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PROTEOMICS
large-scale comprehensive study of a specific proteome, including information on
protein abundances, their variations and modifications, along with their interacting
partners and networks, in order to understand cellular processes.

 one gene can encode more than
one protein

 proteins are dynamic

 proteome differs from cell to cell
and from time to time

 proteins are post-translationally
modified

 proteins exist in a wide range of 
concentrations

WHY PROTEOMICS ?
genes are only the "recipes" of the cell, while the
proteins encoded by the genes are ultimately the
functional players that drive both normal and
disease physiology

Proteomics Mission



Clinical proteomics

CLINICAL PROTEOMICS
sub-discipline of proteomics that involves the application of proteomic technologies

on clinical specimens

BIOMARKER DISCOVERY
 patient stratification
 diagnosis and therapeutic monitoring
 characterization of the behavior of candidate drugs

LC miniaturization
• more separative techniques
• easy automation
• high reproducibility

MS evolution
• Speed
• High Resolution
• Mass Accuracy

Bioinformatic
• Data handling
• Data mining
• Statistical Analysis

SHOTGUN  
PLATFORMS

↑ confidence

↑ sensitivity 

↑ dynamic range



Clinical Proteomics research workflow

Roffia V, et al. Pharma Horizon 2017; 1:59-64. 



Samples and Fields of Application

• antibody / IgG

• pull-down

• tears

• venom

• exosomes

• vescicles

• organelles

• saliva

• balf

• sputum

• EBC

• CSF

• urine

• cell lines

• blood

• tissues

ApplicationsSourcesBiospecimens

• Cancer

• Respiratory diseases

• Neurodegenerative diseases

• Cardiovascular diseases

• Amyloidosis

• Microorganisms

• Human

• Pig

• Mice/Rats

• Microrganisms:

- Yeasts

- Bacteria

• Apis

• Parasites

• Plants
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Proteomic approaches

A) Antibody-based methods

B) Peak profiling-MS based

Laser
Control Test

Protein chip
Maldi/SELDI-TOF

C) Gel-MS based methods
- 1DG - 2DG - 2D-DIGE
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Control Test

D) Gel-free methods (LC-MS-based methods)

Digestion

Mass 
spectrometry

Human Sample source Proteomic approaches

Downregulated
Upregulated
Unregulated

→ BALF
→ exhaled breath condensate 
→ Induced sputum

→ serum
→ plasma
→ Blood
→ urine

→ Bronchial fluids

→ Cell cultures

→ Body fluids

→ Biopsies

→ nasal epithelial cell



Urinary Proteomics



L'aumentata espressione sia di gelsolina che di perlecan nel
proteoma urinario dei bambini con OSA suggerisce che l'ipossia
episodica (diminuzione della saturazione di ossiemoglobina) può

portare a cambiamenti nella permeabilità
delle proteine o in alternativa ad un
aumento del catabolismo di queste
proteine e della loro escrezione nelle urine.





→ Anti-infiammatory activity

→ Bikunin
→ Tenascin

→ Oxidative stress and  infiammatory activity

→ Human Tribble homolog-2
→ Orosomucoid-2
→ PCAF Hystone acetylase: 

→ Protective activity

→ Prolyl hydroxylase domain 
→ Kallikrein-1
→ Zinc finger protein-81
→ Zinc finger protein-36/1

→ Renal dysfunction

→ Uromodulin
→ Urocortin-3
→ a1-Microglobulin (A1M)

Sulla base dei risultati precedenti (Krishma et al., Slep
medicin 2006) e dei risultati attuali, è ragionevole
presumere che l'ipossia intermittente e l'aumento
globale dello stress ossidativo dei processi infiammatori
attivati dall'OSA possono portare a una lieve disfunzione
renale.







Cell adhesion

Metabolism

Regulation of 
enzymatic
activity

Inflammation
and stress 
response



AIM:

LC-MS based proteomics characterization of urinary
extracellular vesicles in order to establish whether different
patterns of respiratory impedance in healthy preschoolers can
be associated to a specific protein fingerprint.



Workflow

Sample 
nanoChip

LC-MS/MS
Data handling Data 

Interpretation

Desalting/enrichment

Trypsin Digestion

Protein quantitation by 
SPN-Protein Assay

Protein extraction

Extracellular Vesicles

Ultracentrifugation

URINE

Processing Workflow

Consensus Workflow

Protein list

2D Virtual Map

Differentially 
expressed proteins
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Isolation of Urinary Extracellular Vesicles

Results: EVs characterization



Protein profile NanoChip LC - MS/MS repeatability
Identification of urinary extracellular vesicles 
protein content.

Results: Protein profiles



Cluster analysis 
Evaluation of protein profiles.

Results: Statistical analysis



Venn Diagram 
Distribution of proteins among the three
stratified groups.

Enrichment analysis of proteins identified
in the three groups by nLC-MS/MS.

Results: Functional analysis



Differential expressed proteins (DEP)
Up-/down-represented proteins into
different samples.

Proteins involved in metabolism

Proteins involved in cell adhesion

Proteins involved in  regulation of enzymatic
activity

Proteins involved in inflammation and stress 
response
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Results: Differential analysis



Results: Differential analysis

Proteine che tipizzano 
l'appartenenza dei 

soggetti ai tre gruppi 
(A, B e C) 



Network Analysis
Investigation of molecular pathways involved in the onset and follow-up of the pathology.

Results: Interactome analysis

A B

C



Results: Clinical parameters

Valutazione dei 
parametri di funzione 

respiratoria 
considerando la 

stratificazione 
ottenuta mediante 
l’analisi proteomica



 Protein fractionation, by the isolation of urinary extracellular vesicles, allowed an
interesting statistically confident proteomic-based stratification of healthy
preschool children.

 These samples are of primary importance to perform investigations involving
children, reducing the invasiveness of collection; however, the biogenesis of
urinary EVs remains unknown, so it will be important to investigate their biogenesis
and release.

 The obtained childhood groups resulted in good agreement with the respiratory
impedance and underlying biological profiles in the corresponding healthy
preschool children.

 Future studies are needed to increase the number of analyzed subjects and to
understand any roles of the selected proteins in the evaluation of physiological
changes in lung function throughout childhood.

Principal findings



Take home messages

 The strict cooperation among scientists from different areas and the comparison
between molecular and clinical data are permitting the discovery of a great
number of proteins as useful biomarkers for diagnostic and therapeutic purposes.

 The more suitable reality in clinical practice of proteomics is useful for the
definition of different panels composed by different biomarkers leading to the
eligibility of the patients to specific therapeutic treatments.

 The recent improvements of proteomics methodologies, including sample
preparation, instrumentations and computational tools, allow a system oriented
investigation of human diseases.

 The integration of proteomics data with network analysis contributes to the
characterization of perturbed molecular machines (metabolic clusters) in relation
to physio-pathological states, and it increases our knowledge of molecular
mechanisms (endotypes).

 Urine is an excellent source of potential biomarkers due to safety of the collection
procedure.

These high throughput technologies are contributing to realize the
Clinical Proteomics approach, translating basic research to real-life
and transforming medicine from evidence-based to personalized
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