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A mon frére, Roro, merci d’étre 1a pour moi. Je sais que je pourrai toujours compter sur toi

pour tout et notamment pour ce qui s’agit de I’immobilier. Je compte sur toi pour le jour de la

livraison. Je sais également que je peux compter sur toi pour toutes les bonnes adresses de
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restaurants. En nous regardant, qui pourrait croire qu’on est jumeaux ? Et pourtant on se

compléte tellement bien.

Un gros bisou a Andréa, merci de ta bonne humeur et de la joie que tu apportes a mon frére.

Enfin, un gros calin a Chipie, ma petite boule de poil. Je peux compter sur toi pour me
réveiller plusieurs fois par nuit; cela me donne de I’entrainement pour les gardes aux
urgences.
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RESUME

Contexte : La vascularite a IgA est une maladie systémique rare qui met en jeu le pronostic
vital principalement en raison de l'atteinte digestive ou rénale. Le diagnostic est difficile a
¢tablir chez environ un quart des patients, du fait d’absence de dépdt d’IgA au sein du derme
des patients.

Obijectif : L'objectif de cette étude était d'explorer le métabolome sérique de patients atteints
de vascularite a IgA afin d'identifier d’éventuels biomarqueurs diagnostiques.

Méthodes : Nous avons réalisé une étude comparant le métabolome sérique de patients
adultes atteints de vascularite a IgA, et de témoins atteints de spondylarthrite ; appariés en age
et en sexe. L'analyse des échantillons sériques a été réalisée par chromatographie liquide
haute performance couplée a de la spectrométrie de masse. Les données ont été analysées par
analyse univariée et multivariée supervisée et non supervisée. En cas de modéle diagnostique
performant, une validation sur population indépendante a été effectuée afin d’évaluer son
intérét en routine.

Résultats : Nous avons comparé le métabolome de 55 patients atteints de vascularite a IgA a
celui de 77 témoins souffrant de spondylarthrite. L’4ge médian des patients atteints de
vascularite a IgA était de 53 ans [30 ; 61]. Deux tiers des patients étaient des femmes (n= 32).
Au diagnostic de la vascularite, la totalité des patients présentait une atteinte cutanée. Une
atteinte rénale était observée chez 69% des patients (n= 38), une atteinte articulaire chez 56%
(n=31) et une atteinte digestive chez 42% (n= 23).

L’analyse multivariée du métabolome a permis de discriminer significativement les patients
atteints de vascularite a IgA de ceux atteints de spondylarthrite avec une précision supérieure
a 90 % (test de permutation p<0,01). Ce modele a révélé d’excellentes valeurs prédictives sur
des cohortes indépendantes : sensibilité a 98 %, spécificité a 98 %, valeur prédictive positive a
97 % et valeur prédictive négative a 98 %. Ces modeles ont mis en évidence 4 métabolites
discriminants : le 1-méthyladénosine, I’acide L-glutamique, la sérotonine et la thymidine.

Conclusion : Cette étude a permis de mettre en évidence un excellent modéle prédictif
diagnostique de la vascularite a IgA basé sur le métabolome sérique. Ces résultats devront
étre confirmés au sein cohorte indépendante de patients atteints de vascularite a IgA.

Mots clés : vascularite a IgA ; métabolomique ; biomarqueur ; spondylarthrite
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ABSTRACT

Background: IgA vasculitis is a rare systemic disease that is life-threatening mainly due to
digestive or renal involvement. The diagnosis is difficult to establish in about a quarter of the
patients, due to the absence of IgA deposition in the dermis.

Objective: The objective of this study was to explore the serum metabolome of patients with
IgA vasculitis to identify potential diagnostic biomarkers.

Methods: We performed a study comparing the serum metabolome of adult patients with IgA
vasculitis, and controls with spondyloarthritis; matched for age and gender. Serum samples
were analyzed by high-performance liquid chromatography-mass spectrometry. Data were
analyzed by supervised and unsupervised univariate and multivariate analysis. In the case of a
successful diagnostic model, a validation on an independent population was performed in
order to evaluate its interest on routine.

Results: We compared the metabolome of 55 patients with IgA vasculitis to 77 controls with
spondyloarthritis. The median age of IgA vasculitis patients was 53 years [30; 61]. Two-thirds
of the patients were female (n=32). At diagnosis of vasculitis, all patients had skin
involvement. Renal involvement was observed in 69% of patients (n= 38), joint involvement
in 56% (n= 31) and digestive involvement in 42% (n= 23).

Multivariate analysis of the metabolome significantly discriminated patients with IgA
vasculitis from those with spondyloarthritis with an accuracy of >90% (permutation test
p<0.01). This model showed excellent predictive values in independent cohorts: sensitivity
98%, specificity 98%, positive predictive value 97%, and negative predictive value 98%.
These models identified 4 discriminative metabolites: 1-methyladenosine, L-glutamic acid,
serotonin, and thymidine.

Conclusion: This study demonstrated an excellent diagnostic predictive model for IgA
vasculitis based on the serum metabolome. These results need to be confirmed in an
independent cohort of IgA vasculitis patients.

Keywords: IgA vasculitis; metabolomic; biomarker; spondyloarthritis
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INTRODUCTION

Immunoglobulin A vasculitis (IgAV) is a vasculitis induced by deposits of immune
complexes mostly containing IgA-1 leading to purpura, arthralgia, abdominal pain and/or
glomerulonephritis. This vasculitis occurring is more frequent during childhood and has a
good prognosis (1). In the adults, the disease is more scarce but remains for the physicians a
real challenge due to a worse prognosis with occurrence in some patients chronic
glomerulonephritis (2-5) and acute digestive involvement with a risk of perforation (6,7).
IgAV is a known to occurs after infection and is known as a “seasonal” disease demonstrated
by occurrence of epidemiological peak: autumn and winter in pediatric populations and spring
and summer in the adults ones (5). In most of patients, a viral, bacterial or drug triggers
leading to the occurrence of the disease is recorded (8-11). The diagnosis is evoked on both
clinical symptoms and laboratory parameters. In the adults the diagnosis is performed by
analysis of a histological sample, e.g, skin or kidney sample, highlighting IgA deposits.
However, in approximately 20% of the cases, IgA deposits are absent of the cutaneous biopsy
(12). In case of renal involvement, a renal biopsy is performed to establish the diagnosis (13).
Therefore, the identification of both non-invasive and robust diagnostic biomarkers is
mandatory. Metabolomics is based on a free hypothesis approach, searching for a wide of
metabolites, defined as small molecules, to providing a metabolic signature. This approach is
nowadays used to identify specific metabolic profiles for both diagnosis and prognostic
biomarkers.

So far, in the field of IgAV, metabolomic studies have been overlooked, most of the studies
focusing on the pivotal role of the immune system. However, inflammation is known to
disturb metabolic pathways and reciprocally metabolic imbalance can modify immune system

homeostasis.

Hereby, we aim to explore, the plasma metabolome of adults IgAV patients to identify

potential diagnostic biomarkers.
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MATERIALS & METHODS

Patients and controls

The samples analyzed were serum from adult IgAV enrolled in the "HSPrognosis"
cohort (14). The local ethical committee of Assistance Publique—Hoépitaux de Paris (AP-PH,
approval number 10.649bis) approved this study, and written informed consent was obtained
from the parents of all the included children before any study-related procedure was
performed. Inclusion criteria for both studies were: (1) age >18 years old, (2) IgA vasculitis,
and (3) diagnosis of IgAV between January 1990 and January 2015. Patients were considered
to have IgAV if they presented (1) purpura, (2) histologically-proven small vessel vasculitis,
(3) histologically confirmed IgA deposits and (4) involvement of at least one organ among the
kidney, joint, or intestinal tract. Patients were excluded if there was no skin rash; if they had
been treated with immunosuppressive drugs or glucocorticosteroids (GS) within 2 weeks
before the onset of a skin rash; if they had thrombocytopenia; and if they did not consent
and/or were under the age of 18 years old. Age and sex matched axial spondyloarthritis were
included as controls. The sera were taken from the COMARIS1 cohort including patients with
axial spondyloarthritis according to the ASAS 2009 criteria (15). The study was performed in
accordance with the ethical standards of the Declaration of Helsinki and was approved by the
Institutional Review Board. Patients consent was obtained. Controls were excluded if they
have been treated with GS, DMARDs and/or biologics.

Study design

We first aimed to identify a diagnostic model for IgA vasculitis. This we studied and
compared the serum metabolome of patients with IgA vasculitis and controls including
spondyloarthritis (SpA) patients, using metabolomic approach.

A secondary objective of this study was to highlight at the metabolomics profile of IgA
vasculitis according to the various clinical phenotypes (endophenotypes). For this purpose, we
separated the patients into clinical categories according to the organ involvements: skin, joint,

digestive or renal damages (all patients had a skin involvement).
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Metabolic analysis

The analysis of the sera was performed by High Performance Liquid Chromatography
coupled to mass spectrometry as described in the literature (16) after extraction with 100 pl of
methanol from 20 pl of serum, a UPLC Ultimate WPS-3000 system coupled to a Q-Exactive
mass spectrometer and operated in positive and negative electrospray ionization modes
(analysis for each ionization mode) was used for this analysis. Liquid chromatography was
performed using a Phenomenex Kinetex 1.7 pm XB—C18 column (100 mmx2.10 mm)
maintained at 40 °C. Two mobile phase gradients (preceded by an equilibrium time of 3 min;
A: H20 + 0.1% formic acid; B: methanol + 0.1% formic acid were used. The gradient was
maintained at a flow rate of 0.4 mL/min. The multistep gradient was programmed as follows:
0-2 min, 0.1% B; 2-6 min, 0.1-25% B; 6-10 min, 25 — 80% B; 10 — 12 min, 80-90% B; 12—
16.5 min, 90-99.9% B; 16.5-20 min, 99.9-0.1% B. Two different columns were used to
increase the metabolic coverage. Accordingly, a hydrophilic interaction liquid
chromatography (HILIC) column (CORTECS UPLC HILIC 150 mm X 2.1 mm X 1.6 um
(WATERS)) was also used. Two mobile phase gradients were also used (A: H20 + 10 mM
formiate NH4 + 0.5% formic acid; B: acetonitrile + 10 mM formiate NH4 + 0.5% formic
acid) and the gradient was maintained at a flow rate of 0.3 mL/ min. The multistep gradient
was programmed as follows: 0—1.5 min, 95% B; 1.5-8 min, 95-82% B; 8-15 min, 82-75% B;
15-15.5 min, 75-25% B; 15.5-16 min, 25-3% B; 16-22 min, 3-95% B. The volume of
injection was 5 pL. During the full-scan acquisition, which ranged from 58 to 870 m/z, the
instrument operated at 70,000 resolution (m/z = 200). As required for all biological analyses,
pre-analytical and analytical steps of the experiment were validated by findings of Quality
Control (QC) samples. Quality control solution was prepared from a mix of 20 random
samples from our cohort. Thus, this pool was representative of our cohort and they were
extracted exactly with the same process as patients’ samples. Consequently, they represented
both, technical variation and extraction variation. Coefficients of variation [CV% = (the
standard deviation/ mean) x 100], were calculated from all metabolites data. Metabolites with
a CV in QCs > 30% were excluded from the final dataset. QCs were analyzed at the
beginning of the run, every 10 samples and at the end of the run. A targeted analysis was
applied on the samples, based on a library of standard compounds (Mass Spectroscopy
Metabolite Library (MSML) of standards, IROA Technologies). The following criteria were
followed to identify the metabolites: (1) retention time of the detected metabolite within £ 20

s of the standard reference, (2) exact measured molecular mass of the metabolite within a
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range of 10 ppm around the known molecular mass of the reference compound, and (3)
correspondence between isotopic ratios of the metabolite and the standard reference. The
signal value was calculated using Xcalibur software (Thermo Fisher Scientific, San Jose, CA)
by integrating the chromatographic peak area corresponding to the selected metabolite. At this
step, the dataset contained the identity of the metabolites and the corresponding area for all
the samples after analysis and validation by the specialist of mass spectrometry. Data were

normalized to the sum, log-transformed and autoscaled before statistical analysis.

Statistical analyses

Univariate analysis

The matching between the 2 groups was performed with the online statistical software:
Medistica.pvalue.io (Available on: https://www.pvalue.io/fr).

The analysis of qualitative variables was performed by a Chi-squared test and the comparison
of quantitative was performed by the Welsh two sample t-test.

The univariate analysis was represented by the volcano plot that is based on the Fold Change
(FC) value and the significance level based on the Wilcoxon non-parametric test via the free
software Metaboanalyst version 5.0
(https://www.metaboanalyst.ca/MetaboAnalyst/ModuleView.xhtml). To highlight the most
discriminating parameters, we used the False Discovery Rate. We highlighted only

metabolites with a FC > 1.5 or < 0.8 and an adjusted p-value < 0.1

Multivariate analysis

Metabolome profiles were also analysed by a multivariate approach to identify a diagnostic
prediction model as described previously. The classification of the samples was performed by
an unsupervised multivariate descriptive analysis called Principal Component Analysis (PCA)
in order to determine the distribution of the samples and possible outsiders but also by a
supervised analysis based on Partial Least-Squares Discriminant Analysis (PLS-DA). The
score plot shows the distribution of the classified samples. The value of Variable Influence on
Projection (VIP) represents the importance of the metabolites according to the PLS-DA
supervised model. To test the relevance of both the highlighted metabolites and the model,
accuracy, accuracy evaluation and the permutation test were performed. To test the pertinence

and the quality of the model, we used 2 independent cohorts to establish independent validity
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of the diagnostic model. For this purpose, we randomly divided our database into a training
set comprising approximately two thirds of samples from the IgAV group and two thirds from
the spondyloarthritis group. The rest of the samples constituted the "test set": this group
includes one third of the IgA vasculitis samples and one third of the samples with SpA for
which the diagnosis is anonymized.

Receiver Operating Characteristic (ROC) curves were generated by Monte Carlo cross
validation (MCCV) using balanced sub-sampling. In each MCCV, 2/3 of the samples were
used to identify the most important metabolites and were then used in the classification model
to infer the diagnosis of the remaining 1/3 of the samples. The classification method was PLS-
DA as previously defined. We generated different models according to the supervised
multivariate analysis PLS-DA. From the training set, we selected the model with the higher
area under the curve, being significant and we only kept the 15 most significant metabolites.
Then we predicted the diagnosis of patients from the test set. We independently repeated this
process 10 times to estimate an average of sensitivity, specificity, positive and negative

predictive value of prediction in the test set.

Metabolic pathways analysis

Metabolic pathways and enrichment analyses were systematically realized with the five most
discriminant metabolites highlighted by PLS-DA model. Metabolic pathway enrichment and
pathway topology analysis were conducted using MetaboAnalyst version 5.0
(https://lwww.metaboanalyst.ca/) in order to determine a probability for each metabolic
pathway identified its relevance.

The value of pathway impact was calculated as the sum of importance measures of the
metabolites, normalized by the sum of importance measures of all metabolites in each
pathway. Metabolic pathways are represented as a network of chemical compounds with

metabolites as nodes and reactions as edges.
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RESULTS

Patients

Fifty-five patients with IgAV and 77control patients with spondyloarthritis (SpA) were
enrolled. The main clinical and biological characteristics of IgA patients are shown in Table
1. Briefly, IgVA patients all presents at baseline skin involvement, 69% renal involvement
(n=38), joint involvement in 56% (n= 31), and 42% had gastro intestinal involvement in (n=

23). SpA controls were age and sex matched as showed in Table 1.

Metabolomic profiles

Volcano plot analysis (Fig. 1A) highlighted a significant difference in concentrations of 38
metabolites (on the 96 metabolites measured) between IgAV and SpA with an adjusted p-
value < 0.05. The 10 more discriminant metabolites were 1-methyladénosine (adjusted p-
value 2,08.10%, FC = 11,195), L-glutamic acid (adjusted p-value 1,44.10%°, FC = -0,30),
Thymidine (adjusted p-value 1,64.10%8, FC = 8,23), Serotonin (adjusted p-value 4,21.10?,
FC = 2,58), Catechol (adjusted p-value 9,01.10-12, FC = 3,02), Methyl Jasmonate (adjusted
p-value 9,01.10%?, FC = 1,99), Nicotinamide (adjusted p-value 1,03.10'%, FC = -0,28),
Thyroxine (adjusted p-value 2,93.10%!, FC = 1,67), N-acetyl-tryptophan (adjusted p-value
8,6.10'1, FC = 2,2), L-Arginine (adjusted p-value 2,79.10%°, FC = 1,66). The whole set of 38
metabolites highlighted by the univariate volcano plot are reported in additional data
(Appendix 1).

The unsupervised analysis (PCA) did not find any outsiders among the samples. The
multivariate analysis supervised by PLS-DA allows splitting the samples into 2 distinct
groups as shown in the score plot (Fig. 1B). The performance of the model was robust with a
predictivity test of 95% and a significant permutation test (p < 0.01) highlighting its
robustness. The important features contributing to this model is representing in Fig. 1C. The
set of metabolites shown in the graph representing the most important features based on PLS-
DA analysis were identical to those found after the univariate analysis. The 3 metabolites
having a VIP score > 1.8 were also the first 3 metabolites identified in univariate analysis: 1-

methyladenosine, L-glutamic acid and Thymidine. The metabolic pathways analysis from the
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discriminating metabolites highlighted by the PLS-DA model did not reveal any significant
metabolic pathway (Appendix 2).

The metabolomics profile allows predicting the diagnosis in an independent
population

As the multivariate model was significant to predict the diagnosis of IgAV on the entire
cohort, we applied the same strategy previously described to test the performance of diagnosis
prediction in an independent cohort.

The PLS DA diagnosis models built from the metabolome of patients from the 10
independent training set showed excellent performances. Accordingly, the ROC curves based
on the PLS-DA model from a number of features showed excellent criteria such as an AUC at
0.988 (p < 0.01) based on a model from less than 10 features.

Moreover, the performances of the PLS DA diagnosis models of patients in the test sets were
also excellent. Figure 2 is an example of prediction as previously described in order to predict
the diagnosis in the test set, showing a ROC curve with AUC at 0.994 (p < 0.01). Overall, we
obtained a very good reproducibility with similar predictive values, i.e. sensitivity, specificity,
PPV and NPV > 97% in the test set.

Via Venn diagrams 4 metabolites stood out because there were present in the 10 independent
predictions (among the multivariate and univariate analyses performed): 1-methyladenosine,

L-glutamic acid, Serotonin and Thymidine.

The metabolomics profile does not allow the determination of the
endophenotype of patients with IgA vasculitis

We also investigated whether metabolome analysis of IgA vasculitis patients could
distinguish the different clinical phenotypes (endophenotypes) according to the organ
involved. For this purpose, we gathered the patients according to the organ involvement (skin,
renal, articular or digestive).

Then we conducted statistical analyses of the metabolomics profiles as previously described,
comparing the different endophenotypes 2 by 2 for more clarity and comparability. The PLS-
DA model did not allow us to split significatively, each group, IgA vasculitis and skin

involvement versus patients with IgA vasculitis with skin and joint involvement (Appendix
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3). The PLS-DA model was able to separate the 2 groups despite but accuracy was poor, with
a non-significant permutation test (p = 0.68).

Thus, the metabolomic profile does not appear to discriminate the different endophenotypes
within IgA vasculitis patients. Therefore, analyses metabolic pathways were not further

explored.
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DISCUSSION

So far, a lot of studies have focused on the pivotal role of the immune system during
the course of adult IgA vasculitis. This study is to our knowledge the first to use a
metabolomics approach in this rare vasculitis showing a baseline “metabolic signature” in
IgAV patients. Rather enrolled healthy controls, we enrolled patients suffering from others
auto immune disease such as axial spondyloarthritis. This option was carried out to point out a
specific profile of IgAV rather than a metabolomics signature of auto immune disease.
Using this approach, with a robust statistical method, we were able to build a diagnostic
model using the metabolomics approach highlighting theses 4 metabolites could be used as
diagnostic biomarkers in daily practice. Indeed, both positive predictive value and negative
predictive value were > 97% to predict IgA diagnostics.
Obviously, these results need to be confirmed in an independent cohort. Moreover, it is
known mandatory to study the metabolome of others vasculitis such as ANCA vasculitis or
giant cell arteritis in order to clarify if the signature is specific of IgA vasculitis rather than
others vasculitis. This latest point is needed to help clinician in the diagnosis of IgAV
especially in the 20 % of the patients in which IgA deposits are lacking. Of note, despite the
excellent predictive values of this model, we did not demonstrate a metabolic pathway

involved that could explain the pathophysiological mechanisms of this disease.

Regarding the role of the 4 metabolites identified in our study: 1-methyladenosine belongs to
the class of purine nucleosides. It is a constituent of messenger RNA. Glutamic acid is a non-
essential amino acid that plays an important role in excess nitrogen removal. It is also a
neurotransmitter. Serotonin also operates as a neurotransmitter, synthesized from L-
tryptophan. It is mainly found in the digestive system where it regulates intestinal movements;
but also, in the platelets and, in smaller concentrations, in the central nervous system where it
acts as a neurotransmitter. Thymidine is a pyrimidine deoxynucleoside known as the T-
nucleotide of DNA in association with deoxyadenosine. In pharmaceuticals, thymidine

derivatives are used in drugs, notably against HIV, and act by inhibiting reverse transcriptase.

As previously mentioned, using metabolomics approach in adult IgA vasculitis has so far not
been performed. However, we could mention a Turkish study using a non-targeted
metabolomics approach to search for prognostic biomarkers of occurrence of renal damage in
a IgAV pediatric population (17). Of the 45 patients, 6 developed renal involvement at 6
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months during the follow up. They suggest that DHAP, prostaglandin D2/12,
porphobilinogen, 5-methyltetrahydrofolic acid, and N-Acetyl-4-O-acetylneuraminic acid/N-

Acetyl-7-O-acetylneuraminic acid may serve as biomarkers for predicting kidney disease.

These results were not in concordance with ours results that did not any showed any specific
profiles of patients with renal involvement and could be explained by the population studied
(pediatric population versus adult population). From a more general point of view, to our
knowledge, these 4 metabolites have not been involved in other autoimmune diseases, in

particular in vasculitis but so far studies remain scarce.
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CONCLUSION

To our knowledge, this study is the first to use the metabolomic approach for diagnostic
purposes in adult IgA vasculitis highlighting a specific diagnostic metabolome signature.
These results need to be confirmed in an independent cohort including controls suffering from

others vasculitis to use this metabolic signature as a reliable diagnostic biomarker.
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FIGURE AND LEGENDS
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A.Univariate analyses via volcano plot based on fold changed and adjusted p-value,
highlighting 38 metabolites. The x-axis represents the Fold Change between groups (log
scale) while the y-axis represents adjusted p-value obtained by a t-test of the difference in
metabolite concentrations (negative log scale).

B.Score scatter plot based on PLS-DA models to explain the diagnosis (green cross for
patients with IgA vasculitis and red triangle for patients with spondyloarthritis)

C. Classification of the top 15 of metabolites highlighted with PLS-DA model according to
the VIP score on the x-axis. The colored boxes on the side of figure represents the relative
concentration for each metabolite in each group (a red box means an increase of the relevant
concentration of the metabolite whereas a blue box means a decrease of the concentration of

the metabolite).
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Figure 2

Training set

Model from 15 features

Metabolites highlighted after 10 repetitions
1-methyladenosine

L-glutamic acid

Serotonine

Thymidine

Mean
97%
98,4%
97,7%
97,9%

Test set (Prediction n°1) <0008

sample Probat.nhry of Pfedrded Opsewed

Prediction diagnosis diagnosis

12 0,99537 Vasculitis Vasculitis

13 0,99992 Vasculitis Vasculitis

15 0,90675 Vasculitis Vasculitis

51 0,99856 ( SpA Vasculitis

53 0,9423 Vasculitis Vasculitis

T0-22 0,99513 SpA SpA

x10 Predictions * 18/19 vasculitis well predicted
—

* 26/26 SpA well predicted

Prediction of IgA vasculitis in an independent cohort from plasma metabolome profile of the

patients from the training set. ROC curves, obtained after PLS-DA models, allowed to

compare the diagnosis prediction to the observed diagnosis.
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APPENDIX

Appendix 1: List of the 38 metabolites highlighted via univariate analysis (Cf. Figure 1A
representing the volcano plot)

Compounds FC log2(FC) p.ajusted -log10(p)
1 1-METHYLADENOSINE 11.195 3.4848 2.0751e-35 34.683
2 L-GLUTAMIC_ACID 0.30151  -1.7297 1.4382e-19 18.842
3 THYMIDINE 8.2285 3.0406 1.6423e-18 17.785
4 SEROTONIN 2.5812 1.368 4.2109e-12 11.376
5 CATECHOL 3.021 1.595 9.0085e-12 11.045
6 METHYL.JASMONATE 1.9896 0.99247 9.0085e-12 11.045
7 NICOTINAMIDE 0.28492 -1.8114 1.0295e-11 10.987
8 THYROXINE 1.6685 0.73855 2.9257e-11 10.534
9 N-ACETYL-TRYPTOPHAN 2.198 1.1362 8.5995e-11 10.066
10 L-ARGININE 1.6646 0.73515 2.7945e-10 9.5537
11  AZELAIC_ACID 1.5179 0.60208 3.0459e-10 9.5163
12 N-ACETYL-L-PHENYLALANINE 1.8216 0.86518 5.1779e-10 9.2858
13 N-ACETYL-L-SERINE 0.44911 -1.1549 1.9533e-09 8.7092
14 ETHANOLAMINE_PHOSPHATE 1.8708 0.90365 4.348e-09 8.3617
15 BENZYL_ALCOHOL 5.9601 2.5753 5.4834e-09 8.2609
16 CREATINE 0.42508 -1.2342 1.09e-08 7.9626
17 TAURINE 1.5034 0.58824 1.1258e-08 7.9485
18 THEOPHYLLINE 2.3805 1.2513 1.7199e-08 7.7645
19 FUMARATE 2.0619 1.044 3.1709e-08 7.4988
20 MANNITOL 0.32827 -1.607 6.0269e-08 7.2199
21 XANTHINE 1.8799 0.91069 8.3556e-08 7.078
22 L-CYSTEINE 1.7324 0.79276 1.6981e-07  6.77
23 THEOBROMINE 2.7009 1.4334 1.8529e-07 6.7321
24 LAUROYLCARNITINE 2.1223 1.0856 2.2009e-07 6.6574
25 PARAXANTHINE 0.37661 -1.4089 5.54e-07 6.2565
26 HIPPURATE 2.3317 1.2214 8.6221e-07 6.0644
27 CITRULLINE 0.64727  -0.62757 1.2357e-06 5.9081
28 4-HYDROXY-L-PROLINE 0.51093  -0.96881 5.6595e-06 5.2472
29 LEUKOTRIENE_B4 2.314 1.2104 6.6014e-06 5.1804
30 TRIGONELLINE 2.7782 1.4741 8.481e-06 5.0716
31 3-2-HYDROXYPHENYLPROPANOATE 2.2171 1.1487 1.0055e-05 4.9976
32 L-THREONINE 0.63986 -0.64417 1.7792e-05 4.7498
33 L-TRYPTOPHAN 1.5424 0.6252 0.00018156 3.741
34 METHYL_INDOLE-3-ACETATE 1.6993 0.76492 0.00024924 3.6034
35 DEOXYCHOLATE 2.3476 1.2312 0.0005023 3.299
36 GLYCOCHOLATE 1.5556 0.63743 0.00057931  3.2371
37 CORTISOL 1.5181 0.60231 0.0027257 2.5645
38 RIBOSE_5-PHOSPHATE 0.13535 -2.8853 0.029422 1.5313
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Appendix 2: Metabolic pathway analyses from the 15 discriminating metabolites
highlighted by the PLS-DA model. No significant metabolic pathway is highlighted.

Enrichment Overview (top 25)

Urea Cycle

Tyrosine Metabolism

Aspartate Metabolism

Nicotinate and Nicotinamide Metabolism
Malate-Aspartate Shuttle
Phosphatidylethanolamine Biosynthesis
Glucose-Alanine Cycle

Thyroid hormone synthesis

Arginine and Proline Metabolism
Phosphatidylcholine Biosynthesis
Glycine and Serine Metabolism
Tryptophan Metabolism

Alanine Metabolism

Glutathione Metabolism

Cysteine Metabolism

Phenylalanine and Tyrosine Metabolism
Folate Metabolism

Lysine Degradation

Ammonia Recycling

Amino Sugar Metabolism

Beta-Alanine Metabolism

Sphingolipid Metabolism

Propanoate Metabolism

Histidine Metabolism

Glutamate Metabolism

P value
6e-02

3e-01

5e-01

% DDDDDDDDDDDHI"II“““II

0 2 4 6

Enrichment Ratio
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Appendix 3: Multivariate analysis from serum metabolome profile of IgA vasculitis with
skin involvement (C) and IgA vasculitis with skin and articular involvement (CA).

vasculitis (green cross for patients with IgA vasculitis with skin and articular
involvement and red triangle for patients with IgA vasculitis with skin involvement

only).

model does not allow the separation of endophenotypes.

(A) Score scatter plot based on PCA analysis of patients according to the organ involved
(B) Score scatter plot based on PLS-DA models to explain endophenotypes in IgA

(C) Prediction accuracy is not significant as with the Permutation test. To conclude, this

(D) Classification of the top 15 of metabolites highlighted with PLS-DA model according

to the VIP score on the x-axis. The colored boxes on the side of figure represents the
relative concentration for each metabolite in each group (a red box means an increase
of the relevant concentration of the metabolite whereas a blue box means a decrease of
the concentration of the metabolite).

Scores Plot
A | B C
7 =l E o
x a & N6-DELTA2-ISOP e HE
i 5,6-DIHYDROURA e | HE
NICOTINAMIDE ° [ |}
L-TRYPTOPHAN [ [ | |
5| L-TYROSINE ° mm "o
; \ L-LYSINE ° [T}
RS il sNn 3% A9 ’ UROCANATE o [ [ ]
(e SUBERIC_ACID [ | | |
Scores Plot AZELAIC_ACID ° BE
LAUROYLCARNITI ° oa .
INDOLE-3-ACETI ° mm .,
8 GLUCURONIC_ACI e [ [ ]
—i TRANS-CINNAMAT ° [ | |
“ 8 3ALPHA-HYDROXY | @ [ | ]
- " = R L-THREONINE |@ | | |
g 0 T T T T T T T
® * ormere 15 16 17 18 19 20 21
staustid
i » \L VIP scores
o% e o om am 1
Permusation tes staiatics
D
Total | Expected | Hits | Raw p -log10(p) Holm adjust | FDR Impact
Arginine biosynthesis 14 0.12 2 5.59E-03 2.25E4+00 4.69E-01 4.69E-01 0.19
Arginine and proline metabolism 38 0.32 2 3.85E-02 1.41E+00 1.00E400 9.90E-01 0.14
Nitrogen metabolism 6 0.05 1 4.94E-02 1.31E400 1.00E400 9.90E-01 0.00
D-Glutamine and D-glutamate | 6 0.05 1 4.94E-02 1.31E400 1.00E+00 9.90E-01 0.50
metabolism
Aminoacyl-tRNA biosynthesis 48 0.40 2 5.89E-02 1.23E400 1.00E+400 9.90E-01 0.00
Butanoate metabolism 15 0.13 1 1.19E-01 9.24E-01 1.00E+-00 1.00E4+00 | 0.00
Nicotinate and nicotinamide metabolism 15 0.13 1 1.19E-01 9.24E-01 1.00E+4-00 1.00E+00 0.19
Histidine metabolism 16 0.13 1 1.27E-01 8.97E-01 1.00E+4-00 1.00E+400 0.00
Sphingolipid metabolism 21 0.18 1 1.63E-01 || 7.88E-01 1.00E+00 1.00E+00 | 0.01
Glutathione metabolism 28 0.23 1 2.12E-01 6.74E-01 1.00E+-00 1.00E+400 0.02
Alanine, aspartate and glutamate 28 0.23 1 2.12E-01 6.74E-01 1.00E+00 1.00E4+00 0.20
metabolism
Porphyrin and chlorophyll metabolism 30 0.25 2.25E-01 6.48E-01 1.00E+00 1.00E400 | 0.00
Glyoxylate and dicarboxylate | 32 0.27 2.38E-01 6.23E-01 1.00E+00 1.00E+00 | 0.00
metabolism
Glycerophospholipid metabolism 36 0.30 1 2.64E-01 5.78E-01 1.00E+00 1.00E4+00 | 0.02
Pyrimidine metabolism 39 0.33 1 2.83E-01 5.48E-01 1.00E+00 1.00E4+00 | 0.06
Tryptophan metabolism 41 0.34 1 2.95E-01 5.30E-01 1.00E+00 1.00E400 | 0.10
Tyrosine metabolism 42 0.35 1 3.01E-01 5.21E-01 1.00E4-00 1.00E4-00 0.00
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Résumé :

Contexte : La vascularite a IgA est une maladie systémique rare qui met en jeu le pronostic vital
principalement en raison de l'atteinte digestive ou rénale. Le diagnostic est difficile & établir chez
environ un quart des patients, du fait d’absence de dépot d’IgA au sein du derme des patients.

Obijectif : L'objectif de cette étude était d'explorer le métabolome sérique de patients atteints de
vascularite a IgA afin d'identifier d’éventuels biomarqueurs diagnostiques.

Méthodes : Nous avons realisé une étude comparant le métabolome sérique de patients adultes
atteints de vascularite a IgA, et de témoins atteints de spondylarthrite ; appariés en age et en sexe.
L'analyse des échantillons sériques a été réalisee par chromatographie liquide haute performance
couplée a de la spectrométrie de masse. Les données ont été analysées par analyse univariée et
multivariée supervisée et non supervisée. En cas de modele diagnostique performant, une
validation sur population indépendante a été effectuée afin d’évaluer son intérét en routine.

Résultats : Nous avons comparé le métabolome de 55 patients atteints de vascularite a IgA a celui
de 77 témoins souffrant de spondylarthrite. L’age médian des patients atteints de vascularite a IgA
était de 53 ans [30 ; 61]. Deux tiers des patients étaient des femmes (n= 32). Au diagnostic de la
vascularite, la totalité des patients présentait une atteinte cutanée. Une atteinte rénale était
observée chez 69% des patients (n= 38), une atteinte articulaire chez 56% (n= 31) et une atteinte
digestive chez 42% (n= 23).

L’analyse multivariée du métabolome a permis de discriminer significativement les patients
atteints de vascularite a IgA de ceux atteints de spondylarthrite avec une précision supérieure a 90
% (test de permutation p<0,01). Ce modele a révélé d’excellentes valeurs prédictives sur des
et valeur prédictive négative a 98 %. Ces modeles ont mis en évidence 4 métabolites
discriminants : le 1-méthyladénosine, I’acide L-glutamique, la sérotonine et la thymidine.

Conclusion : Cette étude a permis de mettre en évidence un excellent modele prédictif
diagnostique de la vascularite a IgA basé sur le métabolome sérique. Ces résultats devront étre
confirmés au sein cohorte indépendante de patients atteints de vascularite a IgA.

Mots clés : vascularite & IgA ; métabolomique ; biomarqueur ; Spondylarthrite
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