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Omics
Big data/Next Generation Techniques

.3_ -Omics: Large scale dataset in specific
"t \ species of biomolecules or biological
3 entities (holistic approach)
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Gene regulatory networks in
Hepatocellular Carcinoma

Gu et al, BMC Syst Biol. 2012



Components
Genomics

Transcriptomics

Proteomics

Metabolomics
Glycomics
Lipidomics

Localizomics

Transcription
factor
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Interactions

Protein-DNA interaction |

Protein-protein
interaction

Functional states

Fluxomics

Phenomics

Communication of biological entities

— Pathophysiology in detail

* Serial layers of —omics

e Elucidation of mechanisms
* Pathophysiological maps

e Casuality

* Therapeutical targets

* Personalized medicine

Joyce, A. Nat Rev Mol Cell Biol 7, 198—-210 (2006)



SYSTEMS MEDICINE ACCESS LAYERS

ENVIRONMENT

Behaviour, socioeconomic factors,
/" nutrition, clinical data, life history

— Saliva, oral mucosa —

— CSF —

—  Sputum, BAL —

— Blood, Serum —

— UGT (Urine) —

— Joint (biopsy, aspirate) —

— Bone marrow —

DNA Individual Genome—

GENETICS

— Skin (swabs, biopsies) —

— Stool, Gut biopsies —
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SYSTEMS MEDICINE ANALYSIS LAYERS




Reframing Immune-Mediated Inflammatory Diseases through
Signature Cytokine Hubs

Ulcerative colitis Crohn's disease Psoriatic arthritis

Rheumatoid arthritis
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Signature Cytokine-Based Concept
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Schett G et al, NEJM, 2021




GWAS data

(a) Cases Controls
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Generations of Sequencing Technologies

15t Generation

Next Generation 3rd Generation
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Sanger Sequencing

«Infer nt identity with dNTPs and
visualize with capillary electrophoresis

+500-1000 bp fragments

- Expensive, laborious, time consuming

World’s largest
collaborative
biological
project

* Duration: 13 years (1990-2003)
*Cost: 3 Billion$

s | human Whole Genome: - Duration: 48 firs
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3 s Years
+High throughput from the -Sequence native DNA and/or RNA
parallelization of millions in real time with single-molecule First Second ~  Third

generation generation generation

of sequencing reactions resolution

+~50-500 bp fragments - Tens of kb fragments

Cost per Human Genome

*Cost: <1000S




Flavors of genome sequencing

 Whole Genome Sequencing:
every single bit, depending on depth, de novo assembly

 Whole Exome Sequencing: focus on protein-important
events, cheaper, weak at regulatory events

* Targeted Sequencing: Evolution towards translational
research, sequencing for less curious people

WGS

WES

 Targeted
Panel

30X

200X

5000X

+ 2% of genome
- 85% of disease

causing variants

- Only targets of interest
- Seek specific disease

causing variants



Long-read sequencing in diverse transcriptome

usage in autoimmunity

Article https://doi.org/10.1038/s41467-024-48615-4

Long-read sequencing for 29 immune cell
subsets reveals disease-linked lsoforms
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Inamo J et al, Nature Comm. 2024



Genetic predisposition in EGPA

ARTICLE
oPEN

Genome-wide association study of eosinophilic

granulomatosis with polyangiitis reveals genomic
loci stratified by ANCA status

Paul A Lyons et al.” . . . .

Table 2 Genetic associations with EGPA

Total EGPA N = 534 MPO+EGPA N =159 ANCA —ve

EGPA N = 352
Chr Variant rsid Gene/ Cont maf Case maf OR LMM P Meta OR Meta P MPO OR MPO P OR P
Region

2 rs72946301 BCL2LTT 01 0.17 166 19x10-1 181 9.0x10-M 1809 77=x10~° 176 36x10-7
5  rs1837253  TSLP 0.26 0.17 142 15x10-10 152 5.2x10-1M 1464 0.0008 153 12x10-8
6  rs9274704 HLA-DQ 017 0.27 188 8.2x10-1% 201 1.2x10-20 568 11x10-28 132 0004
10 rs34574566 10pi4 0.31 0.24 073 80x10% 07 29x108% (066 0.0004 07 99x10-%
7 rs42041 CDK6 0.24 0.31 132 19x10-6 134 0.014 136 9.7x10-5
5 rsl17455877 IRFI/ILS  0.35 0.4 131 21x10-7 116 017 147 1.8x10-8
6  rs6454802 BACH2 0.4 0.31 0.8 22x10-6 0.81 0.024 074 38x10-6
3 rs9290877 LPP 0.3 0.38 127 47x10-6 1.48 0.0007 124 00006
1 rs72689399 GPA33 0.01 0.03 27  67x107 0.89 0.96 534 11x10"°
6  rs6931740  HLA 0.39 0.25 062 17x10-10 0.55 16x10-° 061 4.2x10-8
12 rs78478398 1271 0.03 0.05 059 0.0017 0.17 1.7x10-8 081 037

Nat Commun. 2019 Nov 12;10(1):5120.
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Genetic predisposition in EGPA
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% of patients with feature

Clinical feature MPO+ AAV MPO+ EGPA ANCA-

(non EGPA) EGPA
Glomerulonephritis 85 29 2]
Neuropathy 20 79" 57
Asthma n.d. 100 100
Eosinophilia 4.5 100 100
Pulmonary hemorrhage 17 4 4
Ear nose or throat 32 &1 88
Pulmonary infiltrates 20 45 61°
Cardiac involvement 3 15 30"
Rituximab response 98 80 a8

Nat Commun. 2019 Nov 12;10(1):5120.




Molecular Taxonomy in Rheumatic Diseases

 SS5c (zkin)

Immune and Proliferation Fatty acids and Heterogenous Dizease severity
inflammatory lipid biosynthesis functions
response mechanisms
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Molecular taxonomy based on transcriptome analysis
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Barturen G, et al. Nat Rev Rheumatol. 2018



Molecular Disease Endotypes
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Molecular Taxonomy of Systemic
Lupus Erythematosus Through
Data-Driven Patient Stratification:
Molecular Endotypes and Cluster-

- e 5 SLE endotypes characterized by a
Tallored Drugs Efrantiers | Frontiers in yp y

1 .
Immunology unique gene module.

C

oot s * Neutrophilic signature consisted

e ——
I primarily of patients with active LN

--- -

* B-cell group included patients with

constitutional features.
- | .
I: { - . + K.+ Patients with moderate severity and

5

serologic activity exhibited a

signature enriched for metabolic
H - PIOEERES

G5 ©G& Gl G2 63 & &

* Mild disease was distributed in 2
groups, exhibiting enhanced basic
cellular functions, myelopoiesis, and
autophagy

Garantziotis P, et al. Front Immunol. 2022 May 9;13:860726.



Biopsy-based disease endotyping before and after therapy in RA reveals
diverse clinical and treatment—response phenotypes

ARTICLES medicine
https://doi.org/10.1038/s41591-022-01789-0
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Rivellese F, et al. Nat Med. 2022 Jun;28(6):1256-1268



‘Closed’ heterochromatin

Epigenetics — Past and Response of the cell vove [y ' W
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ARTICLE

Comprehensive epigenetic landscape of
rheumatoid arthritis fibroblast-like synoviocytes
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Characterization of DMERs

Differentially modified epigenetic
regions

Integration of different omics
Epigenetic landscape sets new

light on the genetic load and its
pathophysiological mechanisms

Ai R, et al. Nat Commun. 2018



Spatial transcriptomics: Cell-specific gene expression in spatial detail

Bulk RNASeq

Assess unbiased
gene expression

Single-Cell RNASeq

Characterize cellular
heterogeneity

Can measure mean gene expression in
high fidelity

Can delineate cell type hetegeneity based
/' on gene expression
Cannot delineate cell type heterogeneity
based on gene expression

Cannot put the cell type phenotype into
the tissue context

Spatial transcriptomics

Spatial context of
tissue architecture

Tissue context cell type
/ specific gene expression map



A population-scale atlas of blood and tissue
in lupus nephritis

LN patients + Blood draw
healthy (n= 137,
controls Y 118LN, 19 HC) 2w A
— \ CITE-Se )
J > q R
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i gration
s 155 LN, 30 HC) B ST
~h - -
' v snR~NA-seq ‘® ®_\
bttt td (n =49, ‘ o
: RN Histopathology 39 LN, 10 HC) /
Broad cell type Fine grain cell state C Covarying neighborhood
identification identification analysis (CNA) within cell type
| D
g 5 Cell state
o O 0 associations with
< \NJ —*<« e «” = histopathology,
= /\’w 7 clinical variables,
D G b = | @ case status, etc
(&)

UMAP1 UMAP1 UMAP1 Cell Correlation

Cell correlation
with phenotype Fa

538k single-cell and 140k single nuclear
profiles from kidney biopsies (n=155)

Tissue specific cell states

Association with irreversible chronic tissue
damage

SAMs (Scar Associated Macrophages) =2
appear with increasing inflammatory

disease activity and drive LN fibrosis

Myeloid populations as therapeutic
targetsin LN

Sugiarto et al, April 2026, bioRxiv



Census of immune cells in systemic lupus erythematosus

Genetically Prolif S i
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Single-cell RNA-seq reveals cell type-specific
molecular and genetic associations to lupus

* Unique maps of cell heterogeneity within
hundreds of patients

* Integration with genetic and epigenetic
layer

e Cell-type specific effects

* Gene modules for disease prediction

Perez et al., Science 376, 153 (2022)
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Proteomics analysis in urine leads to stratification of SLE
patients according to kidney damage

MIG -
Immune activation 404 p=0.012 MIP_1a - chemokine-mediated signaling pathway
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Fava a. et al, JCI Insight. 2020;5(12):e138345



Proteomics analysis in urine leads to stratification of SLE
patients according to kidney damage
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Fava a. et al, JCI Insight. 2020;5(12):e138345



The future of Transcriptomics and Personalized
Medicine — Spatial Transcriptomics
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Rivellese F, et al. Nat Med. 2022 Jun;28(6):1256-1268



Systemic lupus erythematosus

Deep profiling of lupus nephritis kidneys reveals
dynamic changes in myeloid cells associated with

disease progression

A

DMacs:
Disease-
associated

Differentiated .

“" Monocytes

UMAP 2

pDCs i

® pDCs (M15) - Mem/Ef cD4T

B Cell Enriched
'p -

® CCR7 DCs (M21) ® Tregs
Mem/Eff CDAT o TF

® cDC2s (M4; ® GZMK CD8 T

® GZMK CD8 T ® pDCs (M15

Mem/Eff CD4 T
® Plasma ® Stem-likeCD4T ® GZMK CD8 T

scRNA-seq of kidney samples from 156 LN patients — spatial transcriptomics(ST), myeloid —focusing

Chronicity index (Cl) — association with switch of the local immune response from Mo/Mds to expanded CDAT, GZMK* CD8
T, B and dendritic cells — parallel decrease in IFN response

Proliferative/mixed LN - expansion of disease-specific M¢s (DMac), arising from both infiltrating monocytes and tissue-
resident macrophages; and interacting with parietal epithelial cells, promoting glomerulosclerosis.

Hoover PJ et al, March 2026, ARD



A spatially coordinated keratinocyte-
fibroblast circuit recruits MMP9" myeloid cells
todrivetypelinterferon-driveninflammation
in photosensitive autoimmunity

KC

d CLE - sample 2 fov! CLE - sample 2 fov1 Myeloid cells as critical mediators of
‘ photosensitivity in Lupus and DM

Expansion in lesional skin, production of IFNB and
colocalization with cytotoxic CD4* T cells at the
dermal—epidermal junction

Keratinocytes activate fibroblasts, prompting them to
release chemokines

i0a.4sim "':'3‘_';'.--' " Anti-type | interferon treatment with anifrolumab
prevented UVB-induced myeloid infiltration and
reduced photosensitivity

Wang Y et al., April 2026, Nat Immun



Matrix metalloproteinase 12 (MMP12) as a

novel signature molecule in systemic vasculitis

Temporal arteries in patients with giant cell arteritis
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The idea of the digital twin

Building a personalized digital twin

Data from multiple scales are needed to build computational representations of biological processes and
body systems that are affected by viral infection. These submodels are integrated and personalized with
clinical data from individual patients. The digital twin can then be used to derive predictions about diagnosis,
prognosis, and efficacy and optimization of therapeutic interventions.
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Multicellular

Subcellular



The idea of the digital twin
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Take-home messages

Systems Medicine initiates a new era in Rheumatology, providing novel tools in clinical practice
Pathophysiological mechanisms, previously unknown are elucidated though —omics

Genetic basis of each disease is seen through a new lens

Single cell studies are conquering almost all rheumatic diseases from various aspects
Personalized medicine is based solely on systems approach

Future studies will analyze spatial cell characteristics of causal and inflamed tissues



‘Thank you!
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