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Biomedical research 
• The area of science devoted to the study of: 
- the processes of life 
- the prevention and treatment of disease  
- the genetic, lifestyle and environmental factors 

related to disease and health 

Important Definitions 



Basic research 
• Research conducted to increase fundamental 

knowledge and understanding of the physical, 
chemical and functional mechanisms of life 
processes and disease     

• Not necessarily directed toward solving any 
particular problem in humans or animals 

3. Provides the foundations of other types of 
research (e.g. applied, clinical, translational) 

Important Definitions 



If we don’t know how a life process functions 

normally, we won’t know how to recognize 

and treat it when it functions abnormally. 

Important 



Precision Medicine 
Personalized Medicine 



https://www.sydneyvital.org.au/our-research/translational-research-diagram/ 

From Basic Research to Precise Personalized Medicine  
and Improved Health 



https://www.arcr.niaaa.nih.gov/arcr371/article01.htm 

From Basic Research to Precise Personalized Medicine  
and Improved Health 



Carvalho FRS, Carvalho LCC, Freitas DD (2014) Translational and Reverse Translational Research Supporting Precision Medicine: 
Acanthamoeba Keratitis as a Model of Linkage between Clinical and Basic Research Focused on Personalized Ophthalmology. J 
Ophthalmic Clin Res, 1: 001. 

From Basic Research to Precise Personalized Medicine  
and Improved Health 



https://surgery.duke.edu/research/shared-resources/substrate-services-core-research-support 

From Basic Research to Precise Personalized Medicine  
and Improved Health 



http://journal.frontiersin.org/article/10.3389/fphys.2015.00225/full 

The era of –omics and Systems Biology -The New Biology  

http://journal.frontiersin.org/article/10.3389/fphys.2015.00225/full


https://systemsbiology.org/about/what-is-systems-biology/ 

The era of –omics and Systems Biology -The New Biology  



Yugi K. et al. (2016) Trends Biotechnol 34(4):276-90 

Collection and integration of multi–omics date  

The era of –omics and Systems Biology -The New Biology  



American Society for Nutrition. Adv. Nutr. 3: 654–665, 2012; doi:10.3945/an.112.002477. 

The era of –omics and Systems Biology -The New Biology  



Biological Interaction Networks 



• Integrative systems biology         
Extracting biological knowledge from the -omics through 
integration 
 

• Predictive systems biology 
Predicting future of biosystem using ‘omics knowledge, 
e.g. in-silico biosystems 

Davidov, E.; Clish, C. B.; Oresic, M.; Zhang, X; et al. Omics: A Journal of Integrative Biology. 2004, 8, 267-288.  
Clish, C. B.; Davidov, E.; Oresic, M.; Zhang, X; et al. Omics: A Journal of Integrative Biology. 2004, 8, 3-13.  

The era of –omics and Systems Biology -The New Biology  



Functional Omics 

Biological System/Pathway/Process/Condition 

Directly relevant sub-ome 
  genes 

  DNA methylation 
  trascripts 
  proteins 

  metabolites 
   



Health/Disease/Pathobiology/Mechanisms 
(Humans, animals, microorganisms, viruses) 

Functional Omics 

Directly relevant sub-ome 
  genes 

  DNA methylation 
  trascripts 
  proteins 

  metabolites 
   



Biomolecule 

changes in: 

 Abundance 

 Localization 

 Modification 

 Structure 
     (primary, quaternary) 

 Interaction 
     (binary, complexes) 

Biological condition(s) 

Functional Omics 



Metabolic state Interactions Temperature 

Stress 

Culture conditions 

     Drugs Proteome 

Genome 

Cell specific gene 
expresion 

Gene KOs 

Monitor proteome  
changes 

Functional  
Hypothesis 

Data Validation 

Experimental 
Confirmation 

Functional stimulation, perturbation, comparison 

Affected 
sub-proteome 



Comparative Proteomics – Healthy vs Disease 

Monitor proteome  
changes 

Functional  
Hypothesis 

Data Validation 

Experimental 
Confirmation 

Affected 
sub-proteome 

Healthy Disease 



Comparative Proteomics: Disease 1– Disease 2 

Monitor proteome  
changes 

Functional  
Hypothesis 

Data Validation 

Experimental 
Confirmation 

Affected 
sub-proteome 

Disease 1 Disease 2 



Comparative Proteomics: Disease  (sub) stages 

Monitor proteome  
changes 

Functional  
Hypothesis 

Data Validation 

Experimental 
Confirmation 

Affected 
sub-proteome 

Early stage 
(Mild) 

Late stage 
(Aggressive) 



Comparative Proteomics – Diet/Nutrition/drug effect 

Monitor proteome  
changes 

Functional  
Hypothesis 

Data Validation 

Experimental 
Confirmation 

Affected 
sub-proteome 

Before after 



• Genome:       20,000 genes, static (?) 
 

What is the proteome ? 

• Transcriptome:   > 40,000 mRNAs, dynamic (other RNAs) 
 

• Proteome:   > 47,000 proteins, highly dynamic  

 Proteome variability:   genomic variations,  

    gene expression 

    alternative splicing 

    protein cleavage 

    modifications 



Why perform proteomics ? 
Same genome, different proteome 

      DNA    tells what possibly, 

     mRNA             what probably and  

     Proteins             what actually happens. 



Catalysis 

Regulation 

Structure 

Switch 
(regulation) 

Binding 

Proteins are flexible multi-tools  
The MVPs of cell 



Protein

Protein Maturation/Regulation/Function 

Primary and Secondary 

Tertiary 

Modifications 

Localization 

Quaternary (Protein Complex) 

Interactions / Regulation/Death  



https://www.thermofisher.com 

Protein Modification 



Protein Modification ~ 200 known PTMs 



Protein Complex 

Protein

≥2 polypeptide chains 

Non-covalent interactions 
 -Hydrogen bonds 
 -Electrostatic 
 -Hydrophobic 
 -Van der Waals 



Protein Complex 

Protein

Highly dynamic 
- Size 
- Shape 
- Interacting partners 
- Localization 
- Stability 

- Abundance 
- Properties 
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??? 

Classical biochemistry 



Omics - strategies 
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Proteomics bioinformatics 
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Proteomics bioinformatics Transcriptomics 

Classical Biochemistry Genomics/Epigenomcs 
 



Metabolic state Interactions Temperature 

Stress 

Culture conditions 

     Drugs Proteome 

Genome 

Cell specific 
gene expresion 

Complexity of Proteome and proteomics 

Mutations/
gene KOs 



Zoom-in and Zoom-out is required 

(~40 yrs) 

One protein 
(Classical protein biochemistry) 

Many proteins 
(Modern protein biochemistry/Proteomics) 

(~150 yrs) 



Quantitative Proteomics – Experimental Workflow 



MS-based 



Quantitative MS-Data Analysis 

Mueller LN. et al. JPR (2008) 7:51 





Measuring protein dynamics using SILAC 

(Ong et al., 2002) (Schwanhaeusser et al, 2009) (Doherty et al., 2009) 

Relative changes  
in protein levels 

Relative changes  
in protein production Protein turnover 



SILAC vs 
Label-Free 

Hubner NC et al.J Cell Biol. 2010  



32P 

Anti-P Blot 

MW 

pI 

2-DE 
1-D SDS PAGE 

film 

Evidence of PTMs 

2-DE 

Radioactive labeling/phosphoprotein specific AB 



Enrichment of Phosphopeptides 



Neutral Loss of phospho-Ser and phospho-Thr sides 
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MS/MS/MS 

precursor for 
MS/MS precursor-80 Da 

for MS/MS 

Neutral Loss dependent MS/MS/MS 



Phosphoproteome Quantitation: triple SILAC time-resolved 
analysis 

Olsen et al. Cell (2006) 127: 635-448  



Olsen et al. Cell (2006) 127: 635-448  

Double triple SILAC – time course 





Targeted Proteomics – Detection/Monitoring/Quantitation 

Nutrition 25 (2009) 1085–1093 



Biomarker development 

S. Sauer and T. Luge Proteomics2015,15, 997–1013 



Emerging proteomic strategies in the clinic  

S. Sauer and T. Luge Proteomics 2015,15, 997–1013 



An emerging workflow for shotgun proteomic analysis of 
complex ecosystems such as the human or animal intestine  

S. Sauer and T. Luge Proteomics 2015,15, 997–1013 



Our Approach 

Comparative analysis 
Network and pathway 

analysis 
Integration 

Drug-repurposing 

Health 
Disease 

Understanding 
(bio)pathology  

Biomarkers/drug targets 
Drugs/Therapy 

Multi-omics 
data 



Lymphoma 

Haematological cancer 

Derives from lymphocytes 

Large heterogeneity 

Deactivated wt-p53 



Wt p53 deactivated due to MDM2 overexpression 

Reproduced from KEGG database 



Effect of Nutlin-3a in lymphoma 

 Non-genotoxic activation of p53 

 

  • Cell cycle arrest 
• Apoptosis 
• Tumor growth inhibition 

Nutlin-3A 

X 



But... 
 
 
 
     ...it doesn’t work in all of the cases. 



Comparative Transcriptomics and Proteomics 

ID / Quant / Comparison 

1

2

3

4

1. Cell Cycle
2. Apoptotic process
3. Proteolysis5

6

7

8

9

10

11

12

13

15

16

17

4. Metabolic process
5. SNARE complex
6. DNA repair
7. Signal transduction
8. RNA splicing
9. Ribosome biogenesis

10. Ribosome
11. Mitochondrial ribosome
12. SRP-depented co-translational

targeting to membrane

14

13. Transcription regulation
14. Protein transport
15. Biosynthesis
16. Oxidative phosphorylation
17. Chromatin remodeling/modification

Up-regulated

Down-regulated

Interaction

Category

Different regulation in lymphoma sub-types

Network Analysis GO/Pathway Annotation 

Understand Lymphoma 
Pathobiology  



N3a global proteome differential affect 



N3a-affected Proteins and pathways 



Common N3a-affected PPIs network analysis  



P53 
signaling 
pathway  

Lymphoma-
type 
dependent 
activation 
and 
rewiring of 
p53 
signaling 
pathway   



Εξωσώµατα Μιτουαγία Αυτουαγία 

Hierarchical clustering and comparison of affected 
proteins per lymphoma type and biological process 

Autophagy Mitophagy Exosomes 



Integrated protein network in MCL 



Integrated PPIs network in ALCL 



Integrated PPIs network in HL 



N3a-affected 
signaling 
pathways  



Fig 08 Synergistic efffect N3a with HSps and mTOR inhibitors. Psatha et. al 2017

Proposed 
and tested novel 
therapeutic 
strategies 



B-cell lymphoma subtypes 

1. Hodgkin lymphoma (HL)  
2. Non-Hodgkin lymphoma (NHL)  

MCL: 
• chromosomal translocation  
       t(11;14)(q13;q32) (IgH/CCND1) 
• Cyclin D1 (CCND1) overexpression 
 



GSE30189 (Stages): 
1. Normal (N) 
2. In Situ (IS) 
3. Classical (C) 
4. Intermediate (I) 
5. Aggressive (A) 
 

NtoIS 
IStoC 

CtoI 

ItoA 

GSE45717 
1. Healthy 
2. Typical MCL 

 

HtoMCL 

Network and pathway 
analysis 

Integration 
Drug-repurposing 



Differential expressed 
genes (DEGs) 



  pathfindR PaintOmics 

NtoInS 18 8 
IStoC 22 10 
CtoI 45 8 
ItoA 71 12 

HtoMCL 185 58 

Affected Biological 
Pathways 



Significantly affected pathways  

Pathways Type 
p53 and cell cycle  DLBCL 

B-cell receptor (BCR) signaling DLBCL,MCL,CNS 

PI3K/Akt/mTOR signaling pathway DLBCL 

JAK-STAT signaling pathway DLBCL 

NF-κB pathway MCL 

Jak/STAT pathway MCL 

Wnt/β-catenin pathway MCL 

WNT pathway cHL,MCL,CLL 

p53 Pathway MCL, ALCL 

NF-κB prosurvival signals \CNS 

PD-1/PD-L1 pathway HL,nHL 

HGF/c-MET signaling pathway 

B cell lymphoma,  
T and NK cell lymphoma,  

Hodgkin lymphoma 

Hippo pathway  Pancreatic cancer 
Breast cancer 





Novel findings 

• There are “stage specific” deregulated biological 
pathways. 

• In Situ stage show a distinct pathway enrichment 
phenotype. 

• Basic cellular processes related to protein 
processing, translation and RNA processing are 
affected at the Classical stage. 

• Signaling pathways related to apoptosis, cellular 
senescence and proliferation are affected at the 
Intermediate and Aggressive stages.  
 
 



ΤP53 signaling 
pathway 

In Situ Classical Intermediate Aggressive 

1. Regulates cell cycle 
2. Inhibits angiogenesis 
3. Activates DNA repair proteins 
4. Induce growth arrest 
5. Initiate apoptosis 



CtoI IStoC NtoIS ItoA 

In Situ 

Intermediate 

Aggressive 

Pathways 
cross-talk 



DR 

Visualization of DEGs 
and enriched pathways 
• Drug-target networks 
• Drug-pathway-target 

networks 



New potential treatments for MCL 



New potential treatments for MCL 



New potential MCL-drugs categories 



MCL – pathways and drugs 



Drug ID Drug Name 
Related 
MCL Stage 

Pathway Original Use 

1 DB12010 Fostamatinib ALL Ribosome Biogenesis Rheumatoid Arthritis* 

2 DB12483 
Aliqopa (Copanlisib 
Hydrochloride) 

Classical 
Leukocyte transendothelial 
Thyroid hormone signaling 
pathway 

FL* 

3 
DB09198 Lobeglitazone Classical - antidiabetic medication 

4 DB00480 
Lenalidomide 
(Revlimid) 

Classical - multiple myeloma, MCL 

5 DB01169 Arsenic trioxide In situ 
p53 signaling pathway 
prolactin pathway 

Acute Promyelocytic 
Leukemia 
(experimental on MCL) 

* tested on relapsed Lymphoma (MCL, DLBL, FL,HL) 

FDA-approved drug for MCL 



Our Data Public Data 

Future perspectives.... 



https://blog.crownbio.com/pdx-personalized-medicine#_ 

Future perspectives.... 
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