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Omics
Big data/Next Generation Techniques

-Omics: Large scale dataset in specific 
species of biomolecules or biological 

entities (holistic approach)

Gu et al, BMC Syst Biol. 2012

Gene regulatory networks in 
Hepatocellular Carcinoma



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

• Serial layers of –omics

• Elucidation of mechanisms

• Pathophysiological maps

• Casuality

• Therapeutical targets

• Personalized medicine

Communication of biological entities 
– Pathophysiology in detail





Schett G et al, NEJM, 2021

Reframing Immune-Mediated Inflammatory Diseases through 
Signature Cytokine Hubs



GWAS data



Generations of Sequencing Technologies

The Human Genome Project

•Duration: 13 years (1990-2003)

•Cost:  3 Billion $

World’s largest 

collaborative 
biological 
project

1 human Whole Genome:
•Duration: 48 hrs

•Cost:  < 1000 $



• 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

Flavors of genome sequencing



• Alternative splicing events →complex traits

• Full-length isoform annotation of 29 human 
immune cells (long-read sequencing)

• Characteristic isoforms and repetitive elements  
→ diversity

• Alternative 3’ -UTR usage 

• Disease-associated isoforms by isoform
switch analysis

Inamo J et al, Nature Comm. 2024

Long-read sequencing in diverse transcriptome 
usage in autoimmunity



Genetic predisposition in EGPA

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



Genetic predisposition in EGPA

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



Molecular Taxonomy in Rheumatic Diseases

Barturen G, et al. Nat Rev Rheumatol. 2018

Molecular taxonomy based on transcriptome analysis



Molecular Disease Endotypes

Proper SP, et al. Front Immunol. 2021 Aug 18;12:720746



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

• 5 SLE endotypes characterized by a 
unique gene module.

• Neutrophilic signature consisted 
primarily of patients with active LN

• B-cell group included patients with 
constitutional features. 

• Patients with moderate severity and 
serologic activity exhibited a 
signature enriched for metabolic 
processes. 

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



Rivellese F, et al. Nat Med. 2022 Jun;28(6):1256-1268

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



Epigenetics – Past and Response of the cell



Ai R, et al. Nat Commun. 2018

• Characterization of DMERs

• Differentially modified epigenetic 
regions

• Integration of different omics

• Epigenetic landscape sets new 
light on the genetic load and its 
pathophysiological mechanisms



Bulk RNASeq Single-Cell RNASeq Spatial transcriptomics

Assess unbiased 
gene expression

Characterize cellular 
heterogeneity

Spatial context of 
tissue architecture

Spatial transcriptomics: Cell-specific gene expression in spatial detail 

Can measure mean gene expression in 
high fidelity

Cannot delineate cell type heterogeneity 
based on gene expression

Can delineate cell type hetegeneity based 
on gene expression

Cannot put the cell type phenotype into 
the tissue context

Tissue context cell type 
specific gene expression map



Sugiarto et al, April 2026,  bioRxiv

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

• 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) →
appear with increasing inflammatory 
disease activity and drive LN fibrosis

• Myeloid populations as therapeutic 
targets in LN



Perez et al., Science 376, 153 (2022)

• Unique maps of cell heterogeneity within 
hundreds of patients

• Integration with genetic and epigenetic 
layer

• Cell-type specific effects

• Gene modules for disease prediction



Proteomics analysis in urine leads to stratification of SLE 
patients according to kidney damage

Fava a. et al, JCI Insight. 2020;5(12):e138345 



Proteomics analysis in urine leads to stratification of SLE 
patients according to kidney damage

Fava a. et al, JCI Insight. 2020;5(12):e138345 



Rivellese F, et al. Nat Med. 2022 Jun;28(6):1256-1268

The future of Transcriptomics and Personalized 
Medicine – Spatial Transcriptomics



Hoover PJ et al, March 2026,  ARD

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

Chronicity index (CI) – association with switch of the local immune response from Mo/Mφs to expanded CD4T, GZMK+ CD8 
T, B and dendritic cells – parallel decrease in IFN response

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



Wang Y et al., April 2026, Nat Immun

Myeloid cells as critical mediators of
photosensitivity in Lupus and DM

Expansion in lesional skin, production of IFNβ and 
colocalization with cytotoxic CD4⁺ T cells at the
dermal–epidermal junction

Keratinocytes activate fibroblasts, prompting them to 
release chemokines

Anti-type I interferon treatment with anifrolumab
prevented UVB-induced myeloid infiltration and 
reduced photosensitivity



Matrix metalloproteinase 12 (MMP12) as a 
novel signature molecule in systemic vasculitis

Temporal arteries in patients with giant cell arteritis

Lung of a patient with granulomatosis with polyangiitis



The idea of the digital twin



The idea of the digital twin



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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