the membrane-attack-complex (MAC, C5b-9) with complement components C6, C7, C8
and C9 whilst the anaphylatoxin C5a plays a crucial pro-inflammatory role by recruiting inflammatory

cells to the site of complement activation. C5a is a potent neutrophil chemoattractant and can bind
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to two G-protein coupled receptors, C5aR1 and C5al2, which stimulates further pro-inflammatory

signalling pathways (51).

In vitro, C5a was shown to up-regulate the expression of IL-8 and MCP-1 (57), which urinary
levels have been previously reported to be raised in children with IgAVN (128), as well as the
endothelial adhesion molecules E-selectin and ICAM-1 (57), both of which have also been linked to
the pathogenesis of IgAV by previous studies (214, 215). Higher plasma levels of C3, C5a and Bb but
not C4a were reported in the plasma of children in the acute phase of IgAV compared to HCs (57). In
adults with IgA nephropathy, patients with >50% crescents demonstrated higher urinary C5a levels
and this phenomenon was not seen in plasma (216). The urinary C5a/Cr concentration reported in
adult patients with IgA nephropathy correlated with proteinuria in several studies (216-218), which is

in keeping with our findings.

To date, there is only one case report of the use of a complement inhibitor in an adult with
rapidly progressive glomerulonephritis due to IgAVN (Narsoplimab, a monoclonal antibody against
mannan-binding lectin serine protease 2 -MASP-2-), with a successful outcome in avoiding dialysis
(219). Therapeutic targeting of the complement system in other forms of glomerulonephritis are
evolving. Avacopan, a C5aR1 antagonist, was recently approved in the United-States and Japan for
treating adults with ANCA-associated vasculitis (220) and a short-term trial recently showed Avacopan
was effective at improving proteinuria in a small cohort of adult patients with IgA nephropathy (221).
In addition, local complement activation may be involved in the mechanisms of crescent formation in
IgA-mediated glomerulonephritis (222), hence Wang and colleagues proposed that selective
complement inhibition may prevent or treat crescentic IgA nephropathy (216). As a result, 12 clinical
trials are ongoing for the treatment of IgAN with targets including complement components C3

(ClinicalTrials.gov; NCT02062684), C5 (NCT04564339; NCT03841448), Factor D (NCT05097989;

NCT05162066), Factor B (NCT04557462; NCT03373461; NCT04014335; NCT04578834) and MASP-2
(NCT02682407; NCT03608033). However, none of these clinical trials are currently recruiting children.

These findings emphasise the role of the complement system in the pathophysiology of IgAVN
and that it may represent a potential treatment target. However, the exact prognostic value of urinary
C5ain IgAV remains unknown and further longitudinal studies are needed to investigate its timing of

onset and explore its potential use for early clinical intervention.

3.4.3. Limitations
The work described in this chapter has several limitations. First, due to its cross-sectional
nature and the heterogenous cohort including variable timing from diagnosis to sampling. Active

disease may have not been present in the children with IgAVwoN for whom samples were taken a few
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weeks after their first presentation. We were unable to assess the prognostic value of IgA and C5a or
any correlation to glomerular crescents, due to the small number of patients. For the urinary IgA ELISA
standard curve, linear regression was used as it constituted a better fit for the data, instead of a four-
parameter fit logistic regression, which was originally recommended by the manufacturer. The
dilution-factor optimisation experiment should have ideally included one sample with IgAVN, one with
IgAVwoN and one HCs to find out the best dilution for each sample type, however, the clinical data

were not available at this time.

These findings would have benefited from a disease-control cohort to identify any specificity
of IgA and C5a to IgAVN compared to other forms of glomerulonephritis (i.e. IgA nephropathy, ANCA-

associated vasculitis, lupus nephritis).

3.5. Conclusions
Using a cohort of 59 children including 47 with IgAV, this chapter demonstrated that urinary
IgA and C5a were increased in children with IgAVN. These findings highlight the potential utility of
urinary IgA and the role of the complement system in this disease that warrants further analysis in

larger longitudinal studies.
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4. Urinary protein array analysis to identify key inflammatory
markers in children with IgA vasculitis nephritis

4.1. Introduction
Nephritis (IgAVN) is the most serious long-term manifestation of IgAV. IgAVN occurs in 40 to
50% of children, and although it is mainly self-limiting, 1-2% of children progress to chronic kidney
disease (CKD) stage 5 (11, 19). For this reason, common clinical practice is that all children with IgAV
should have at least 6 months of urinalysis testing and blood pressure monitoring following the first
presentation (74, 87). The rising presence of proteinuria is suggestive of evolving nephritis, and the
gold standard for confirming and grading the diagnosis is to perform a renal biopsy, which remains an

invasive procedure (78).

Histologically, 1gAVN is characterised by mesangial deposition of pathogenic galactose-
deficient IgA1 containing immune complexes, complement activation and neutrophil infiltrates in the
glomerulus (44). Yet, the exact pathophysiology of IgAV and the reasons why some patients develop
significant renal involvement remains largely unknown. Identifying the variations in urinary proteome
profiles between patients with and without nephritis may aid understanding of the pathophysiology

of IgAVN and direct the identification of new targets for future validation studies.

4.1.1. Aims
The aim of this chapter was to perform a large exploratory protein array analysis of urinary
markers of kidney inflammation and/or injury to provide insight into the pathophysiology of IgAV using

a select cohort of children with established IgAVN.

4.2. Materials and methods

4.2.1. Patient selection and definitions

Children were recruited as part of the IgA Vasculitis study. Children of any sex aged <18 years
old at diagnosis were eligible to take part. Patients were diagnosed clinically with IgAV according to
the EULAR/PRINTO/PReS criteria (223). A minimum follow-up period of 12 months from sample
collection was required, and an available urine sample during the follow-up period. Patients were
considered to have a normal outcome at 12 months if they were discharged from the 6 month nurse-
led HSP pathway (224) and did not have any further IgAV-related presentations to the institution.
Exclusion criteria were as follows: (i) diagnosis of IgAV uncertain or in doubt; (ii) other concurrent
inflammatory or renal condition; (iii) incomplete follow up; (iv) urine sample obtained at a point

greater than 12 months from diagnosis; (v) undergoing dialysis.
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The patients with IgAV were subdivided according to the presence of nephritis. Nephritis
(termed the “IgAVN” group) was defined as a urinary albumin to creatinine ratio (UACR) > 30 mg/mmol
at the time of sampling (223) and a kidney biopsy demonstrating IgAV prior to or within 7 days of
sample collection. In order to identify cases with more severe renal inflammation, patients were
selected from the IgA Vasculitis study cohort using those patients with the highest UACR. Patients with
no renal involvement (termed the “IgAVwoN” group) were patients with a negative urine dipstick for
protein and blood at the time of sampling and with an uncomplicated disease course, defined as no
further presentation due to IgAV, a UACR < 10 mg/mmol at any point during their follow up and those
who received no treatment apart from simple analgesia. A UACR of 0 mg/mmol was assumed for urine
dipsticks negative for protein. Hypertension was defined as a systolic blood pressure above the 95th
centile for the child’s age, sex and height for <16 years old or >140 mmHg for children 16 years and

older (190).

Healthy controls (HCs) were recruited to provide a one-off, age and sex-matched clean-catch,
midstream spot urine sample. These were children aged <18 years old who were attending for non-
inflammatory day case investigations or surgery and with not known relevant medical history or not

taking any regular medication.

4.2.2. Data collection

Demographics and clinical data were collected at the time of the sample collection to provide
baseline clinical characteristics. This included sex, age, blood pressure, height, serum creatinine (if
available), UACR, renal histology report, clinical history and any medication. The primary outcome at

12 months was either discharged or remaining under follow up.

4.2.3. Sample processing

Biological samples were processed in accordance with a standard operating procedure.
Healthy control urine samples were tested for bacterial contamination using a urine dipstick and they
were discarded if they demonstrated positivity for leukocytes, nitrites, blood or > +1 for protein. Urine
samples were centrifuged at 300xg for 10 mins, transferred into a new falcon tube, centrifuged again
at 300xg for 10 mins and aliquoted into 1mL sterile Eppendorf tubes for storage. Samples were stored
at -80 °C and were thawed at room temperature on the day of the experiment and 300xg for 5 min
immediately before use. For this chapter, only samples that had never thawed prior to the experiment

were used.

4.2.4. Assays
Human Kidney Biomarker Array Kit and Human XL Cytokine Array Kit (R&D Systems,

Minneapolis, MN, USA) were used to assess the relative concentrations of 38 predefined markers of
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kidney damage and 105 inflammatory cytokines (total of 124 proteins, 19 were duplicated as they
were evaluated in both kits). The full list of the proteins assessed can be found in Appendix 4. Both
kits were performed according to the manufacturer’s instructions. Briefly, each array kit consisted of
4 nitro-cellulose membranes with spotted capture and controls antibodies embedded in duplicates,
each membrane allowing for one urine sample to be assessed (therefore four patients per kit could
be analysed). Three sets of each kit (12 membranes) were available, which allowed for the analysis of
12 different patients’ urine samples. The assays were conducted by performing 4 membranes at a
time per day and subjects were intentionally divided to include at least one of each group to reduce
selection bias. Due to the semi-quantitative nature of the membranes, we did not assess for
intra/inter-variability, but we calculated Pearson’s correlation coefficient on the fold changes of the

duplicated proteins.

For clarity, the Human Kidney Biomarker Array kit will be further referred to as “Kit K” and the

Human XL Cytokine Array kit as “Kit C” throughout the study.

4.2.4.1. Human Kidney Biomarker Array—Kit K
The nitrocellulose membranes were blocked for 1 hour using the provided array buffer and
incubated with the capture antibody cocktail and 500 pL of thawed urine at 4 °C overnight on a rocking
platform shaker. Urine samples were frozen again pending Kit C analysis. Membranes were then
washed, incubated with horseradish peroxidase-conjugated Streptavidin (streptavidin-HRP) and
chemiluminescence reagents. Signal intensity was measured using enhanced chemiluminescence on

the ChemiDoc MP Imaging System (Bio-Rad Laboratories Ltd., Watford, UK).

4.2.4.2. Human XL Cytokine Array Kit—Kit C
Membranes were blocked for 1 hour using the provided array buffer and incubated with 400—
450 pL of urine (previously thawed) at 4 °C overnight on a rocking platform shaker. Membranes where
then washed, incubated with biotinylated detection antibodies, followed by the addition of
Streptavidin-HRP and chemiluminescence reagents. Signal intensity was measured using enhanced

chemiluminescence on the ChemiDoc MP Imaging System (Bio-Rad Laboratories Ltd., Watford, UK).

4.2.5. Creatinine quantification

All results were corrected for the urinary creatinine concentrations. Automated quantification
of urinary creatinine was performed by the Biochemistry Department (Alder Hey Children’s NHS
Foundation Trust, Liverpool, UK) using a previously described enzymatic creatinine method (191) on

the Abbott Architect Ci8200 (Abbott, lllinois, USA).
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4.2.6. Ethical approval

All procedures involving human subjects were conducted in accordance with NIHR Good
Clinical Practice, HTA Codes of Practice, the Declaration of Helsinki and comparable ethical standards.
This study was part of the IgA Vasculitis study which was approved by HRA and Health and Care
Research Wales (HCRW) on June 21, 2019 (REC 17/NE/0390, protocol UoL001347, IRAS 236599).
Written informed consent was obtained from parents and children prior to any study-related

procedure.

4.2.7. Data analysis

The intensity of each individual chemiluminescence signal was measured using Imagel
software (NIH) (225) and Imagel) Protein Array Analyser Macro (226) with automatic background
removal. To determine the relative concentration of each protein, the average value of the duplicates
was measured and normalised to the average of the 6 positive control points, the volume of urine
aliquot used and the urinary creatinine concentration. For each protein, fold change was obtained by
calculating the ratios of the average relative concentration per group for IgAVN/IgAVwoN, IgAVN/HCs

and IgAVwoN/HCs. Data are presented as the fold change (FCx) between two groups.

4.2.8. Statistical analysis

Clinical and demographical data were compared with the Statistical Package for the Social
Science (SPSS) version 27.0 software for Windows (IBM Corp, Armonk, NY, USA). Due to the small
sample size, data were assumed to be non-normally distributed and the Mann—-Whitney U/Kruskal—
Wallis with Dunn—Bonferroni post hoc tests were used for continuous variables. The Pearson’s chi-
square was applied to categorical variables. For the analytes, multivariate principal component (PC)
analysis was performed using the MetaboAnalyst 5.0 online platform (227) with log2 transformation
and pareto scaling. The Student’s t-test was applied on the log2 transformed data. p-values and fold
change were combined using the “EnhancedVolcano” package (228) in R Statistical Software version
4.1.2 (R Foundation for Statistical Computing, Vienna, Austria) to generate volcano plots and identify
significant proteins. Linear correlation was assessed with the Pearson’s correlation coefficient: a
coefficient of < 0.30 was considered negligible, 0.30-0.50 low correlation, 0.50-0.70 moderate
correlation, 0.70-0.90 high correlation and 0.90-1.00 very high correlation (193). A p-value of <0.05
was considered statistically significant. Protein concentrations were considered to be elevated for FC

> 2.0 (2x) and reduced for FC < 0.5 (0.5x).
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4.3. Results

4.3.1. Paediatric cohort

The study identified 8 children with IgAV from a cohort of 51 recruits to be included in this
exploratory analysis. This included four children with nephritis selected as detailed previously and four
children without any evidence of past or recent nephritis (termed as 4 IgAVN and 4 IgAVwoN). Four
HCs were randomly selected from a cohort of 18 HCs children who had been previously recruited to
the IgA Vasculitis study. Demographics and baseline characteristics are presented in Table 4.1. The
male:female ratio was 1:1, and the median age was 7.6 years old (range: 4.0-13.4). In those patients
with IgAVN, renal involvement was confirmed histologically in all patients (ISKDC grade Il, n = 1; grade
lllb, n = 3), and the median UACR at the time of sample collection was 542.2 (110.4-2357.7) mg/mmol.
All patients within the IgAVN cohort had nephrotic range proteinuria as an indication for conducting
a renal biopsy with a mildly reduced serum albumin concentration but no evidence of peripheral
oedema. They all had normal serum complement titres and normal renal function; two had high blood
pressure. The histological analysis demonstrated diffuse proliferative glomerulonephritis with <50%
crescents in three patients and focal proliferative glomerulonephritis in one patient. All patients had
IgA-positive staining on immunofluorescence (IF) and three out of the four patients had C3 positivity
on IF. One patient had patchy evidence of acute tubular inflammation and one patient had <5%
interstitial fibrosis. Regarding treatment at the time of sample collection, one IgAVN patient was
taking oral prednisolone and one patient was taking both prednisolone and azathioprine. Subsequent
treatments included azathioprine and prednisolone for one patient; mycophenolate mofetil, ACE
inhibitors and prednisolone for another; ACE inhibitor only for the third patient; prednisolone and
azathioprine for the fourth patient. One healthy control was prescribed somatotropin at the time of
sample collection. None of the IgAVwoN patients received any medication. At 12 months, all of the

IgAVwoN patients were discharged and three patients with IgAVN remained under follow up.
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Overall ISAVN IgAVwoN HCs p-value

n 12 4 4 4 -
Male/female 6/6 2/2 2/2 2/2 1.000
Age, years ? 7.6 [4.0-13.4] 9.9 [5.2-12.2] 5.1 [4.0-6.8] 8.8 [7.5-13.4] 0.058
Time from diagnosis to sample

14.8 [1.0-32.0] 14.8 [5.3-25.3] 19.2 [1.0-32.0] - 0.773
(weeks) @
Renal involvement
Hypertension ? 2 2 0 - 0.102
Serum creatinine, mg/dL? 42.0 [32.0-54.0] 43.5 [33.0-54.0] 32.0[32.0-32.0] ¢ - 0.400
Urinary creatinine, mmol/L? 7.8 [1.2-19.9] 6.6 [1.6-13.2] 7.8[1.2-9.4]+3.6 9.3 [6.8-19.9] 0.668
UACR, mg/mmol 2¢ 0.0 [0.0-2357.7] 542.2 [110.4-2357.7] 0.0 [0.0-0.0] 0.0 [0.0-0.0] -
Biopsy proven nephritis® - 4 0 - -
ISKDC Grade
II® - 1 - - -
lib ® 3 - - -
Medications ° 3 2 0 1 -
Corticosteroids ® 2 Prednisolone (2) - - -
DMARDs ° 1 Azathioprine (1) - - -
Other® 1 - - Somatropin (1) -
Follow up at 12 months
Discharged 5 1 4 -
Still under follow up 3 3 - -

Table 4.1: Patients characteristics at baseline. “Median [range]; ®n; serum creatinine only available for one IgAVwoN patient; 2UACR of 0 mg/mmol assumed if urine dipstick negative for protein.
UACR: urinary-albumin-to-creatinine ratio; ISKDC: International Study for Kidney Disease in Children Classification; DMARDs: disease modifying antirheumatic drugs.
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4.3.2. Exploratory data analysis

Principal component analysis was conducted to visualise the data sets using the first two
principal components (PC), and the score plots for each kit are presented in Figure 4.1 (explained
variance of Kit K: PC1 x PC2 = 82.8%; Kit C: PC1 x PC2 = 82.7%). The models demonstrated clear
separation between IgAVN and both the IgAVwoN and HCs groups. The IgAVN and IgAVwoN clusters

demonstrated some areas of overlap in Kit C.
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Figure 4.1: Exploratory data analysis representation: (a) Kit K: —scores plot between principal component (PC) 1 and PC2
with the explained variance shown in brackets; (b) Kit C: —scores plot between PC1 and PC2 with the explained variance
shown in brackets.

4.3.3. Comparison between IgAVN and IgAVwoN

Urinary levels of 20 proteins (5 in Kit K -3.1%- and 15 in Kit C -14.3%-) were significantly
increased in IgAVN compared to IgAVwoN (Figure 4.2). All proteins with a FC > 2.0 are shown in Table
4.2, full results can be found in Appendix 5 and Appendix 6. The main features identified were B-cell
activating factor (BAFF; 9.7x), Cripto-1 (7.8x), sex-hormone-binding globulin (SHBG; 7.6x),
angiotensinogen (AGT; 6.5x), apolipoprotein Al (ApoA1l; 6.0x) and epithelial growth factor receptor
(EGF-R; 5.8x). One interleukin (i.e., IL-5) and two components of the complement system (i.e., C5/C5a
and complement factor D- CFD-) were also significant, with a fold change of, respectively, 2.0, 4.6 and
2.6. Endoglin (1.75x; p=0.021) and human growth factor (HGF; 1.80x; p=0.028) were both statistically
significant but did not reach the fold-change criteria. The urinary concentration of one marker was

reduced, but this was not statistically significant (myeloperoxidase; 0.4x; p=0.345).
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Figure 4.2: Volcano plots of IgAVN vs. IgAVwoN: (a) Kit K; (b) Kit C. The horizontal line represents the statistical significance
cut off (-log10(0.05)). Vertical lines represent the fold-change cut-off (log2(0.5)-log2(2.0)).

Protein Fold-change p-value
BAFF 9.7 0.026
Cripto-1 7.8 0.015
SHBG 7.6 0.008
Angiotensinogen 6.5 0.010
ApoAl 6.0 0.021
EGF-R 5.8 0.002
IL-1RA 5.7 0.122
C5/C5a 4.6 0.033
KIM-1 4.1 0.004
ICAM-1 4.0 0.012
ENA-78 3.7 0.059
CXCL16 3.7 0.013
IGFBP-3 34 0.023
MCP-1 3.4 0.047
ST2 33 0.014
DPPIV 3.2 0.145
Annexin V 3.2 0.452
CDA40 Ligand 3.0 0.045
Adiponectin 3.0 0.578
PF4 2.9 0.261

CFD 2.6 0.009
Vitamin D BP 2.6 0.337
GH 2.6 0.067
IL-6 2.6 0.196
VCAM-1 2.6 0.221
Serpin E1 2.5 0.034
TWEAK 24 0.559
CRP 24 0.266
LIF 24 0.008
VCAM-1 2.4 0.275
L-FABP 2.2 0.441
MIF 2.2 0.015
Fas Ligand 2.1 0.086
IL-5 2.0 0.047
CD14 2.0 0.399
CXCL1 2.0 0.022
Myeloperoxidase 0.4 0.345

Table 4.2: Proteins with a fold-change of at least 2.0 (or
<0.5) between IgAVN and IgAVwoN identified by both
kits, as sorted in order of descending fold change. Bold
text represents duplicated proteins that were measured
in both kits where results from Kit C are reported.
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4.3.4. Comparison between IgAVN and the HCs

Analysis of IgAVN versus the HCs revealed 68 proteins with significantly increased urinary

concentrations (Figure 4.3 and Table 4.3; full results in Appendix 5 and Appendix 6). The highest

reported fold change was BAFF (26.5x) followed by angiotensinogen (22.6x), SHBG (13.3x) and MCP-1

(12.0x). Eighteen interleukins out of the 26 assessed by the arrays were significantly elevated

compared to the control levels. All of the significant proteins identified by the IgAVN vs. IgAVwoN

comparison were also significant in this comparison. No proteins had reduced levels between the two

groups.
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Figure 4.3: Volcano plots of IgAVN vs. HCs: (a) Kit K; (b) Kit C. The horizontal line represents the statistical significance cut off
(-log10(0.05)). The vertical line represents the fold-change cut-off (log2(2.0)). Fifteen top hits in term of FC are labelled in (b).
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Protein Fold-change  p-value
BAFF 26.5 0.004
Angiotensinogen 22.6 0.007
SHBG 13.3 0.004
MCP-1 12.0 0.001
IGFBP-3 10.7 <0.001
ICAM-1 10.2 <0.001
ST2 8.2 <0.001
Serpin E1 8.1 <0.001
EGF-R 7.8 <0.001
PF4 7.5 0.036
ENA-78 7.4 0.016
CDA40 Ligand 7.2 0.008
Cripto-1 7.1 0.026
C5/C5a 6.5 0.012
GH 6.3 0.004
ApoAl 6.0 0.035
TfR 5.6 <0.001
LIF 5.5 0.001
IL-6 5.5 0.036
IGFBP-2 4.9 0.011
IL-4 4.6 0.004
IL-5 4.6 0.003
CXCL16 4.5 0.013
RANTES 4.4 0.011
IL-22 4.4 0.020
Leptin 4.3 0.009
HGF 4.3 0.001
CXCL1 4.3 <0.001
PDGF-AA/BB 4.2 0.007
KIM-1 4.1 0.001
TARC 4.1 0.011
MCP-1 4.1 0.006
MIG 3.8 0.001
IL-19 3.8 0.009
Fas Ligand 3.8 0.008
IL-33 3.7 0.007
G-CSF 3.6 0.003
IL-32 3.5 0.004
MIP-3b 3.5 0.013
Angiopoietin-1 3.5 0.034
IL-13 3.4 0.016
CFD 34 0.005
IL-10 3.3 0.032
IL-23 33 0.024
IL-31 3.3 0.015
IL-27 33 0.023
IFN-y 3.2 0.030
GM-CSF 3.2 0.016

MCP-3
IL-24

IL-15

MIF
Pentraxin-3
Relaxin-2
I-TAC

IL-8

IP-10

IL-16
Endoglin
Flt-3 ligand
Thrombospondin-1
BDNF

IL-34
MIP-1a/MIP-1B
Dkk-1
MIP-3a
TNF-a
TGF-a
PDGF-AA

3.2
3.2
3.2
3.1
3.0
2.9
2.9
2.9
2.8
2.7
2.7
2.7
2.6
2.6
2.6
2.6
2.5
2.5
2.3
2.3
2.2

0.016
0.019
0.011
0.006
0.035
0.048
0.009
0.039
0.023
0.016
0.014
0.019
0.029
0.020
0.025
0.014
0.011
0.018
0.023
0.028
0.027

Table 4.3: Significant urinary proteins identified between
IgAVN and HCs sorted by fold-change. Bold text
represents duplicated proteins that were measured in

both kits where results from Kit C are reported.
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4.3.5. Comparison between IgAVwoN and the HCs

The concentrations of 9 proteins were increased in the urine of IgAVwoN patients when
compared to HCs (Figure 4.4; Appendix 5 and Appendix 6). MCP-1 levels were raised (3.5x; p=0.001)
and angiotensinogen displayed a p-value close to the significance cut-off (3.5x; p=0.055). Urinary IL-
13 (2.8x; p=0.049), leptin (2.6x; p=0.022), IL-19 (2.5x; p=0.029), GH (2.4x; p=0.017), HGF (2.4x;
p=0.020), IL-4 (2.3x; p=0.036), IL-5 (2.3x; p=0.016) and CXCL1 (2.1x; p=0.017) concentrations were all

elevated in IgAVwoN patients compared to HCs.
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Figure 4.4: Volcano plots of IgAVwoN vs HCs. (a) Kit K; (b) Kit C. The horizontal line represents the statistical significance cut-
off (-log10(0.05)). The vertical line represents the fold-change cut-off (log2(2.0)).

4.3.6. Correlation between the Kit Kand C

A total of 19 proteins were assessed in both Kit K and Kit C. Moderate positive correlation
(r=0.640; p < 0.0001) was found between the two kits when comparing the reported average fold
changes. The fold changes and p-values of six proteins that were reported as statistically significant in
at least one kit are reported in Table 4.4. There was agreement on a further 13 proteins which did not

reach statistical significance in both kits.
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IgAVN vs. IgAVwoN IgAVN vs. HCs IgAVwoN vs. HCs

Protein
Kit K Kit C Kit K Kit C Kit K Kit C

CXCL1 1.8 (0.534) 2.0(0.022) 5.0 (0.206) 4.3 (<0.001) 2.8(0.539) 2.1(0.017)
IL-6 2.6 (0.196) 1.8 (0.293) 5.5 (0.036) 3.3(0.052) 2.1(0.496) 1.8(0.197)
IL-10 1.6 (0.659) 1.7 (0.288) 4.8 (0.346) 3.3(0.032) 3.1(0.642) 2.0(0.203)
MCP-1 3.4 (0.047) 1.9(0.061) 12.0(0.001) 4.1(0.006) 3.5(0.001) 2.2(0.134)
Thrombospondin-1 1.4 (0.719) 0.9 (0.781) 3.7 (0.397) 2.6 (0.029) 2.6(0.673) 2.9(0.153)
TNF-a 1.6 (0.446) 1.1 (0.469) 2.7 (0.366) 2.3(0.023) 1.6(0.963) 2.1(0.385)

Table 4.4: Proteins reported significant by one comparison in at least one kit. Data are presented as the fold change (p-value).
The bold text highlights discrepancies in the results of significance between the kits.

4.4, Discussion

This study aimed to assess the relative concentrations of 124 known markers of inflammation
and renal damage in the urine of children with IgAV to identify differences between children with and
without nephritis. We report increased urinary concentration of 20 proteins in IgAVN when compared
to IgAVwoN. To our knowledge, this exploratory study is the first to evaluate such an extensive panel
of urinary proteins in children with IgAVN. In addition, we report some novel findings that provide
new insight into the pathophysiology of IgAVN. This discussion will first focus on the urinary proteins
with the most increased fold-change and the most promising in terms of therapeutic target, then it

will overview the remaining ones identified in the IgAVN vs. IgAVwoN comparison.

4.4.1. B-cell activating factor (BAFF)

The protein with the greatest increased fold-change when comparing IgAVN to IgAVwoN was
B-cell activating factor (BAFF). Gd-IgA1 and glycan-specific IgG and IgA antibodies, which are found at
increased circulating levels in IgAVN (44), are mainly derived from activated B-cell lymphocytes and
effective B-cell maturation relies upon BAFF (229). In our study, BAFF levels were increased by 9.7-
fold between IgAVN and IgAVwoN and 26.5-fold between IgAVN and HCs. The role of BAFF in IgAV
remains unclear, it has only been explored by one study which did not find any association between
BAFF gene polymorphisms and IgAV (230). BAFF is a cytokine of the tumour necrosis factor (TNF)
family and some evidence suggests it could activate the tumour necrosis receptor-associated factor 6
(TRAF6)/NF-kB pathway in glomerular mesangial cells consequently contributing to IgA nephropathy
pathogenesis (231). BAFF serum levels were reported to be significantly elevated in patients with IgA
nephropathy and to correlate with clinical and histological features, suggesting that serum BAFF may
be a biomarker of disease severity (231-234). However, Vincent and colleagues were unable to detect
urinary BAFF in IgA nephropathy patients, but this study used ELISA analysis in an older population
(mean age 44.5 years range [21-69]) (235). In mice, overexpression of BAFF resulted in an IgA

nephropathy-renal phenotype and hyper-IgA syndrome (236, 237). In addition to IgA nephropathy,
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raised serum BAFF levels have also been linked to various autoimmune diseases such as rheumatoid
arthritis (RA), Sjogren syndrome, systemic lupus erythematosus (SLE) and multiple sclerosis (229).
Increased urinary BAFF levels and its usefulness as a biomarker has been reported for lupus nephritis
(235, 238). BAFF is mainly produced by antigen-presenting cells, including monocytes, dendritic cells,
neutrophils, B cells and T cells (239). However, the site of BAFF production in states of nepbhritis
remains unknown, although BAFF was expression in the renal tubular epithelial cells of patients with

renal allograft rejection has been reported by a previous study (240, 241).

Thus, targeting B-cell modulation through BAFF inhibition (or through inhibition of a-
proliferation-inducing ligand -APRIL- which has a very similar function and structure to BAFF (232))
represents a promising therapeutic approach and may reduce the production of gd-IgA1 and glycan-
specific immunoglobulins. In adult patients with SLE, results from clinical trials of blisibimod (a
monoclonal antibody against BAFF) reported it was safe and associated with reduced proteinuria and
successful biomarkers response (242, 243). In IgA nephropathy, results are awaited for the BRIGHT-SC

trial (ClinicalTrials.gov; NCT02062684), a phase II/Ill study assessing the safety and efficacy of

blisibimod in patients with IgA nephropathy, and the interim results reported a significant decrease in
B-cells subsets and serum immunoglobulins levels as well as reduction in proteinuria in the blisibimod
group (232). The efficacy and safety of another BAFF inhibitor, belimumab, is currently being assessed

in a phase Il study recruiting adult patients with IgA nephropathy (clinicaltrialsregister.eu; 2017-

004366-10). In addition, the preliminary results of a safety and efficacy phase Il study of APRIL inhibitor

atacicept (ClinicalTrials.gov; NCT02808429) reported that at 24 weeks, a dose-dependent reduction in

serum immunoglobulins, including in gd-IgA1, and proteinuria was observed (244).

Our data suggests that BAFF could be involved in the pathophysiology of IgAVN and it may be
a promising marker of disease activity as well as a potential drug target. Further analysis is warranted
as more evidence supporting the role of BAFF in IgAVN could lead to clinical trials with drugs that have

already shown to be safe in adult populations.

4.4.2. Criptol

One of the other significantly elevated protein in this study was Cripto-1, an embryonic protein
that is re-expressed during inflammation, wound healing and tumorigenesis (245). Several in vitro
studies have shown that Cripto-1 modulates macrophage cytokine secretion resulting in elevated
concentrations of pro-inflammatory cytokines TNF-q, IL-6, IL-1B and anti-inflammatory cytokine IL-10
(245, 246), all of which have also been linked to the pathogenesis of IgAV and IgAVN (47). In addition,

overexpression of cripto-1 was reported in Crohn’s disease, ulcerative colitis and RA pathological
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tissues (245) suggesting a link to autoinflammatory processes. Increased urinary concentrations of

Cripto-1in our IgAVN cohort (7.8x) supports a potential role of this modulating protein in IgAVN.

4.4.3. Sex-hormone binding globulin

The potential biological significance of our finding of increased urinary sex-hormone binding
globulin (SHBG) levels in IgAVN is unclear. SHBG is a glycoprotein primarily synthesised by the liver
anditisinvolved in transporting androgens and oestrogens. SHBG serum levels are stable in childhood
and decrease at puberty, especially in boys (247). Invitro, SHBG suppresses inflammation in
macrophages (248) and it is downregulated by TNF-a (249) and IL-1B (250). Plus, low plasma SHBG
were reported in patients with RA (251) and TNF- a inhibition resulted in an increase in blood levels
of SHBG in patients with RA (252) and psoriatic arthritis (253). In our cohort, two of the IgAVN patients
were taking prednisolone and the pubertal status of our cohort was not documented. The impact of
synthetic glucocorticoids on urinary SHBH is unknown, although some studies have reported lowered

SHBG serum levels for patients undergoing treatment with corticosteroids (254).

4.4.4. Angiotensinogen

The significantly increased concentration of urinary angiotensinogen in this study is not
surprising because extensive evidence supports the existence of an intrarenal RAAS system which
contributes to kidney disease progression (255), and the benefits of RAAS inhibition as a
renoprotective treatment is well recognized for glomerular diseases (256). Furthermore, the RAAS
system may have a direct role in complement pathway activation through renin-mediated C3 cleavage
as demonstrated in vitro and suggested through a study evaluating the efficacy of direct renin-
inhibition (aliskiren) in dense deposit disease where reduced systemic and renal complement
activation was observed (257). ACE gene polymorphisms have also been associated with IgAV
susceptibility (258). The majority of the circulating AGT is produced by the liver but local renal
production by the proximal tubules has been demonstrated in animal models (259). In a study by
Nishiyama and colleagues, urinary AGT (UAGT) levels were raised in patients with IgA nephropathy
and this was shown to correlate with renal tissue gene expression of AGT and angiotensin Il
immunoreactivity. Thus, UAGT was proposed to provide a specific index of intrarenal RAAS activity in
patients with IgA nephropathy (260). We found that urinary UAGT concentrations were increased by
6.5-fold in IgAVN compared to IgAVwoN and this was observed by two previous studies that found
remarkably elevated UAGT levels in children with IgAVN (261, 262). In addition, a recent systematic
review identified UAGT as one of the most promising pre-clinical biomarkers in children with IgAVN.
However, urinary renin levels were not significantly different across the groups in the current study.
Interestingly in our cohort, there was a trend towards increased UAGT levels in patients without

nephritis although this finding was not statistically significant (p=0.055).
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4.4.5. Apolipoprotein Al

We report elevated levels of urinary apolipoprotein A1 (ApoA1l), which is a novel finding in
IgAVN. ApoAl is the main protein component of high-density lipoproteins (HDL) (263) and although
HDL have a protective role in cardiovascular disease and it has been widely studied, more recent
evidence suggests HDL may contribute to kidney disease (264) and auto-immunity (265). The kidneys
are involved in HDL metabolism and interactions between renal parenchymal cells and potentially
harmful lipoproteins could be a factor contributing to CKD initiation / progression (264). A recent study
reported elevated urinary ApoAl in children with various kidney diseases (including 18 children with
glomerulonephritis) (266) and multiple adult studies report similar findings (267, 268). Of note, ApoAl
is normally reabsorbed by the renal tubules through cubulin/megalin complexes (269) and urinary
ApoAl levels were particularly elevated in children with diseases involving the proximal tubules (266).
Abnormal forms of urinary ApoA1l have been reported in several kidney diseases and an association
was found between high molecular weight forms of ApoAl and relapsing focal segmental sclerosis

following kidney transplant (267, 270).

We report increased urinary ApoA1l (6.0x) in nephritis due to IgAV. Identifying whether ApoA1l
is excreted in a modified form and its effect in the downstream lipid pathways could provide more

information on the renal handling of lipoproteins and their role in this disease.

4.4.6. Complement activation

Activation of both the alternative and mannose-binding lectin complement pathways have
been demonstrated in IgAV (44) with skin and mesangial deposits reported to contain complement
components C3 and C5-9 (57, 271). In addition, C4d and C5b-9 positivity in renal biopsies has been
associated with poor renal outcomes in patients with IgAVN and IgA nephropathy (59). The findings
of increased C5/C5a and complement factor D concentrations in the urine of children with IgAVN
compared to IgAVwoN (respectively 4.6x and 2.6x) raises the potential role of the complement system
in the pathophysiology of this condition and supports this pathway as a potential treatment target. C5
cleaves into C5a, a potent neutrophil chemoattractant, and C5b, which ultimately leads to the
formation of the membrane attack complex (MAC) (272). C5a has also been shown to increase
production of pro-inflammatory cytokines and endothelial adhesions molecules involved in IgAV

pathogenesis by endothelial cells in vitro (57) , as discussed in 1.1.3.5.

Although the alternative complement pathway is continuously active at low level due to
spontaneous C3 hydrolysis, cleavage of C3-bound factor B by factor D is essential to form the
C3(H20)Bb convertase. In addition, factor D also plays an essential role in controlling complement

activation through the amplification loop. Hence, its concentration is the limiting factor of the
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alternative pathway, as it is ultimately responsible for the activity and output of this route, making
factor D a strategic therapeutic target (53). Impaired regulation of the alternative pathway may
contribute to the renal phenotype in IgA-mediated glomerulonephritis, as suggested by several studies
which showed that genetic variants of factor H (a major negative regulator of the alternative pathway)
and factor H-related proteins predispose patients to IgA nephropathy (273-277) or play a role in
determining the renal phenotype of patients with IgAV (58). In the current study, the presence of
factor D in the urine of patients with IgAVN suggests that activation of the alternative pathway is

involved in IgAVN.

4.4.7. Other markers
A further 10 novel urinary proteins were significantly increased in IgAVN, their biological

function and potential relevance to the pathophysiology of IgAVN are summarised in Table 4.5.
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Protein

Biological function and potential pathophysiological role

EGF-R

Membrane tyrosine kinase receptor, can be activated by 7 intracellular ligands but
also by extracellular stimuli, such as angiotensin Il, TNF-a and other cytokines (278)
Widely expressed in glomeruli and tubules (278)

Important role in nephrogenesis, electrolyte handling, and tissue repair (especially
following acute kidney injury): may be a surrogate marker for regenerative tubular
function reserve (278, 279)

Pathway also involved in the initiation and progression of various chronic kidney

diseases through inflammation, fibrosis and cellular proliferation (278, 279)

ICAM-1

Adhesion molecule playing a role in inflammation and regulation of vascular
permeability, promotes leukocytes-endothelium interactions (280, 281)

In IgAVN, serum levels increased in the active phase compared to convalescent phase
of the disease, but no statistical difference from healthy and disease-control groups
(214, 215, 282, 283)

Mesangial expression in IgAVN and IgA nephropathy reported (215)

Anti-endothelial cell antibodies may upregulate ICAM-1, further contributing to

vascular damage (see 1.1.3.4)

CXCL16

Chemokine mainly involved in leukocytes migration (284)

CXCL16 induced by angiotensin Il in renal tubular epithelial cells upregulate
hypertensive renal injury and fibrosis in an NFkB dependent manner (285, 286)
Plasma levels correlated with clinical and histological features, extent of infiltrating

inflammatory cells and renal outcome in 230 children with IgA nephropathy (287)

CXCL1

Chemokine, powerful neutrophil chemoattractant (284)

In mesangial cells, upregulation induced by IgA1 complexes from IgA nephropathy
patients in vitro, with resultant podocyte injury (288)

High urinary levels associated with severity of clinical and pathological features and

poor renal prognosis in adults with IgA nephropathy (289)

IGFBP-3

Binds insulin-like growth factor-1 (IGF-1), a hormone essential for normal growth and
metabolism regulation (290)

Over-expression associated with the development of renal diseases, such as mesangial
proliferation and podocytosis in animal models of IgA nephropathy (291)

However, unclear whether IGFBP-3 is involved in the pathophysiology of CKD

ST2

Member of IL-1 receptor family, induces inflammation by inhibiting IL-33/ST2L
signalling (127)
Important prognostic marker in patients with heart failure, including in those with CKD

(127)
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ST2 - Higher serum levels and correlated with the severity of IgA nephropathy (292),
(continued) however a study reported no difference in 33 patients with IgAV (of which 36.4% had
IgAVN) (293)

CD40L - Primarily expressed by activated T cells, activated B-cells, and platelets. Also exists in

soluble form (294)

- CD40/CD40L signalling plays important role in the progression of a range of renal
diseases (294)

- May play a role in the differentiation and functional maturation of B10 cells in children
with IgAVN (295)

- Can activate endothelial cells leading to reactive oxygen species, chemokine and
cytokine production, in addition to expression of adhesions molecules E-selectin,

ICAM-1, and VCAM-1 (296), further promoting vascular inflammation (see 1.1.3.4)

Serpin E1 - Serine protease inhibiting plasminogen activator, thus inhibiting fibrinolysis (297)
- Intrarenal production in states of acute and chronic disease, and by angiotensin Il
(297)
- Plasma levels correlate with disease with renal disease severity and long-term
outcome (297)
- Powerful fibrosis-promoting effect on the kidneys (297)
- RAAS inhibition suppressed the angiotensin ll-induced serpin E1 in mesangial cells

in vitro, hence it may be another novel therapeutic target (298, 299)

LIF - Member of the IL-6 family, synthesised by a variety of cells including renal epithelial
cells (300)
- Involved in kidney development, inflammation and renal regeneration following
tubular injury (300)
- Enhanced production of gd-IgA1 in vitro (301)

IL-5 - Th2-type cytokine
- Important role in supporting the growth and differentiation of B cells, especially by
promoting B cell differentiation into IgA-secreting cells (302)
- InlIgA nephropathy, plasma IL-5 stimulated the production of abnormally glycolysated

IgA in vitro and in animal models (302)

Table 4.5: Other urinary proteins significantly increased in IgAVN vs. IgAVwoN that had not been reported in the literature
before for IgAVN. EGF-R: epithelial growth factor receptor; ICAM-1: intracellular adhesion molecule 1; CXCL16: CXC motif
cytokine ligand 16; CXCL1: CXC motif cytokine ligand 1, IGFBP-3; insulin-like growth factor-binding protein 3; ST2: suppression
of tumorigenicity 2; CD40L: cluster of differentiation 40 ligand; RAAS: renin-angiotensin aldosterone system; LIF: leukaemia
inhibitory factor: IL: interleukin.

4.4.8. Already known markers of IgAVN
Our findings are consistent with those reported in a recent systematic literature review that
identified urinary biomarkers in children with IgAVN (128). The current summary of the literature

supported the significance of UAGT, B2-microglobulin, KIM-1 and MCP-1 (128). In addition, individual

102



studies have reported elevated urinary levels of MIF (303), MMP-9 (304), IL-6, IL-8 and IL-10 (195) in
paediatric IgAVN. Our study did not find elevated levels of B2-microglobulin, MMP-9 and IL-6/8/10 in
IgAVN, however it is important to note that this was a small preliminary study using a semi-
guantitative technique. Dyga and colleagues did not find any significant association between the
concentrations of urinary NGAL and L-FABP (305), which is in keeping with our findings. Our findings
of elevated urinary proteins which could result from tubulointerstitial inflammation/injury (KIM-1,
ApoA1l, EGF-R, AGT, LIF) further supports that IgAVN includes some degree of tubular inflammation in

addition to the glomerulonephritis, as previously proposed by Williams et al (128).

4.4.9. Limitations

This study has several limitations, first of all due to its cross-sectional nature, with samples
obtained at different stages of the disease. The assays were semi-quantitative and despite good
agreement in general between the inflammatory markers present in both kits, there were minor fold-

change and p-value differences of the duplicated proteins between kits K and C.

Finally, it remains unclear whether these markers are specific to IgAVN or result from
pathophysiological features shared between different renal diseases, such as excessive inflammation,
or a by-product of proteinuria. While this study was limited in terms of sample size, it provides
exploratory data to direct future studies, and it demonstrates that urinary protein profiles do vary
between IgAV and IgAVN patients. Future work will look to utilise more robust quantitative methods,
such as ELISAs and mass spectrometry techniques, to validate the findings of the most highly

expressed proteins using a larger patient cohort.

4.5. Conclusions

The current study utilised a small number of patients in a cross-sectional design to explore a
large number of urinary proteins in patients with established IgAVN. It was able to uncover some
interesting variations in the urinary protein profiles that may help elucidate further mechanisms of
pathophysiology and represent potential drug targets for intervention. Furthermore, longitudinal
evaluation would allow for the development of nephritis to be better characterised, which would

significantly improve our mechanistic understanding of the development of IgAVN.
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5. Discussion

As IgAV is a self-limiting disease in the vast majority of patients, it is often perceived as a
disease with low disease activity and this can add frustration and potential delays in patients with
atypical features reaching specialist care. This is further exacerbated by the lack of standardised
definitions and consensus on the management of more complex cases, many of whom may be at
increased risk of nephritis. It is well recognised that progression to CKD 5 is reported in 1-2% of
children, however in the very long term, severe renal impairment can occur in 35% of adults who had
IgAVN in childhood (19, 102). In view of these circumstances, the overall aim of this thesis was to

improve the understanding of disease activity in children with IgAV.

The first section of this work allowed potential standard definitions for recurrent and
persisting IgAV following an evaluation of a clinical cohort and an extensive review of the literature,
which will provide a framework for further discussion as part of a national working group to help
develop the first national best-practice clinical guidelines for the diagnosis and management of IgAV
in children. Next, the second chapter managed to determine that IgA and C5a could be measured in
the urine and may be indicative of nephritis in children with IgAV. Finally, the last section of this thesis
involved a broad approach to analyse multiple protein markers to provide insight into the
pathophysiology of IgAVN. This exploratory data is an important step that could lead to early
stratification of the high-risk patients, following validation in large longitudinal prospective studies.
This is essential to be able to utilise what patients and their families often describe as a “window of
opportunity” for early clinical intervention or closer monitoring. This work demonstrates that urine
could be an informative non-invasive biofluid for future large longitudinal prospective studies to
investigate the correlation of the identified markers to clinical characteristics, explore potential drug

targets and improve patient outcomes.

Overall this thesis has provided some insight into achieving standardised ways to evaluate

IgAV and a better understanding of the pathophysiology leading to nephritis.

5.1. Limitations

This thesis has limitations that have been discussed in each chapter. Overall, the main
limitation includes the fact that this work retrospectively collected data from a tertiary centre which
is more likely to treat patients with a more severe disease course. This is particularly relevant for the
children in the case series, as many were referred by other healthcare providers. It may be that the
children with milder recurrences were managed in primary/secondary care, hence our population was

skewed.
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Another limitation of this work is the sample size in both chapters 2 and 4, as larger cohorts
are needed to validate the findings. Similarly, the IgAV study was set up as a pragmatic study to initially
collect cross-sectional samples, hence the heterogenicity in the patient populations. In addition,
chapter 4 was based on a semi-quantitative technique, and although it provides interesting
exploratory data, quantitative validation of these findings is needed. Finally, the addition of an

autoimmune control group may have improved this work.

5.2.Recent initiatives and future work

In addition to enhancing the understanding of paediatric IgAV disease activity, this work has
provided pilot data and opens up new areas for future work. Chapter 2 specifically highlighted the lack
of standardisation in this disease, which may be one reason contributing to the lack of high-quality
evidence. Recently, the SHARE guidelines aimed to provide internationally agreed consensus
recommendations for the diagnosis and treatment of children with IgAV. However, no
recommendations were issued for patients with a more complex disease course. Already, national and
international initiatives are being undertaken: nationally, the development of two NICE-endorsed best
practice clinical guidelines for the diagnosis and management of IgAV in children should provide a solid
foundation for both clinical practice and future potential clinical trials. Internationally, the WORLD-
ISAVN project (‘Working together to agree, Lead and Define core features of a clinical trial in
Immunoglobulin A vasculitis nephritis’) will establish a working group to provide a structure for future

studies and enhance international collaboration.

Chapters 3 and 4 uncovered some new interesting urinary proteins that had not been reported
before in children with IgAVN. Specifically, the role of B-cell activation, the complement system and
the RAAS system should be further explored, due to their potential use as a therapeutic target and the
many ongoing clinical trials in similar diseases, especially in IgA nephropathy. They could also be useful
markers of disease activity. Future work is already underway to validate these findings using
guantitative methods. Further, the structure of the urinary IgA should be explored, especially to
characterise any relationship between IgA glycan-specificity and the renal phenotype. Large
multicentre longitudinal studies, using remote sampling to recruit patients from the time of diagnosis,
are needed to investigate the timing of onset and prognostic value of large biomarker panels; this

could be achieved using multiplexing Luminex assays or mass spectrometry techniques.
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6. Conclusions

There are unmet needs in many aspects of managing paediatric IgA vasculitis. This work
evaluated children with a recurrent and/or a prolonged disease course to propose standardised
definitions and contributed to the discovery of new urinary markers of kidney inflammation providing
novel insight into the pathophysiology of IgAV nephritis. Further translational research studies,
randomised clinical trials and standardised clinical guidelines are urgently needed to improve

outcomes in this disease.
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8. Appendices

8.1. Appendix 1

The published version of chapter 3: Urinary Protein Array Analysis to Identify Key Inflammatory Markers in Children with IgA

Vasculitis Nephritis.
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Abstract: Chronic kidney disease is a recognised complication of immunoglobulin A vasculitis, (IgAV;
formerly Henoch-Schonlein purpura—HSP). The pathophysiology of IgAV and why some patients
develop significant renal involvement remains largely unknown. Identifying urinary inflammatory
markers could direct targets for earlier intervention. The aim of this cross-sectional exploratory
study was to perform a large protein array analysis to identify urinary markers to provide insight
into the mechanisms of kidney inflammation in children with established IgAV nephritis (IgZAVN).
Determination of the relative levels of 124 key proteins was performed using commercially available
proteome profiler array kits. Twelve children were recruited: IgAVN, n = 4; IgAV without nephritis
(IgAVwoN), n = 4; healthy controls (HCs), n = 4. The urinary concentrations of twenty proteins were
significantly different in IgAVN compared to IgAVwoN. The largest fold changes were reported for
B-cell activating factor (BAFF), Cripto-1, sex-hormone-binding globulin and angiotensinogen. The
urinary levels of complement components C5/C5a and factor D were also significantly elevated
in patients with IgAVN. A total of 69 urinary proteins significantly raised levels in comparisons
made between IgAVN vs. HCs and nine proteins in IgAVwoN vs. HCs, respectively. This study
identified key urinary proteins potentially involved in IgAVN providing new insight into the patho-
physiology. Further longitudinal studies with larger cohorts are needed to quantitatively analyse
these biomarkers.

Keywords: IgA vasculitis; Henoch-Schonlein purpura; IgAV; HSP; nephritis; children; urine; biomarker

1. Introduction

Immunoglobulin A vasculitis (IgAV; formerly Henoch-Schonlein purpura—HSP [1])
is an immune-mediated vasculitis affecting small blood vessels. It is the most common
form of childhood vasculitis with an estimated annual incidence of 20.4 per 100,000 chil-
dren and a peak age of onset at approximately 6 years old [2]. It usually presents with
a purpuric non-blanching rash with lower limb predominance, and it is commonly asso-
ciated with abdominal pain, arthralgia/arthritis and renal involvement [3]. The disease
typically self-resolves over a period of weeks to months in over 90% of children [4]; hence,
treatment is mainly supportive [5]. Renal involvement (i.e., [gAV nephritis and IgAVN) is
the most serious long-term manifestation of IgAV. IgAVN occurs in 40 to 50% of children,
and it can present with a spectrum of manifestations that include microscopic haematuria
and/or proteinuria, nephritic/nephrotic syndrome [4,6] and, rarely, rapidly progressive
glomerulonephritis [7]. Although renal involvement is mainly self-limiting, 1-2% of chil-
dren progress to chronic kidney disease (CKD) stage 5 [8]. For this reason, common clinical
practice is that all children with IgAV should have at least 6 months of urinalysis testing
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and blood pressure monitoring following the first presentation [9,10]. The rising presence
of proteinuria is suggestive of evolving nephritis, and the gold standard for confirming
and grading the diagnosis is to perform a renal biopsy [5].

Histologically, IgAVN is characterised by mesangial deposition of pathogenic galactose-
deficient IgA1 containing immune complexes, complement activation and neutrophil infil-
trates in the glomerulus [11]. Yet, the exact pathophysiology of IgAV and the reasons why
some patients develop significant renal involvement remains largely unknown. Identifying
the variations in urinary proteome profiles between patients with and without nephritis
may aid understanding of the pathophysiology of IgAVN and direct the identification of
new treatment targets for future validation studies.

Urine offers an ideal biofluid to assess the presence of renal disease and to uncover po-
tential biomarkers that may be more indicative of IgAVN and help elucidate mechanisms of
disease. A recent systematic review of the existing literature highlighted that kidney injury
molecule-1 (KIM-1), monocyte chemotactic protein-1 (MCP-1), N-acetyl-3-glucosaminidase
(NAG) and urinary angiotensinogen (UAGT) seemed to be the most promising biomarkers
in identifying the presence and/or severity of IgAVN [12]. The aim of this study was to per-
form a large exploratory protein array analysis of urinary markers of kidney inflammation
and/or injury to provide insight into the pathophysiology of IgAV using a select cohort of
children with established IgAVN.

2. Materials and Methods
2.1. Definitions and Patient Selection

Children were recruited as part of the IgA Vasculitis Study, a single-centre observa-
tional longitudinal study at Alder Hey Children’s Hospital, Liverpool, UK, between 28
August 2019 and 13 October 2021. For this study, clinical data (i.e., history, medication,
blood pressure, urinalysis, blood tests, histology reports, imaging report and disease pro-
gression) were collected at presentation and during follow up together with biosamples
including urine.

Children of any sex aged <18 years old at diagnosis were eligible to take part in
this study. Patients had to be diagnosed clinically with IgA vasculitis according to the
EULAR/PRINTO/PRES criteria [3]. A minimum follow-up period of 12 months from
sample collection was required, and a urine sample had to be obtained during this follow-
up period. Patients were considered to have completed the 12 months follow up if they
were discharged from the 6 month nurse-led HSP pathway [10] and did not have any
further IgAV-related presentations to the institution. Exclusion criteria were as follows:
(1) diagnosis of IgAV uncertain or in doubt; (2) other concurrent inflammatory or renal
condition; (3) incomplete follow up; (4) urine sample obtained at a point greater than
12 months from diagnosis; (5) undergoing dialysis.

The patients with IgAV were subdivided according to the presence of nephritis.
Nephritis (termed the “IgAVN” group) was defined as a urinary albumin to creatinine
(UACR) > 30 mg/mmol at the time of sampling [3] and a kidney biopsy demonstrating
IgAV prior to or within 7 days of sample collection. In order to identify cases with more
severe renal inflammation, patients were selected from those with the highest UACR from
the IgA Vasculitis study cohort. Patients with no renal involvement (termed the “IgAVwoN"
group) were patients with a negative urine dipstick for protein and blood at the time of
sampling and with an uncomplicated disease course, defined as no further presentation
due to the fact of IgAV, a UACR < 10 mg/mmol at any point during their follow up and
those who received no treatment apart from simple analgesia. A UACR of 0 mg/mmol was
assumed for urine dipsticks negative for protein. Hypertension was defined as a systolic
blood pressure above the 95th centile for the child’s age, sex and height for <16 years old or
>140 mmHg for children 16 years and older [13].

Healthy controls were recruited to provide a one-off, age and sex-matched clean-catch,
midstream spot urine sample. These were children aged <18 years old who were attending

121



Children 2022, 9, 622

30f15

for noninflammatory day case investigations or surgery and with not known relevant
medical history or not taking any regular medication.

2.2. Sample Processing

Healthy control urine samples were tested for bacterial contamination using urine
dipstick testing, and they were discarded if they demonstrated positivity for leukocytes,
nitrites, blood or >+1 for protein. Urine samples were centrifuged at 300x g for 10 min,
transferred into a new falcon tube, centrifuged again at 300x g for 10 min and aliquoted into
1 mL sterile Eppendorf tubes for storage. Samples were stored at —80 °C and were thawed
at room temperature and centrifuged for 5 min at 300 x g on the day of the experiment.

2.3. Membrane Antibody Arrays

Human Kidney Biomarker Array Kit and Human XL Cytokine Array Kit (R&D Sys-
tems, Minneapolis, MN, USA) were used to assess the relative concentrations of 38 prede-
fined markers of kidney damage and 105 inflammatory cytokines (total of 124 proteins,
19 were duplicated as they were evaluated in both kits). The full list of the proteins as-
sessed can be found in supplementary Table S1. Both kits were performed according to the
manufacturer’s instructions. Briefly, each array kit consists of 4 nitrocellulose membranes
with spotted capture and controls antibodies embedded in duplicates, each membrane
allowing for 1 urine sample to be assessed (therefore 4 patients per kit). Three sets of each
kit (12 membranes) were available, which allowed for the analysis of 12 different patients’
urine samples. The assays were conducted by performing 4 membranes at a time per day
and subjects were intentionally divided to include at least one of each group in order to
reduce selection bias. Due to the semi-quantitative nature of the membranes, we did not
assess for intra/inter-variability, but we calculated Pearson’s correlation coefficient on the
fold changes of the duplicated proteins.

For clarity, the Human Kidney Biomarker Array kit will be further referred to as “Kit
K” and the Human XL Cytokine Array kit as “Kit C” throughout the study.

2.3.1. Human Kidney Biomarker Array—Kit K

The nitrocellulose membranes were blocked for 1 h using the provided array buffer
and incubated with the capture antibody cocktail and 500 uL of thawed urine at 4 °C
overnight on a rocking platform shaker. Urine samples were frozen again pending Kit C
analysis. Membranes were then washed, incubated with horseradish peroxidase-conjugated
Streptavidin (Streptavidin-HRP) and chemiluminescence reagents. Signal intensity was
measured using enhanced chemiluminescence on the ChemiDoc MP Imaging System
(Bio-Rad Laboratories Ltd., Watford, UK).

2.3.2. Human XL Cytokine Array Kit—Kit C

Urine samples were thawed and centrifuged at 300x ¢ for 5 min. Membranes were
blocked for 1 h using the provided array buffer and incubated with 400450 pL of urine at 4
°C overnight on a rocking platform shaker. Membranes where then washed, incubated with
biotinylated detection antibodies, followed by the addition of Streptavidin-HRP and chemi-
luminescence reagents. Signal intensity was measured using enhanced chemiluminescence
on the ChemiDoc MP Imaging System (Bio-Rad Laboratories Ltd., Watford, UK).

2.3.3. Creatinine Quantification

All results were corrected for the urinary creatinine concentration and automated quan-
tification of urinary creatinine was run by the Biochemistry Department (Alder Hey Chil-
dren’s NHS Foundation Trust, Liverpool, UK) using an enzymatic creatinine method [14]
with an Alinity Ci System analyser (Abbott, Abbott Park, IL, USA).
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2.4. Ethical Approval

All procedures involving human subjects were conducted in accordance with NIHR
Good Clinical Practice, HTA Codes of Practice, the Declaration of Helsinki and comparable
ethical standards. This study was part of the IgA Vasculitis study which was approved by
HRA and Health and Care Research Wales (HCRW) on 21 June 2019 (REC 17/NE /0390,
protocol UoL001347, IRAS 236599). Written informed consent was obtained from parents
and children prior to any study-related procedure.

2.5. Data Analysis

The intensity of each individual chemiluminescence signal was measured using Im-
age] software (NIH) [15] and Image] Protein Array Analyser Macro [16] with automatic
background removal. To determine the relative concentration of each protein, the average
value of the duplicates was measured and normalised to the average of the 6 positive
control points, the volume of urine aliquot used and the urinary creatinine concentration.
For each protein, fold change was obtained by calculating the ratios of the average relative
concentration per group for IZAVN/IgAVwoN, IgAVN/HC and IgAVwoN/HC. Data are
presented as the fold change (FCx) between two groups.

2.6. Statistical Analysis

Clinical and demographical data were compared with the Statistical Package for
the Social Science (SPSS) version 27.0 software for Windows (IBM Corp, Armonk, NY,
USA). Due to the small sample size, data were assumed to be non-normally distributed
and Mann-Whitney U/Kruskal-Wallis with Dunn-Bonferroni post hoc tests were used
for continuous variables. Pearson’s chi-square was applied to categorical variables. For
the analytes, multivariate principal component analysis (PCA) was performed using the
MetaboAnalyst 5.0 online platform [17] with log2 transformation and pareto scaling. The
Student’s {-test was applied on the log2 transformed data. p-Values and fold change (FC)
were combined using the “EnhancedVolcano” package [18] in R Statistical Software version
4.1.2 (R Foundation for Statistical Computing, Vienna, Austria) to generate volcano plots
and identify significant proteins. A p-value of <0.05 was considered statistically significant.
Protein concentrations were considered to be elevated for FC > 2.0 (2x) and reduced for FC
<0.5(0.5x).

3. Results
3.1. Paediatric Cohort

The study identified 8 children with IgAV from a cohort of 51 recruits to be included
in this exploratory analysis. This included four children with nephritis selected as detailed
previously and four children without any evidence of past or recent nephritis (termed as
4 IgAVN and 4 IgAVwoN). Four HCs were randomly selected from a cohort of 18 HC
children who had been previously recruited to the IgA Vasculitis study. Demographics
and baseline characteristics are presented in Table 1. The male:female ratio was 1:1, and
the median age was 7.6 years old (range: 4.0-13.4). In those patients with IgAVN, renal
involvement was confirmed histologically in all patients (grade II, n = 1; grade Illb, n = 3),
and the median UACR at the time of sample collection was 542.2 (110.4-2357.7) mg/mmol.
All patients within the IgAVN cohort had nephrotic range proteinuria as an indication
for conducting a renal biopsy with a mildly reduced serum albumin concentration but
no evidence of peripheral oedema. They all had normal blood pressure, normal serum
complement titres and normal renal function. The histological analysis demonstrated
diffuse proliferative glomerulonephritis with <50% crescents in three patients and focal
proliferative glomerulonephritis in one patient. All patients had IgA-positive staining
on immunofluorescence (IF) and three out of the four patients had C3 positivity on IF.
One patient had patchy evidence of acute tubular inflammation and one patient had <5%
interstitial fibrosis. Regarding treatment at the time of sample collection, one [gAVN
patient was taking oral prednisolone and one patient was taking both prednisolone and
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azathioprine. Subsequent treatments included azathioprine and prednisolone for one
patient; mycophenolate moefetil, ACEi and prednisolone for another; ACEi only for the
third patient; prednisolone and azathioprine for the fourth patient. One healthy control was
prescribed somatotropin at the time of sample collection. None of the IgAVwoN patients
received any medication. At 12 months, all of the IgAVwoN patients were discharged and
three patients with IgAVN remained under follow up.

Table 1. Patients characteristics at baseline.

Overall IgAVN IgAVwoN HC p-Value
n 12 4 4 4 -
Male/female 6/6 2/2 2/2 2/2 1.000
Age, years 7.6 [4.0-13.4] 9.9 [5.2-12.2] 5.1 [4.0-6.8] 8.8 [7.5-134] 0.058
Time from d’agnj’s’s to 14.8 [1.0-32.0] 14.8 [5.3-25.3] 19.2 [1.0-32.0] . 0.773
sample (weeks)
Hypertension b 2 2 0 - 0.102
Serum creatinine, mg/dL ? 42.0 [32.0-54.0] 435 [33.0-54.0] 32.0 [32.0-32.0] © - 0.400
Urinary creatinine, mmol /L @ 7.8 [1.2-19.9] 6.6 [1.6-13.2] 78[12-94] +£36  9.3[6.8-19.9] 0.668
UACR, mg/mmol ad 0.0[0.0-2357.7] 542.2 [110.4-2357.7] 0.0 [0.0-0.0] 0.0 [0.0-0.0] -
Biopsy proven nephritis - 4 0 - -
ISKDC Grade
mb - 1 - - -
b © - 3 - - -
Medications © 3 2 0 1 -
Corticosteroids P 2 Prednisolone (2) - - -
DMARDs P 1 Azathioprine (1) - - -
Other ® 1 - - Somatropin (1) -
Follow up at 12 months
Discharged 5 1 4 -
Still under follow up 3 3 - -

 Median [range]; ® 1; © serum creatinine only available for one IgAVwoN patient; 4 UACR of 0 mg/mmol
assumed if urine dipstick negative for protein. UACR: urinary-albumin-to-creatinine ratio; ISKDC: International
Study for Kidney Disease in Children Classification; DMARDs: disease modifying antirheumatic drugs.

3.2. Exploratory Data Analysis

Principal component (PC) analysis was conducted to visualise the data sets using the
first two principal components, and the score plots for each kit are presented in Figure 1a,b
(Kit K: PC1 x PC2 = 82.8%; Kit C: PC1 x PC2 = 82.7%). The models demonstrated clear
separation between IgAVN and both the IgAVwoN and HC groups. The IgAVN and
IgAVwoN clusters demonstrated some areas of overlap in Kit C.

3.3. Comparison between IgAVN and IgAVwoN

Urinary levels of 20 proteins (5 in Kit K: 3.1% and 15 in Kit C: 14.3%) were significantly
increased in IgAVN compared to IgAVwoN (Figure 2ab). Proteins significant in either
IgAVN vs. IgAVwoN or IgAVN vs. HC comparisons are shown in Table 2; full results
can be found in Supplementary Materials Tables S2 and S3. The main features identified
were B-cell activating factor (BAFF; 9.7x), Cripto-1 (7.8x), sex-hormone-binding globulin
(SHBG; 7.6x), angiotensinogen (AGT; 6.5x), apolipoprotein A1 (ApoA1; 6.0x) and epithelial
growth factor receptor (EGF-R; 5.8x). One interleukin (i.e., IL-5) and two components of the
complement system (i.e., C5/C5a and complement factor D—(CFD)) were also significant,
with a fold change of, respectively, 2.0, 4.6 and 2.0. Endoglin (1.75x; p = 0.021) and HGF
(1.80x; p = 0.028) were both statistically significant but did not reach the fold-change
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PC2(12.5%)

Significance ( -Logy, P)
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criteria. The urinary concentration of one marker was reduced, but this was not statistically

significant (myeloperoxidase; 0.4x; p = 0.345).
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Figure 1. Exploratory data analysis representation: (a) Kit K: scores plot between principal component

(PC) 1 and PC2 with the explained variance shown in brackets; (b) Kit C: scores plot between PC1

and PC2 with the explained variance shown in brackets.
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Figure 2. Volcano plots of IgAVN vs. IgAVwoN: (a) Kit K; (b) Kit C. The horizontal lines represent
the statistical significance cut off (—log10(0.05)). Vertical lines represent the fold-change cut-off

(10g2(0.5)—10g2(2.0)).

Table 2. A summary of the urinary proteins that were statistically significantly changed in both
assays combined as sorted in order of descending fold change (IgAVN vs. IgAVwoN). Bold text
represents duplicated proteins that were measured in both kits where results from Kit C are reported.

1
Fold Change ( Log; )

(b)

*p <0.05.
IgAVN vs. IgAVwoN IgAVN vs. HCs
Protein
Fold Change p-Value Fold Change p-Value
BAFF 97 0.026 * 26.5 0.004 *
Cripto-1 7.8 0.015* 7.1 0.026 *
SHBG 7.6 0.008 * 13.3 0.004 *
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Table 2. Cont.
IgAVN vs. IgAVwoN IgAVN vs. HCs
Protein
Fold Change p-Value Fold Change p-Value
Angiotensinogen 6.5 0.010* 22.6 0.007 *
ApoAl 6.0 0.020 * 6.0 0.035*
EGF-R 5.8 0.002 * 7.8 <0.001 *
C5/Cba 4.6 0.033 * 6.5 0.012*
KIM-1 4.1 0.004 * 41 0.001 *
ICAM-1 4.0 0.012* 10.2 <0.001 *
ENA-78 3.7 0.059 7.4 0.016 *
CXCL16 3.7 0.013 * 45 0.013*
IGFBP-3 34 0.023 * 10.7 <0.001 *
MCP-1 34 0.047 * 12.0 0.001 *
ST2 3.3 0.014 * 8.2 <0.001 *
CD40 Ligand 3.0 0.045 * 72 0.008 *
PF4 2.9 0.261 7.5 0.036 *
CFD 2.6 0.009 * 34 0.005 *
GH 2.6 0.067 6.3 0.004 *
IL-6 2.6 0.196 5.5 0.036 *
Serpin E1 2.5 0.034 * 8.1 <0.001 *
LIF 24 0.008 * 55 0.001 *
MIF 22 0.015* 31 0.006 *
Fas Ligand 2.1 0.086 3.8 0.008 *
IL-5 2.0 0.047* 4.6 0.003 *
CXCL1 2.0 0.022 * 43 <0.001 *
IL-4 2.0 0.078 4.6 0.004 *
TR 1.9 0.087 5.6 <0.001*
RANTES 1.9 0.128 44 0.011*
IL-8 19 0.117 2.9 0.039 *
MCP-1 19 0.061 4.1 0.006 *
IL-22 1.8 0.248 44 0.020 *
HGF 1.8 0.028 * 43 0.001 *
IP-10 1.8 0.128 2.8 0.023 *
IGFBP-2 1.8 0.203 49 0.011*
Endoglin 1.8 0.021 * 2.7 0.014*
MIG L7 0.110 3.8 0.001*
Flt-3 Ligand 17 0.131 2.7 0.019*
Leptin 17 0.268 43 0.009 *
IL-10 17 0.288 33 0.032*
IL-19 15 0.320 3.8 0.009 *
G-CSF 15 0.220 3.6 0.003 *
PDGF-AA/BB 15 0.236 4.2 0.007 *
TARC 15 0.340 41 0.011*
GM-CSF 14 0.234 32 0.016 *
Angiopoietin-1 14 0.326 35 0.034 *
MIP-1a/ MIP-1B 14 0.277 2.6 0.014*
IL-15 14 0.289 3.2 0.011*
IL-33 14 0.363 3.7 0.007 *
IL-31 14 0.371 33 0.015*
IL-23 14 0.431 33 0.024 *
MCP-3 13 0.377 32 0.016 *
MIP-3o 13 0.349 2.5 0.018*
IL-16 13 0.374 2.7 0.016 *
I-TAC 12 0.370 29 0.009 *
Relaxin-2 12 0.510 29 0.048 *
IL-24 12 0.504 3.2 0.019*
IL-13 12 0.603 34 0.016 *
IFN-y 12 0.609 32 0.030 *
IL-34 12 0.554 2.6 0.025*
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Table 2. Cont.
IgAVN vs. IgAVwoN IgAVN vs. HCs
Protein
Fold Change p-Value Fold Change p-Value
Pentraxin-3 1.1 0.732 3.0 0.035*
1L-27 i 5 0.570 3.3 0.023 *
TNF-« 1.1 0.469 2.3 0.023 *
Dkk-1 11 0.562 25 0.011*
IL-32 1.1 0.558 35 0.004 *
BDNF 1.0 0.757 2.6 0.020 *
PDGF-AA 1.0 0.735 2.2 0.027 *
MIP-3b 0.9 0.484 3.5 0.013 *
Th“’mbl"sl"’“dm' 0.9 0.781 26 0.029*
TGF-« 0.9 0.929 23 0.028 *

Significance ( -Logyo )

KIM 4

3.4. Comparison between IgAVN and the HCs

Analysis of IgAVN versus the HCs revealed 68 proteins with significantly increased
urinary concentrations (Figure 3a,b and Table 2; full results in Tables S2 and S3). The
highest reported fold change was BAFF (26.5x) followed by angiotensinogen (22.6x), SHBG
(13.3x) and MCP-1 (12.0x). Eighteen interleukins out of the 26 assessed by the arrays
were significantly elevated compared to the control levels. All of the significant proteins

identified by the IgAVN vs. IgZAVwoN comparison were also significant in this comparison.

No proteins had reduced levels between the two groups.
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Figure 3. Volcano plots of IgAVN vs. IgAVwoN: (a) Kit K; (b) Kit C. The horizontal lines represent the

statistical significance cut off (—1og10(0.05)). Vertical lines represent the fold-change cut-off (log2(2.0)).

Fifteen top hits in term of FC are labelled in (b).

3.5. Comparison between IgAVwoN and the HCs

The concentrations of nine proteins were increased in the urine of IgAVwoN patients
when compared to the HCs (Figure 4a,b). MCP-1 levels were statistically significantly
increased (3.5x; p = 0.001); angiotensinogen was increased, although not reaching statistical
significance (3.5x; p = 0.055). Urinary IL-13 (2.8x; p = 0.049), leptin (2.6x; p = 0.022), IL-19
(2.5x; p = 0.029), GH (2.4x; p = 0.017), HGF (2.4x; p = 0.020), IL-4 (2.3x; p = 0.036), IL-5
(2.3x; p = 0.016) and CXCL1 (2.1x; p = 0.017) concentrations were all elevated in IgAVwoN
patients compared to the HCs.
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Figure 4. Volcano plots of IgAVwoN vs. HCs: (a) Kit K; (b) Kit C. The horizontal lines represent
the statistical significance cut-off (—log10(0.05)). Vertical lines represent the fold-change cut-off
(log2(2.0)).

3.6. Correlation between the Kit K and C

A total of 19 proteins were assessed in both Kit K and Kit C. Moderate positive
correlation [19] (Pearson’s correlation coefficient of 0.640) was found between the two kits
when comparing the reported average fold changes. MCP-1 reached statistical significance
in all comparisons in Kit K as well as in IgAVN vs. IgAVwoN in Kit C and demonstrated
a very similar p-value, although it was located on either side of the cut-off, for IgAVN vs.
IgAVwoN (p = 0.061) in Kit C. CXCL1 was found to be significant in all comparisons in
Kit C only. The fold changes and p-values of six proteins that were reported as statistically
significant in at least one kit are reported in Table 3. There was agreement on a further
13 proteins which did not reach statistical significance in both kits.

Table 3. Proteins reported significant by one comparison in at least one kit. Data are presented as the
fold change (p-value). The bold text highlights discrepancies in the results of significance between
the kits.

. IgAVN vs. IgAVwoN IgAVN vs. HC IgAVwoN vs. HC
rotein
Kit K Kit C Kit K Kit C Kit K Kit C
CXCL1 1.8 (0.534) 2.0 (0.022) 5.0 (0.206) 4.3 (<0.001) 2.8 (0.539) 2.1 (0.017)
IL-6 2,6(0.196) 1.8(0.293) 55(0.036)  3.3(0.052)  2.1(0.496) 1.8(0.197)
1L-10 1.6(0659) 1.7(0288) 4.8(0.346)  3.3(0.032)  3.1(0.642)  2.0(0.203)
MCP-1 3.4(0.047) 1.9(0.061) 12.0(0.001) 4.1 (0.006) 3.5(0.001)  2.2(0.134)
Thrombospondin-1 14(0719) 09(0.781)  3.7(0.397)  2.6(0.029)  26(0.673) 2.9 (0.153)
TNF-« 16(0.446) 1.1(0469) 2.7(0.366)  2.3(0.023)  16(0.963) 2.1(0.385)

4. Discussion

This study aimed to use an exploratory small cohort to assess the relative concen-
trations of 124 known urine markers of kidney inflammation and injury in children with
IgAV to identify differences between those with and without established renal involvement
to provide insight into pathophysiological mechanisms. The demographic data, renal
parameters and histological features of our cohort were typical of how the majority of chil-
dren present with IgAVN, and we report increased relative urinary levels of 20 proteins in
IgAVN when compared to IgAVwoN. To our knowledge, this exploratory study is the first
to evaluate such an extensive panel of urinary proteins in children with IgAVN. Although
the study cohort was limited by size, we report some novel findings that provide new
insight into the pathophysiology of IgAVN.
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A recognised feature of IgA-related renal diseases is the presence of galactose deficient
IgA, known as Gd-IgA1, and glycan-specific IgG and IgA antibodies, which are found at
increased circulating levels in IgAVN [11]. They are mainly derived from activated B-cell
lymphocytes, and effective B-cell maturation relies upon B-cell activating factor (BAFF) [20].
In our study, urinary BAFF levels increased by 9.7-fold between IgAVN and IgAVwoN
and by 26.5-fold between IgAVN and HCs. The role of BAFF in IgAV remains unclear, as
it has only been explored in one study that did not find any association between BAFF
gene polymorphisms and IgAV [21]. BAFF is a cytokine of the tumour necrosis factor
(TNF) family, and some evidence suggests it could activate the tumour necrosis receptor-
associated factor 6 (TRAF6)/NF-kB pathway in glomerular mesangial cells, consequently
contributing to the pathogenesis of IgA nephropathy [22]. Vincent and colleagues were
unable to detect urinary BAFF in adult patients with IgA nephropathy [23]; however, in
mice, overexpression of BAFF resulted in an IgA nephropathy-renal phenotype and hyper-
IgA syndrome [24,25]. In addition to IgA nephropathy, raised serum BAFF levels have also
been linked to other autoimmune diseases such as systemic lupus erythematosus (SLE) and
multiple sclerosis [20]. Increased urinary BAFF levels and its usefulness as a biomarker has
been reported in lupus nephritis [23,26]. Our data suggest that BAFF could be involved in
the pathophysiology of IgAVN, and this warrants further analysis in validation studies.

One of the other significantly elevated proteins in this study was Cripto-1, an em-
bryonic protein that is re-expressed during inflammation, wound healing and tumori-
genesis [27]. Several in vitro studies have shown that Cripto-1 modulates macrophage
cytokine secretion, resulting in elevated concentrations of pro-inflammatory cytokines
TNF-«, IL-6, IL-1B and anti-inflammatory cytokine IL-10 [27,28], all of which have also
been linked to the pathogenesis of IgAV and IgAVN [29]. In addition, overexpression of
Cripto-1 has been reported in other diseases, including Crohn’s disease, ulcerative colitis
and rheumatoid arthritis [27], suggesting a link to autoinflammatory processes. Increased
urinary concentrations of Cripto-1 in our IgAVN cohort supports a potential role of this
modulating protein in IgAVN.

The potential biological significance of our finding of increased urinary sex-hormone-
binding globulin (SHBG) levels in IgAVN is unclear. SHBG is a glycoprotein primarily
synthesised by the liver, and it is involved in transporting androgen and oestrogen. SHBG
serum levels are stable in childhood and decrease at puberty, especially in boys [30]. In vitro,
SHBG suppresses inflammation in macrophages [31], and it is downregulated by TNF-« [32]
and IL-1p [33]. In our cohort, two of the IgAVN patients were taking prednisolone, and the
pubertal status of our cohort was not documented. The impact of synthetic glucocorticoids
on urinary SHBH is unknown, although some studies have reported lowered SHBG serum
levels for patients undergoing treatment with corticosteroids [34].

The significantly increased concentration of urinary angiotensinogen in this study
is not too surprising, because extensive evidence supports the existence of an intrarenal
RAAS system that contributes to kidney disease progression [35], and the benefits of RAAS
inhibition, as a renoprotective treatment, is well recognised for glomerular diseases [36].
Furthermore, the RAAS system may have a direct role in complement pathway activation
through renin-mediated C3 cleavage as demonstrated in vitro and suggested through a
study evaluating the efficacy of direct renin inhibition (aliskiren) in dense deposit disease
where reduced systemic and renal complement activation was observed [37]. ACE gene
polymorphisms have also been associated with IgAV susceptibility [38]. The majority of
the circulating AGT is produced by the liver but local renal production by the proximal
tubules has been demonstrated in animal models [39]. In a study by Nishiyama and col-
leagues, urinary AGT (UAGT) levels were raised in patients with IgA nephropathy, and
this was shown to correlate with renal tissue gene expression of AGT and angiotensin II
immunoreactivity. Thus, UAGT was proposed to provide a specific index of intrarenal
RAAS activity in patients with IgA nephropathy [40]. We found that urinary UAGT con-
centrations increased by 6.5-fold in IgAVN compared to IgAVwoN, and this was observed
by two previous studies that found remarkably elevated UAGT levels in children with
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IgAVN [41,42]. However, urinary renin levels were not significantly different across the
groups in the current study. Interestingly, in our cohort, UAGT levels were also increased in
patients without nephritis, although this finding was not statistically significant (p = 0.055).
This could be due to the fact of a spurious finding, but other possible explanations include
the relationship of the RAAS system with systemic vascular inflammation [43] and/or
the presence of subclinical kidney inflammation not detectable using current methods of
disease activity monitoring.

We report elevated levels of urinary apolipoprotein Al (ApoAl), which is a novel
finding in IgAVN. ApoAl is the main protein component of high-density lipoproteins
(HDL) [44], and although HDL has a protective role in cardiovascular disease and it
has been widely studied, more recent evidence suggests HDL may contribute to kidney
disease [45] and autoimmunity [46]. A recent study reported elevated urinary ApoAl in
children with various kidney diseases (including 18 children with glomerulonephritis) [47],
whilst children with nephrotic syndrome in remission, nephrolithiasis, polycystic kidney
disease, transplant or hypertension did not show higher ApoA1 levels [47]. Identifying
whether ApoA1 is excreted in a modified form and its effect on downstream lipid pathways
could provide more information on the renal handling of lipoproteins and their role in
this disease.

Activation of both the alternative and mannose-binding lectin complement pathways
have been demonstrated in IgAV [11], with skin and mesangial deposits reported to contain
complement components C3 and C5b-9 [48,49]. In addition, C4d and C5b-9 positivity
in renal histology has been associated with poor renal outcomes in patients with IgAVN
and IgA nephropathy [50]. The findings of increased C5/C5a and complement factor D
concentrations in the urine of children with IgAVN compared to IgAVwoN (fold changes
of, respectively, 4.6 and 2.6) raises the potential role of the complement system in the
pathophysiology of this condition and supports this pathway as a possible treatment target.
C5 cleaves into C5a—a potent neutrophil chemoattractant—and C5b, which ultimately
leads to the formation of the membrane attack complex (MAC) [51]. C5a has also been
shown to increase production of IL-8, MCP-1 and ICAM-1 by endothelial cells in vitro [48],
and these markers were also increased in our cohort. Further confirmation regarding the
role of the complement pathway in IgAVN is warranted.

Our findings are consistent with those reported in a recent systematic literature review
that identified urinary biomarkers in children with IgAVN [12]. The current summary of
the literature supported the significance of UAGT, $2-microglobulin, KIM-1 and MCP-
1 [12]. In addition, individual studies have reported elevated urinary levels of MIF [52],
MMP-9 [53], IL-6, IL-8 and IL-10 [54] in paediatric IgAVN. Our study did not find elevated
levels of $2-microglobulin, MMP-9 and IL-6/8/10 in IgAVN; however, it is important to
note that this was a small preliminary study using a semi-quantitative technique. Dyga
and colleagues did not find any significant association between the concentrations of
urinary NGAL and L-FABP [55], which is in keeping with our findings. Our findings of
elevated urinary proteins, which could result from tubulointerstitial inflammation/injury
(KIM-1 [56], ApoAl [47,57], EGF-R [58], AGT [59]), further support that IgAVN includes
some degree of tubular inflammation in addition to the glomerulonephritis as previously
proposed by Williams et al. [12]. Finally, it remains unclear whether these markers are
specific to IgAVN or result from pathophysiological features shared between different
renal diseases, such as excessive inflammation, or a by-product of proteinuria. While this
study was limited in terms of sample size, it provides exploratory data to direct future
studies, and it demonstrates that urinary protein profiles do vary between IgAV and IgAVN
patients. Future work will look to utilise more robust quantitative methods, such as ELISAs
and LC-MS/MS, to validate the findings of the most highly expressed proteins using a
larger patient cohort.
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5. Conclusions

The current study utilised a small number of patients in a cross-sectional design to
explore a large number of urinary proteins in patients with established IgAVN. It was
able to uncover some interesting variations in the urinary protein profiles that may help
elucidate further mechanisms of pathophysiology and represent potential drug targets
for intervention. However, there are limitations to this study, predominantly related to
the sample size, and these findings require validation using larger cross-sectional cohorts.
Furthermore, longitudinal evaluation would allow for the evolution of nephritis to be better
characterised, which would significantly improve our mechanistic understanding of the
development of [gAVN.
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8.2. Appendix 2

New version of the case report form (CRF) developed this year to collect the demographic and clinical data of participants to
the IgAV study (IgAV cohort).

Patient study number: ‘ A ‘ H ‘ \' ‘ ‘ ‘ ‘ The IgA vasculitis Study case report form

Consent date: /I

Demographics
1 1 IR T

Date of birth ’ ‘ l ‘ ‘ - Postcode L
Gender [0 Male / O Female Age at first diagnosis years months
Ethnicity
White Mixed or Multiple ethnic groups Asian or Asian British Black, African, Caribbean or Other ethnic group
O English, Welsh, Scottish, O  White and Black [m] Indian Biack British O  Arab

Northern Irish or British Caribbean O  Pakistani O  African O  Any other ethnic
O  Irish O  White and Black African O  Bangladeshi O  Caribbean group
O  Gypsy or Irish Traveller O  White and Asian O  Chinese O  Any other Black, African or
O  Any other White background O  Any other Mixed or O  Any other Asian Caribbean background

Multiple ethnic background background
First presentation
Presentation to
Date of disease onset /I 0O Alder Hey [/
. . aGeep__/ [

Date of diagnosis /1 0 Other /)
Clinical features Possible triggers Relevant Family History
[ Purpuric/petechial rash | [0 Preceding sore throat

[/ O Preceding viral illness
0 Abdominal pain O Preceding bacterial illness

— O History of recurrent tonsillitis Relevant Past Medical History
J Renal involvement O Dental decay or caries
= [— ilen ioi [0 Any previous dental extraction

S/ore/or swollen joints [J Attends the dentist regularly
Dipstick on Date of Presentation / / Non-available [(J Blood-pressure
Protein: +/- T 123 Alb:Cr Ratio Other: /
Blood: +/-T 123 cr Height
Alb
Weight
Details
Prior to recruitment
Abnormal Blood Results on Presentation Date: [ / All within Range [ Non-available (]
CRF Common Follow Up — V 1.3 updated CRF on 21/03/2022 Page 1
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Patient study number: ‘ A ‘ H ‘ \' ‘

‘ ‘ ‘ The IgA vasculitis Study case report form

Outcome Page number
Histology & imaging
Please list date and results
[0 Renal biopsy [ Skin biopsy O Gl investigations Other
Treatment/ Hospitalization ves o no O
Date T
Admitted/ reatment .
Date Reason for admission Medications commenced Indication/Dose/ alsgh;rge[? itE/
Commenced Frequency = op Late
Treatment
At 6 months Date: _ [/ /
[ Discharged [J Remained under follow up: move onto extensive CRF

Reason:

O All pages of CRF complete

CRF Common Follow Up — V 1.3 updated CRF on 21/03/2022

Page 3
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8.3. Appendix 3

Full definitions used for recurrent / relapsing IgAV identified by the systematic literature review conducted in chapter 2.

Author. Year

Definition used

Asymptomatic

interval
Garcia-Porrua, C. et al. | Relapse if a patient diagnosed with HSP and asymptomatic for at least 1 month, presented a new flare of skin lesions or other | 4 weeks
2002 (306) systemic complication.
Gonzalez-Gay, M. A. et | Relapse was considered if a child diagnosed with HSP and asymptomatic for at least 1 month presented a new flare of skin | 4 weeks
al. 2004 (307) lesions or other systemic complications.
Trapani, S. et al. 2005 | A relapse was defined as a new flare-up of skin lesions or other systemic complications following resolution of disease for at | 2 weeks
(93) least 2 weeks.
Rigante, D. et al. 2005 | With the term “relapse,” we indicated disease resumption after a period of complete well-being for at least 1 month. 4 weeks
(97)
Shin, J. I. et al. 2006 (8) | Relapse was considered when a patient who was previously diagnosed as having HSP and who had been asymptomatic for at | 4 weeks

least 1 month presented with a new flare of cutaneous lesions or other systemic complications.

Cakir, M. et al. 2006 | Recurrence was defined as a patient diagnosed with HSP who had been asymptomatic for at least 1 month presenting with a | 4 weeks
(308) new episode of skin lesions or other systemic complications.
Alfredo, C. S. et al. | Recurrence was defined as the presence of a fresh episode after a period of at least 3 months without symptom:s. 3 months
2007 (96)
Prais, D. et al. 2007 | The reappearance of the characteristic purpuric rash (with or without associated symptoms), following a previous complete | NA
(90) remission.
Fretzayas, A. et al. | Recurrence was considered when skin rash or other clinical signs and symptoms and/or laboratory findings relapsed after at | 2 weeks
2008 (91) least a 2-week period of well-being without cutaneous lesions or other systemic complications.
Anil, M. et al. 2009 | A relapse was defined as a new flare-up of skin lesions or other systemic complications following resolution of the disease for | 2 weeks

(185)

at least two weeks.
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Jauhola, O. et al. 2010 | A recurrence was defined as an instance of a patient who had been asymptomatic for 1 month presenting with a new flare- | 4 weeks
(9) up of skin lesions or other symptoms related to HSP.
Jauhola, O. et al. 2010 | A recurrence of HSP disease was considered when a patient who had been asymptomatic for at least 1 month presented with | 4 weeks
(309) a new flare-up of skin lesions or other symptoms related to HSP. .
Shin, J. I. et al. 2011 | Relapses were considered to be present if a child, who has HSP diagnosis and has remained asymptomatic for at least 1 month, | 4 weeks
(310) develops new skin lesions or other systemic complications.
Lardhi, A. A. et al. 2012 | Recurrence was defined as a new flare-up of skin rash or other systemic complications following resolution of the disease for | 4 weeks
(311) at least one month.
Teng, M. C. et al. 2012 | A relapse was defined as the recurrence of clinical signs/symptoms or the occurrence of new symptoms after an | 3 months
(141) initial remission, requiring the resumption of immunosuppressive therapy or an increased dose, within 3 months of remission.
Yilmaz, A. et al. 2014 | Recurrence was defined as new skin rashes developed at least 4 weeks after disease recovery or reoccurrence of other signs. | 4 weeks
(312)
Lee, Y. etal. 2016 (313) | Recurrence of HSP was defined as the recurrence of symptoms more than 1 month after remission. 4 weeks
Ma, D. Q. et al. 2017 | HSP recurrence: HSP characteristic manifestations occurred again after at least 1 month since the symptoms of children | 4 weeks
(314) diagnosed with HSP faded away;
Lei, W. T. et al. 2018 | Those who received a second HSP diagnosis 3 months apart from the first HSP diagnosis were defined as having recurrent HSP | 3 months
(14) (study subjects), which means a 3-months diagnosis-free interval between the first and second HSP diagnoses was required
in order to define a recurrent HSP.
Xu, Y. et al. 2019 (315) | Relapse/recurrence was defined when a patient previously diagnosed with HSP and asymptomatic for at least 2 weeks, | 4 weeks
presented again a new flare of cutaneous lesions or other systemic manifestations of the vasculitis.
Rhim, J. W. et al. 2019 | Recurrent cases of HSP, occurring > 6 months after the first episode, were included. 6 months
(316)
Ekinci, R. M. K. et al. | A relapse was defined as a new flare of cutaneous lesions or other manifestations in a patient at least four asymptomatic | 4 weeks

2019 (317)

weeks after the initial HSP episode.
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Karadag S, G. et al. | Relapse was described as presence of a new disease-related symptom after an asymptomatic period of at least 3 months. 3 months
2019 (318)

Schinzel V. et al. 2019 | We defined recurrence when a new episode of purpura occurs after three months without any clinical signs or symptoms of | 3 months
(143) the disease.

Wang, J. J. et al. 2020 | Relapse/recurrence was defined when a patient previously diagnosed with HSP and asymptomatic for at least 2 weeks, | 2 weeks
(319) presented again a new flare of cutaneous lesions or other systemic manifestations of the vasculitis.

Liao, C. H. M. et al. | Recurrence was defined as disease flare-up after complete remission and discontinuation of all medications for at least 3 | 3 months
2020 (12) months.

Ekinci, R. M. K. et al. | The presence of relapse was concluded when another episode of cutaneous lesions or other system involvements reappeared | 4 weeks
2020 (92) in a patient, at least one event-free month after the first manifestations.

Gokce, S et al. 2020 | The recurrence was defined when a patient previously diagnosed with HSP and was asymptomatic for at least 1 month without | 4 weeks
(139) medication, presented again with a new flare of cutaneous lesions or other systemic manifestations of the vasculitis.

Fan, G. Z. et al. 2020 | Relapse/recurrence was defined when a patient previously diagnosed with HSP and asymptomatic for at least 2 weeks after | 2 weeks
(140) treatment, presented again a new flare of cutaneous lesions or other systemic manifestations of the vasculitis.

Zhang, Y. et al. 2021 | Recurrence of HSP, which was defined as patients with a pre-existing diagnosis of HSP but having no symptoms for at least 4 | 4 weeks
(320) weeks who presented symptoms again.

Sestan, M. et al. 2021 | Relapse was defined as a new flare of clinical signs attributable to IgAV in a patient previously diagnosed with IgAV after an | 4 weeks
(321) asymptomatic period of at least 1 month.

Rubino, C. et al. 2021 | A new flare of cutaneous lesions and/or other IgAV features, in a patient previously diagnosed with IgAV and asymptomatic | 4 weeks
(69) for at least 1 month, was defined as relapse.

Sestan, M. et al. 2022 | Relapse was defined as a new flare of clinical signs attributable to IgAV in a patient previously diagnosed with IgAV after an | 4 weeks
(130) asymptomatic period of at least 1 month.

Farisogullari, B. et al. | Relapse: requiring the resumption of corticosteroids or other immunosuppressive therapies, or as a significant increase in | NA

2022 (142)

glucocorticoid dose (at least 50%).
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8.4. Appendix 4

Proteins assessed in chapter 4 by R&Ds Systems Human Kidney Biomarker Array Kit (‘Kit K’) and Human XL Cytokine Array Kit
(’Kit C’).

Assessed by

Name used Full name Alternative names
Kit K Kit C
Adiponectin - Arcp30 X X
Aminopeptidase N - ANPEP X
Angiogenin - - X
Angiopoietin-1 - Angl, ANGPT1 X
Angiopoietin-2 - Ang-2, ANGPT2 X
AGT Angiotensinogen Serpin A8 X
Annexin V - - X
ApoAl Alipoprotein A - X
BAFF B-cell activating factor BLyS, TNFSF13B X
BDNF Brain-derived neurotrophic factor  Abrineurin X
B2-Microglobulin - B2M X
C5/C5a Complement component C5/C5a - X
CD14 Cluster of differentiation 14 - X
CD30 Cluster of differentiation 30 TNFRSF8 X
CD31 Cluster of differentiation 31 PECAM-1 X
CD40 Ligand Cluster of differentiation 40 ligand CD154 X
TNFSF5
Chitinase-3-like-1 - YKL-40 X
Clusterin - Apolipoprotein J X
CFD Complement factor D Adipsin X
Cripto-1 - TDGF-1 X
CRP C-reactive protein - X
CXCL16 Chemokine (C-X-C motif) ligand 16 - X
Cyr61 Cysteine-rich angiogenic inducer CCN1 X
61
Cystatin C - CST3, ARMD11 X X
Dkk-1 Dickkopf-related protein 1 SK, dickkopf WNT X
signalling pathway
inhibitor 1
DPPIV Dipeptidyl peptidase-4 CD26, DPP4, Dipeptidyl- x X
peptidase IV
EGF Epidermal growth factor - X X
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EGF-R Epidermal growth factor receptor  ErbB1, HER1
EMMPRIN Extracellular matrix  Basigin, CD147
metalloproteinase inducer

ENA-78 Epithelial-derived neutrophil- CXCL5
activating peptide 78

Endoglin CD105, ENG

L-FABP liver-type  fatty acid-binding FABP1
protein

Fas Ligand CD95L, CD178, TNFSF6

Fetuin A AHSG

FGF-7 Fibroblast growth factor 7 KGF

FGF-19 Fibroblast growth factor 19 -

FGF-basic Fibroblast growth-factor FGF-2

FIt-3 Ligand Fms-related tyrosine kinase 3 FLT3LG
ligand

G-CSF Granulocyte  colony-stimulating CSF3
factor

GDF-15 Growth/differentiation factor 15 MIC-1

GH Growth hormone Somatotropin

GM-CSF Granulocyte macrophage colony- CSF2
stimulating factor

CXCL1 Chemokine (C-X-C motif) ligand 1 GROa, MSGA-a
(CXcL1)

HGF Hepatocyte growth factor Scatter factor, SF

ICAM-1 Intercellular Adhesion Molecule1  CD54

IFN-y Interferon gamma IFNG

IGFBP-2 Insulin-like growth factor-binding -
protein 2

IGFBP-3 Insulin-like growth factor-binding -
protein 3

IL-10 Interleukin-10 -

IL-11 Interleukin-11 -

IL-12p70 Interleukin-12p70 -

IL-13 Interleukin-13 -

IL-15 Interleukin-15 -

IL-16 Interleukin-16 -

IL-17A Interleukin-17A -
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IL-18 BP Interleukin-18 binding protein IL-17, CTLA8

IL-19 Interleukin-19 -

IL-1a Interleukin-1 alpha IL-F1

IL-1B Interleukin-1 beta IL-F2

IL-1RA Interleukin-1 receptor antagonist  IL-F3

IL-2 Interleukin-2 -

IL-22 Interleukin-22 IL-TIF

IL-23 Interleukin-23 IL-23A, SGRF

IL-24 Interleukin-24 C49A, FISP, MDA-7, MOB-

5,ST16

IL-27 Interleukin-27 -

IL-3 Interleukin-3 -

IL-31 Interleukin-31 -

IL-32 Interleukin-32 -

IL-33 Interleukin-33 C9orf26, DVS27, NF-HEV

IL-34 Interleukin-34 Cl6orf77

IL-4 Interleukin-4 -

IL-5 Interleukin-5 -

IL-6 Interleukin-6 -

IL-8 Interleukin-8 CXCL8

IP-10 Interferon gamma-induced CXCL10
protein 10

I-TAC Interferon-inducible T-cell alpha CXCL11, SYCB9B
chemoattractant

Leptin - OB

LIF Leukemia inhibitory factor -

NGAL Neutrophil gelatinase-associated Lipocalin-2, LCN2,
lipocalin Siderocalin

MCP-1 Monocyte chemoattractant CCL2, MCAF
protein-1

MCP-3 Monocyte chemoattractant CCL7, MARC
protein 3

M-CSF Macrophage colony-stimulating CSF1
factor

MIF Macrophage migration inhibitory -

factor
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MIG Monokine induced by gamma CXCL9
interferon
MIP-1a/MIP-1B Macrophage inflammatory CCL3/CCL4
proteins 1 alpha /1 beta
MIP-3a Macrophage inflammatory CCL20, Exodus-1, LARC
protein 3 alpha
MIP-3p Macrophage inflammatory CCL19, ELC
protein 3 beta
MMP-9 Matrix metallopeptidase 9 CLG4B, Gelatinase B X

Myeloperoxidase

MPO, Lactoperoxidase

Neprilysin - CD10 X
Osteopontin - OPN
PDGF-AA Platelet-derived growth factor AA -
PDGF-AA/BB Platelet-derived growth factor -
AA/BB
Pentraxin 3 - PTX3, TSG-14
PF4 Platelet factor 4 CXcL4
PSA Prostate-specific antigen KLK-3 X
RAGE Receptor for advanced glycation AGER X
endproducts
RANTES Regulated on activation, normal T CCL5
cell expressed and secreted
RBP-4 Retinol Binding Protein 4 - X
Relaxin-2 - RLN2, RLXH2
Renin - Angiotensinogenase X
Resistin - ADSF, FIZZ3, RETN X
SCF Stem cell factor - X
SDF-1a Stromal cell-derived factor 1 alpha CXCL12, PBSF
Serpin A3 - al-antichymotrypsin X
Serpin E1 - PAI-I, PAI-1, Nexin
SHBG Sex hormone binding globulin ABP
ST2 Suppression of tumorigenicity 2 IL-1 R4, IL1RL1, ST2L
TARC Thymus- and activation- CCL17
regulation chemokine
TfR Transferrin CD71, TFR1, TFRC, TRFR
TGF-a Transforming growth factor alpha TGFA
Thrombospondin-1 - THBS1, TSP-1 X
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KIM-1 Kidney injury molecule 1 TIM-1, HAVCR

TIM-3 T-cell immunoglobulin and mucin- HAVCR2
domain containing-3

TNFR1 Tumour necrosis factor receptor 1  TNFRSF1A

TNF-a Tumour necrosis factor alpha TNFSF1A

TFF3 Trefoil Factor 3 ITF, TFI

TWEAK Tumor necrosis factor-like weak TNFSF12
inducer of apoptosis

uPA Urokinase-type plasminogen Urokinase
activator

uPAR Urokinase plasminogen activator PLAUR
receptor

VCAM-1 Vascular cell adhesion molecule1  CD106

VEGF Vascular  endothelial growth VPF
factor

VEGF-A Vascular  endothelial growth VPF-A
factor-A

Vitamin D BP Vitamin D Binding Protein VDB, DBP, VDBP
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8.5. Appendix 5

Full results from chapter 4: Human Kidney Biomarker Array Kit.

IgAVN vs IgAVwoN IgAVN vs HC IgAVwoN vs HC

Protein

Fold-change p-value Fold-change p-value Fold-change p-value
Adiponectin 2.9919 0.57799 4.3938 0.27887 1.4686 0.32622
Angiotensinogen 6.4865 0.0096 22.603 0.007151 3.4846 0.054706
Annexin V 3.1693 0.45212 4.5046 0.37053 1.4213 0.90716
ANPEP 1.6726 0.93273 2.8759 0.47447 1.7194 0.2887
B2 microglobulin 1.1466 0.93184 3.1066 0.24131 2.7093 0.18944
Clusterin 1.7263 0.73026 3.8383 0.85582 2.2235 0.10659
CXCL16 3.728 0.01332 4.4656 0.013257 1.1979 0.58787
Cyr6l 1.9483 0.5891 3.9752 0.41352 2.0403 0.83646
Cystacin-C 1.1894 0.97656 2.8185 0.29247 2.3698 0.17507
DPPIV 1.7591 0.61695 3.0626 0.19653 1.741 0.15967
EGF 1.0829 0.93131 3.0313 0.22998 2.7992 0.20843
EGF-R 5.8432 0.00232 7.8429 0.000424 1.3422 0.56969
FABP1 2.1775 0.44138 5.8558 0.13951 2.6892 0.42364
Fetuin-A 1.0103 0.62367 2.738 0.85618 2.71 0.1657
CXcL1 1.7859 0.53345 49731 0.20574 2.7846 0.53907
IL-10 1.5736 0.65926 4.8126 0.34642 3.0583 0.64184
IL-1RA 5.6892 0.12162 4.8312 0.095243 0.84918 0.51867
IL-6 2.5843 0.19587 5.5279 0.036444 2.139 0.49628
KIM-1 4.0891 0.00382 4.1496 0.00115 1.0148 0.93212
NGAL 1.1769 0.34533 1.8393 0.16901 1.5629 0.71228
MCP-1 3.3959 0.04690 11.956 0.001066 3.5206 0.001091
MMP-9 0.5616 0.93974 2.6748 0.42349 4.7628 0.45181
Neprilysin 1.7023 0.48842 2.3959 0.19983 1.4075 0.322
PSA 1.2936 0.7259 3.9295 0.45469 3.0377 0.71787
RAGE 0.82103 0.85485 1.689 0.50084 2.0571 0.40355
RBP4 1.0095 0.82887 2.2656 0.32605 2.2444 0.12205
Renin 1.2747 0.71454 3.7978 0.40608 2.9795 0.68952
Resistin 0.95591 0.9099 1.1464 0.40525 1.1993 0.44064
SCF 1.8794 0.3667 5.3492 0.19574 2.8463 0.98275
Serpin_A3 1.8348 0.9453 7.0708 0.40647 3.8537 0.2036
TFF3 1.1309 0.93257 2.8717 0.25503 2.5394 0.21273
Thrombospondin-1 1.383 0.71873 3.6518 0.39685 2.6405 0.67322
TNF-R1 0.9231 0.74193 1.7886 0.36378 1.9376 0.17036
TNF-a 1.6373 0.44583 2.6742 0.36577 1.6333 0.96245
TWEAK 2.4252 0.5586 4.1908 0.49631 1.728 0.96588
uPA 1.2215 0.88152 3.0317 0.20082 2.482 0.15934
VCAM-1 2.5729 0.22071 4.0982 0.15574 1.5928 0.3686
VEGF 1.2105 0.40523 1.5217 0.14103 1.257 0.34796
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8.6. Appendix 6

Full results from chapter 4: Human XL Cytokine Array Kit.

IgAVN vs IgAVwoN IgAVN vs HCs IgAVwoN vs HCs

Protein

Fold-change p-value Fold-change p-value Fold-change p-value
Adiponectin 1.8287 0.57097 3.2492 0.17803 1.7768 0.21624
Angiogenin 1.6477 0.33875 2.212 0.11892 1.3425 0.13731
Angiopoietin-1 1.4268 0.32607 3.4687 0.033806 2.4312 0.35446
Angiopoietin-2 1.1577 0.7162 3.2967 0.05545 2.8476 0.12544
Apolipoprotein A1 6.0461 0.020463 5.9723 0.034772 0.98779 0.58263
BAFF 9.7227 0.026053 26.468 0.003899 2.7223 0.078796
BDNF 1.0461 0.75692 2.6174 0.019991 2.502 0.063713
C5/C5a 4.5968 0.032956 6.5258 0.011829 1.4196 0.63215
CD14 2.0131 0.3988 2.9582 0.1626 1.4695 0.28197
CD30 0.52959 0.12288 0.75429 0.49646 1.4243 0.23274
CD31 0.86691 0.62807 1.7843 0.10109 2.0583 0.062136
CD40_Ligand 3.0402 0.044625 7.1976 0.007591 2.3675 0.070268
Chitinase 3-like 1 0.86917 0.75871 2.4447 0.10388 2.8127 0.37182
CFD 2.6001 0.008623 3.4104 0.004554 1.3116 0.40523
Cripto-1 7.8132 0.014841 7.1403 0.026301 0.91387 0.86666
CRP 2.4108 0.2663 3.0548 0.18704 1.2671 0.89643
Cystatin-C 1.2067 0.29366 1.1915 0.40639 0.98741 0.82491
Dkk-1 1.1093 0.56197 2.5345 0.011049 2.2847 0.1296
DPPIV 3.1747 0.1454 4.0274 0.075809 1.2686 0.4476
EGF 1.0446 0.9617 2.728 0.26843 2.6115 0.23998
EMMPRIN 1.0361 0.99501 2.001 0.25474 1.9313 0.21085
ENA-78 3.7452 0.058576 7.4035 0.015579 1.9768 0.11815
Endoglin 1.7528 0.020648 2.7075 0.014267 1.5447 0.19651
Fas Ligand 2.0645 0.086281 3.757 0.007516 1.8198 0.29808
FGF-19 1.5387 0.42579 3.2109 0.070494 2.0868 0.21824
FGF-7 1.4476 0.44304 2.9148 0.067729 2.0136 0.27496
FGF-basic 1.5811 0.29393 2.9534 0.068045 1.8679 0.50599
Flt-3 ligand 1.6921 0.13051 2.7008 0.018979 1.5961 0.22565
G-CSF 1.5053 0.21954 3.577 0.003326 2.3763 0.18161
GDF-15 1.5685 0.71341 2.3347 0.28713 1.4885 0.20007
GH 2.5913 0.067259 6.2705 0.003865 2.4198 0.017402
GM-CSF 1.4378 0.23444 3.2279 0.016377 2.245 0.3229
CXCL1 2.0059 0.022027 4.2743 0.000116 2.1309 0.016553
HGF 1.8013 0.02783 4.2975 0.00116 2.3858 0.019725
ICAM-1 4.0385 0.011899 10.249 6.39E-05 2.5377 0.14455
IFN-y 1.2014 0.60944 3.2454 0.030262 2.7014 0.13751
IGFBP-2 1.7674 0.20262 4.8827 0.010683 2.7627 0.30689
IGFBP-3 3.4145 0.022753 10.73 2.13E-05 3.1426 0.11542
IL-10 1.6549 0.28815 3.3107 0.032085 2.0006 0.20312
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IL-11 1.5168 0.44203 2.8766 0.098683 1.8965 0.30443
IL-12p70 1.0739 0.81759 3.0354 0.067595 2.8266 0.1222

IL-13 1.2101 0.60282 3.4298 0.016215 2.8343 0.049089
IL-15 1.4094 0.28861 3.153 0.01116 2.2371 0.18352
IL-16 1.2732 0.37424 2.7409 0.016 2.1528 0.27178
IL-17a 1.2603 0.87964 2.0202 0.31992 1.603 0.27878
IL-18 BP 1.0733 0.97381 2.6403 0.27038 2.4599 0.21658
IL-19 1.5401 0.31964 3.8165 0.008649 2.4781 0.029131
IL-1a 0.86362 0.87519 2.5854 0.10271 2.9936 0.084115
IL-1B 1.0638 0.72184 2.5271 0.0826 2.3755 0.21056
IL-1RA 1.2221 0.97565 2.3637 0.23858 1.9341 0.10512
IL-2 1.215 0.56018 2.6339 0.11002 2.1679 0.35638
IL-22 1.834 0.24804 4.4014 0.019852 2.3998 0.052279
IL-23 1.3567 0.4313 3.2976 0.02441 2.4307 0.16244
IL-24 1.2106 0.50425 3.1891 0.018619 2.6344 0.14649
IL-27 1.133 0.57041 3.2683 0.022913 2.8847 0.15347
IL-3 1.1007 0.57302 3.8068 0.074403 3.4585 0.32704
IL-31 1.3794 0.37148 3.2694 0.015051 2.3702 0.14672
IL-32 1.0852 0.55789 3.5242 0.004058 3.2475 0.079091
IL-33 1.3956 0.36308 3.7335 0.006638 2.6752 0.11432
IL-34 1.1551 0.55351 2.5888 0.025418 2.2413 0.20391
IL-4 1.989 0.077582 4.6257 0.003759 2.3257 0.035862
IL-5 2.029 0.046712 4.611 0.00292 2.2726 0.015636
IL-6 1.7949 0.29276 3.2726 0.051585 1.8233 0.19671
IL-8 1.9038 0.11659 2.8859 0.038825 1.5159 0.80768
IP-10 1.7876 0.12758 2.8273 0.022831 1.5816 0.12661
I-TAC 1.2475 0.37007 2.8928 0.008766 2.319 0.2042

PSA 1.0379 0.88677 2.5245 0.068415 2.4323 0.090241
Leptin 1.6779 0.2682 4.3158 0.00938 2.5722 0.022296
LIF 2.4099 0.00752 5.5375 0.001362 2.2978 0.06466
NGAL 1.0664 0.4986 2.063 0.10666 1.9345 0.77922
MCP-1 1.8851 0.06115 4.1117 0.00577 2.1812 0.13351
MCP-3 1.3311 0.37702 3.2094 0.016332 24111 0.17594
M-CSF 1.1701 0.28417 1.7828 0.08188 1.5236 0.1689

MIF 2.1612 0.015038 3.1333 0.006118 1.4498 0.29744
MIG 1.701 0.10966 3.8285 0.000975 2.2508 0.2024

MIP-1a/MIP-1B 1.4109 0.27706 2.5586 0.013899 1.8134 0.31822
MIP-3a 1.3186 0.34885 2.5306 0.017659 1.9192 0.2996

MIP-3 0.92472 0.48424 3.488 0.012799 3.7719 0.32589
MMP-9 0.7438 0.72013 1.6703 0.087044 2.2456 0.49677
Myeloperoxidase 0.42741 0.3448 3.7338 0.059293 8.7358 0.88862
Osteopontin 1.2659 0.84319 2.1902 0.53528 1.7301 0.19047
PDGF-AA 0.95234 0.73517 2.2445 0.027002 2.3568 0.11891
PDGF-AA/BB 1.4861 0.23584 4.2025 0.007355 2.8278 0.13029
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Pentraxin-3 1.1424 0.73195 3.0177 0.035324 2.6416 0.072243
PF4 2.8905 0.26081 7.528 0.035516 2.6044 0.16161
RAGE 0.61426 0.39621 1.2002 0.66954 1.954 0.27215
RANTES 1.9093 0.12788 4.4314 0.010905 2.321 0.1824

RBP-4 1.3193 0.70566 2.249 0.17302 1.7047 0.18646
Relaxin-2 1.2276 0.51042 2.909 0.048065 2.3697 0.26231
Resistin 1.5577 0.31074 1.4971 0.3415 0.96111 0.83688
SDF-1a 1.2941 0.2665 1.9324 0.070332 1.4933 0.23185
Serpin E1 2.491 0.033753 8.1136 9.91E-05 3.2572 0.069064
SHBG 7.5808 0.007742 13.339 0.00358 1.7595 0.24373
ST2 3.3299 0.014425 8.1713 0.000415 2.4539 0.082604
TARC 1.4684 0.33971 4.1432 0.010824 2.8215 0.073098
TFF3 1.0261 0.99463 2.7465 0.26291 2.6768 0.20413
TfR 1.9306 0.086845 5.6231 0.000308 2.9126 0.05055
TGF-a 0.8594 0.92868 2.2638 0.027643 2.6341 0.15107
Thrombospondin-1 0.91736 0.78108 2.6222 0.029302 2.8584 0.153

TIM-3 1.117 0.99997 2.6252 0.27146 2.3503 0.18122
TNF-a 1.1218 0.46899 2.3231 0.023407 2.0709 0.3851

uPAR 0.76021 0.44874 1.3151 0.33489 1.7299 0.15929
VCAM-1 2.3545 0.2753 4.2414 0.096912 1.8014 0.1735

VEGF 1.0948 0.79309 1.5399 0.22317 1.4066 0.28407
Vitamin D BP 2.5958 0.33743 4.3044 0.10077 1.6582 0.10032
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