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Ø Management Committee of Cost Actions 
v European kidney and urine proteomics (www.eurokup.org) 
v Mass Spectrometry Imaging: New Tools for Healthcare Research 
v CliniMARK: ‘good biomarker practice’ to increase the number of 

clinically validated biomarkers.  
Ø Rete Nazionale per lo studio del Proteoma Umano (IHPNet) 
Ø Collaboration with Mass Spectrometry companies 
 



Spettrometri di massa: Funzionamento 

1.  SORGENTE IONICA: Ogni composto, puro o in  miscela, 
(liquido, solido o gassoso) viene introdotto in una camera dove 
avviene il passaggio allo stato gassoso e la ionizzazione 

2.  ANALIZZATORE: Gli ioni prodotti, che si trovano in fase 
gassosa, vengono separati dall’analizzatore in base al rapporto 
m/z 

3.  RIVELATORE: Nel rivelatore viene generato un segnale 
elettrico proporzionale al numero di ioni presenti 

Introduzione     Sorgente ionica  Analizzatore  Rivelatore 

+ + + 



Informazioni ottenibili con la SM 

ü Massa molecolare con una accuratezza di 1-3 ppm 
 (conferma formula molecolare)   

ü La composizione qualitativa e quantitativa di analiti 
sia organici che  inorganici in miscele complesse. 

ü La struttura di specie molecolari complesse: 
conferma e/o identificazione di molecole note o 
sconosciute. 

ü I rapporti isotopici degli atomi nei campioni. 



Campi di applicazione della SM  
•Biotechnology: the analysis of proteins, peptides, 

 oligonucleotides,… 

•Pharmaceutical: drug discovery, combinatorial chemistry, 
 pharmacokinetics, drug metabolism,… 

•Clinical: neonatal screening, haemoglobin analysis, drug 
 testing, microbiology, … 

•Environmental: PAHs, PCBs, water quality, food 
 contamination,… 

•Geological: oil composition,… 



SPETTROMETRO DI MASSA 

X 
Sistema di introduzione 

 
DI  GC   HPLC CE …. 

A 
Sorgente ionica 

 
EI  CI  ESI APCI 

 
 MALDI ……….. 

B 
Analizzatore 

Magnetico 
Quadrupolare 
IT (Ion Trap) : 3D – 2D 
ICR (Ion Cyclotron Resonance) 

TOF (Time of Flight) 
Orbitrap 
…. 

C 
Rivelatore 

EM - FM 

X - come “introdurre” il campione 
A - come “produrre” ioni 
B - come “separare” questi ioni 
C - come “visualizzare” gli ioni 

COMPUTER 

Sistema da vuoto 



MALDI-TOF: How’s It Work? 

Pulsed laser 

Ions separation: 
TOF 

Time 

Ions formation: 
MALDI 



MALDI: Matrix Assisted Laser Desorption Ionization 
Sinapinic acid 

 (3,5-Dimethoxy-4-hydroxy cinnamic acid) 

HO

CH
3
O

CH
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CH CHCOOH

α-cyano-4-hydroxycinnamic acid 

HO

CH C(CN)COOH

•  Sample mixed with a strong UV 
absorbing matrix  

•  The matrix absorbs energy from 
the laser causing the sample and 
matrix to be volatilized 

•  Ionized matrix molecules transfer a 
proton to the sample 
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ToF: Time-of-Flight 

TOF = D [ (m/z) / (2eV )]  1/2 

Sample 

time 

m
V

 

Detector 
acceleration drift 

+ + + + 

Δ	V 

+ 
+ 

+ 

Time versus Mass 

D 
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Spettro di Massa 
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v  Proteomica classica:  

 Protein identification. 
   

v  Proteins/Peptides profiling: 
 Biological Fluids: SELDI – ClinProt – Sep-pak - … 
 Microorganism identification 

v  Imaging con Spettrometria di Massa 

MALDI-TOF in Proteomica clinica 



Tripsina: 
Lys, Arg 

S 

S 

 m/z     Intens.   
   824.478     2122.39   
   842.504     1293.31   
   940.328    26750.83   
   947.487     1837.60   
  1293.649     1323.95   
  1376.528      877.15   
  1448.721     2550.85   
  1544.626     1001.62   
  1790.921      580.69   
  1877.937      418.26   
  1907.895      742.16   
  2211.220      630.93   
  2225.172      465.53   
  2355.091      835.77   
  2528.241     3874.78   
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PMF: Protein indentification by Database search 
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PMF: results 



MALDI-TOF/TOF: 
 

Identification of the aminoacid sequence 
and PTMs 



Push W et al. Mass spectrometry-based clinical proteomics. Pharmacogenomics.Vol. 4, No. 4 

Selector: “Ion 
Gate” attivo 





v  Proteomica classica:  
Peptide Mass Fingerprinting 

   

v Proteins/Peptides profiling: 
 Biological Fluids: SELDI – ClinProt – Sep-pak - …. 
 Microorganisms identification 
 …. 

v  Imaging con Spettrometria di Massa 

MALDI-TOF in Proteomica clinica 



 
Protein profiling ???  approaches: 
Microorganisms but not only… 



MILANO 

Como 

Lecco 



Resegone 

Grignetta & Grigna 

Colle Valsecchi 

Cresta Segantini 

Torrione Masnaghi 



Ricerca di Marcatori proteici 

Wash 

Analisi in  

Spettrometria di Massa 

Bind 

Separation 



CONTROLS AVERAGE SPECTRUM 

ccRCC PATIENTS AVERAGE SPECTRUM 

non-ccRCC PATIENTS AVERAGE SPECTRUM 

101 detected signals 
40 statistically different 

(p < 0.05) 

Urinary signatures of  RCC by peptidomic approaches  



Malign vs Benign/Ctrl (Model = 12 peptides) 
TRAINING   true False  true True  class precision 
pred. False   120   17   87.6%a 

pred. True   33   120   78.4%b 

Spec., Sens.   78.40% 87.60%  
    

VALIDATION  true False  true True  class precision 
pred. False   53   13   80.3%a 

pred. True   8   42   84.0%b 

Spec., Sens.   86.90% 76.40%  

Spec. = Specificity; Sens. = Sensibility; pred. = Prediction;  
Class precision: a = Negative Predictive Value and b =Positive Predictive Value 
Precision = Relative number of correctly as positive classified examples among all examples classified as 
positive i.e. precision=(Positives Correctly Classified)/(Total Predicted Positives). Note that the Total Predicted 
Positives is the sum of True Positives and False Positives. This is the same as the positive predictive value 



Meprin 1α (MEP1A):  
 Expressed in several different tumors, as in breast and   
 colonrectal carcinomas.  
 Increased cell proliferation and cell migration, pro-    
 angiogenic activity  
 Complex role of meprins in cancer development,    
 progression and metastasis 

Probable G-protein coupled receptor 162 (GP162)  
 Associated with several functions largely correlated to   
 cancer such as cell proliferation, angiogenesis,   
 tumor progression and development 

Osteopontin (OSTP) 
 Role in tumour progression, strongly correlated to tumour 
   stages and invasiveness   
 Found a high expression in 72% of tissue of RCC patients 



v  Proteomica classica:  
Peptide Mass Fingerprinting 

   
v  Proteins/Peptides profiling: 

 Biological Fluids: SELDI – ClinProt – Sep-pak - … 
 Microorganism identification 
 …. 

v Imaging con MALDI-TOF  
  Mass SpectrometryImaging (MSI) 

MALDI-TOF in Proteomica clinica 



m/z 2917.042 +/- 0.25Da 

Matrix-Assisted Laser Desorption/Ionization  
Mass Spectrometry Imaging (MALDI-MSI) 

Matrix deposition 

Molecular image 
reconstruction 

Tissue section 
onto ITO-coated 

glass slide 

Automatic 
acquisition of 

spectra for 
each (x,y) 
position 

Overlay images 
computation 

m/z 1801.234 +/- 0.25 Da m/z 944.569 +/- 0.25Da   
m/z 1336.808 +/- 0.25Da  

Image-related 
statistical analysis 

MS analysis 

Myelin Basic Protein: fragment m/z 
1131.569 +/- 0.25Da  

Molecular and 
histological information 

integration 



MASS SPECTROMETRY 
IMAGING  
Janus Bifrons 

Profiling Imaging 



PROFILING RESULTS…. 



IMAGING RESULTS 



MS-Imaging 

Large pixel size 

>100 µm 
Small Pixels size 

50-100 µm 

 

Very small Pixel size 
<10-20 µm 

LOW HIGH SPATIAL RESOLUTION 

MATRIX 

IMAGING PROFILING 

A 

B 

C 

Find discriminatory patterns Proteins/peptides spatial distribution 



MASS SPECTROMETRY 
IMAGING  

Janus Bifrons 

Mass  
resolution 

Spatial  
resolution 



MSI resolution: Mass Resolution 



MSI resolution: Spatial resolution 

Higher (spatial) resolution =  Better information details from the object 

F.Magni -  Master La scoperta di nuovi farmaci 



MSI: Spatial resolution 

Chem Rev. 2013 April 10; 113(4): 2309–2342. 



Novelties 

20 µm  10 µm  5 µm  

Tissue integrity preserved ü Spatial Resolution: 

  pixel size 5-10 µm = size of a single cell 

Higher (spatial) resolution = Better information details from the object 

SINGLE CELL IMAGE DEFINITION 

H&E 5µm 

NB: decreasing the Spatial Resolution decreases the LOD 



Terapia	neoadiuvante	preoperatoria	condo/a	con		
Paclitaxel	+	radioterapia:	
	
-	Pazien7	con	risposta	completa	(pCR)	
-	Pazien7	che	non	rispondono	alla	terapia	(NR)	

Tumors: therapy resistance 



PROFILING	RESULTS	



α-defensine:	pep7di	ad	effe/o	citotossico		coinvol7	nel	processo	di	difesa	mediato	dai	
neutrofili	

POTENZIALI	MARKER	PROGNOSTICI	–	RISPOSTA	AL	TRATTAMENTO	
F.Magni -  Master La scoperta di nuovi 

farmaci 

MALDI-MS	imaging	of	the	enEre	
Essue	secEon	
	
DEFA1	and	DEFA2	were	present	in	
both	tumor	and	stroma	of	pCR	
pa7ents		but	absent	in	NR	
pa7ents		
	
DEFAs	were	in	areas	of	tumor,	
sugges7ng	that	DEFAs	are	
specifically	expressed	in	tumor	
cells	or	surrounding	stroma.	



Nefrologia: MSI  & Glomerulonefriti 

Spatial resolution: from 50µm to 10µm 



50 µm Raster 

50 µm Raster 

50 µm Raster 

50 µm Raster 

Spatial resolution: from 50µm to 10µm 



Mesangial cells 

Podocytes cells 

Spatial resolution: from 50µm to 10µm 

50µm: not possible 
to distinguish cell-
specific signals 

10µm: clear cell-
specific signals  able 
t o d i f f e r e n t i a t e 
M e s a n g i a l f r o m 
Podocytes cells 



Spatial resolution: from 50µm to 10µm 



Spatial resolution: from 50µm to 10µm 



Thank	you	


