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2020

Huge amount of -Omic 
Information: Genome, 
Chromatome, Methylome, 
Transcriptome, Proteome



Thanks Harry for picture

Multi-omic data: Genetic, Epigenetic and Proteomic

Search for Network, Longitudinal and Deep Learning 
Biomarkers



Constructing network 
biomarkers 

“One difficul# in in$rpre%ng &is data for defining clinica(y use)l 
informa%on is &at mul%ple different changes may be responsible for &e onset 
of a disease, as exemplified by &e efforts of +e Cancer Genome Atlas project” 

Solution: topological analysis of networks



How to construct a network if links are unknown??

Heterogeneity

Solution: topological analysis of networks



Correlation graphs





DNA Methylation Analysis



DNA Methylation 



DNA Methylation Analysis

How to build a network if links are unknown?



MAP-kinase module (LUSC). 

Wound healing module (KIRC). Immune module 



How to construct a network if links are unknown??

?

Bocaletti, Zanin 2014



Network oncomarkers

Bocaletti, Zanin 2014



2017



Network oncomarkers





Synolitic networks 
as applied to COVID-19 

data
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The pa'ents admi.ed at the 
Charité University Hospital from 
early March to the end of June 



Parenclitic Networks Predict 
Survival for Severely Ill 
Covid-19 Patients (Grade 
WHO = 7) Weeks Before 
Outcome with Extremely 
High Predictive Power
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A huge-collabora've effort: 61 authors, 28 affilia'ons 

a 'me-resolved deep clinical and molecular phenotyping of 139 adult pa'ents with 
COVID-19 during hospitaliza'on



Biomarkers that classify COVID-19 severity
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…

based on clinical chemistry, enzyme ac'vity, immunoprofile,  
single cell sequencing, proteomics, and metabolomics. 
High-throughput proteomic analysis - 180 samples/day.
309 proteins quan'fied in undepleted PLASMA using Scanning SWATH with short 
 gradients.



W H O o r d i n a l s c a l e f o r c l i n i c a l 
improvement in COVID-19 as used in the 
study (World Health Organisation 2020) 



Charite cohort

The pa'ents admi.ed at the Charité University Hospital from early March to the 
end of June 

There were 139 pa'ents, about half of whom were required invasive 
mechanical ven'la'on and half of whom are not. Among these people, 20 
pa'ents died, most of them (namely 17 people) are pa'ents with a grade 
7. 



WHO grade 7 patients (63)

139 pa'ents from Charite hospital admi.ed with PCR confirmed CoVID. Serum and 
clinical diagnos'cs taken at mul'ple 'me points across course of stay – 687 plasma 
samples. 309 proteins quan'fied in undepleted PLASMA using Scanning SWATH with 
short gradients. Since mortality was predominantly associated with pa'ents with a 
grade 7 (that is, the most severe pa'ents), we selected only them. There were 63 
people.



WHO grade 7 patients (63)

Excluded (14)

outcome (i.e. discharge or death) for them was not established 



WHO grade 7 patients (63)

Excluded (14)
Cases (15)

Control

s (34)

The remaining 49 pa'ents were divided into a control group (or discharged pa'ents) and a 
case group (or deceased pa'ents).



 Synolitic Network Construction (SVM approach)

It should be especially noted that other machine learning algorithms did not give good quality 
on this dataset, 
and only using of parencli'c networks approach allow us to obtain such a good results. 



 Synolitic Network Construction (SVM approach)



 Synolitic Network Construction (SVM approach)



Binary classification problem 
on networks characteristics

Calculate 
topological 

characteristics 

Train a 
classifier



Following cross-valida'on, the model showed excellent accuracy (AUC = 0.81) despite the median 'me from 
sampling to outcome being 39 days. You also can see interquar'le range: from 16 to 64 days. 
Especially amazing results (with AUC=1) we had on valida'on our model on completely independent dataset - 
24 Covid-19 pa'ents admi.ed to the Innsbruck Hospital in Austria. 



Age-related trajectories







How good are Synolitic 
Network Classification









Parenclitic Synolitic



Open questions and ongoing work:  

1. Comparison with Correlation 
graphs 

2. Longitudinal Synolitic Networks 

3. Graph-based Neural Networks 

Personal Patient Tool?



• Key papers:

• finding longitudinal oncomarkers- License obtained!



Method of  Mean Trends 

Longitudinal analysis of biomarkers







Combination with Graph Neural Networks 

?



Combination with Graph Neural Networks 
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