
Valutazione MRD: Biologia Molecolare 
A.Santoro 



Prognostic factor in ALL  









ALL  Rete siciliana 2011-2015 
(170 pts)  

BCR/ABL

MLL/AF4

EA2/PBX1

NO	
  MARKER

IKAROS

TEL/AML1



FUSION GENE TRANSCRIPTS 
MINIMAL RESIDUAL DISEASE 

 





IGH/TCR JUNCTIONAL REGION 
MINIMAL RESIDUAL DISEASE 

 



ALL  Rete siciliana 2011-2015 
(170 pts)  

BCR/ABL

MLL/AF4

EA2/PBX1

IGH/TCR

NO	
  MARKER

IKAROS

TEL/AML1





MRD Detection in ALL Patients 

RQ-PCR sensitivity testing: 
Design of allele-specific oligonucleotide primers 

RQ-PCR analysis of dilution series of diagnostic sample 
RQ-PCR data interpretation: quantitative range and sensitivity 

Guidelines ESG-MRD-ALL 

MRD analysis of follow-up samples 
Control gene RQ-PCR analysis 

MRD-PCR target RQ-PCR analysis 
RQ-PCR MRD data interpretation 

Guidelines ESG-MRD-ALL 

Detection and selection of clonal Ig/TCR 
gene rearrangements at diagnosis: 

Ig/TCR PCR 
Sequencing of clonal rearrangements 

Sequence interpretation 
Selection of MRD-PCR targets 

Guidelines BIOMED 
 



Analisi mediante PCR del riarrangiamento del locus IgH 
BIOMED-2 Concerted Action 2003 
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IGH VH-JH 
IGH DH-JH 
IGK-Kde 
TCRB VB-JB 
TCRB DB-JB 
TCRG 
TCRD V-D-J 
TCRD V-D 
TCRD D-J 
TCRD D-D 
 
 
 



PCR QUANTITATIVA (Q-PCR) - ASO PRIMER  

VH DH JH 
N1 N2 

CDRIII 

JH primer  ASO primer 

5' 3' 

JH TaqMan sonda  

VH2-70*11 D2-2*03 JH6*03 99,6% 
CCCCAGGGCAGGGTCACCGACGACCACCTGTCTGGTCCTACGCTGGTGAAACCCACACAGACCCTCACACTGACCTGCACCTTCTCTGGG
TTCTCACTCAGCACTAGTGGAATGTGTGTGAGCTGGATCCGTCAGCCCCCAGGGAAGGCCCTGGAGTGGCTTGCACGCATTGATTGGGATG
ATGATAAATACTACAGCACATCTCTGAAGACCAGGCTCACCATCTCCAAGGACACCTCCAAAAACCAGGTGGTCCTTACAATGACCAACATG
GACCCTGTGGACACAGCCACGTATTACTGTGCACGGTTCCACTAGGTATATTGTAGTAGTACCAGCTGCCCCTGGGGTCCCCCTACTACTAC
TACTACTACATGGACGTCTGGGGCAAAGGGACCACGGTCACCGTCTCCTCAGGTAAGA 



IGH 

TRB 



Quantitative Range: Precisione dei replicati / Separazione dal background 
Sensibilità: Separazione dal background  



Ricerca e selezione  del marcatore all’esordio 



Il doppio marcatore 



	
  	
  1x10E-­‐3	
   	
  	
  	
  5x10E-­‐4	
   	
  	
  1x10E-­‐4	
   	
  1x10E-­‐5	
  

Sensibilità	
   100%	
   95%	
   85%	
   	
  	
  60%	
  

Quan:ta:ve	
  Range	
   	
  	
  	
  100%	
  	
   	
  	
  	
  	
  	
  	
  85%	
   	
  	
  60%	
  	
   	
  	
  	
  	
  5%	
  

LAL	
  rete	
  Siciliana	
  :	
  MRD	
  data	
  	
  
(80	
  Pa:ents/	
  8	
  Centers)	
  

BCR/ABL

MLL/AF4

EA2/PBX1

IGH/TCR

NO	
  MARKER

IKAROS

TEL/AML1

500 MRD  DETECTION TEST 



GIMEMA	
  LAL	
  1913:	
  MRD	
  data	
  

Roma	
  Lab	
  	
  	
  	
  
(Della	
  Starza)	
  

Palermo	
  Lab	
  
(Santoro)	
  

Bergamo	
  Lab	
  
(Spinelli/Tosi)	
  

	
  
Total	
  

Case	
  no.*	
   42	
   37	
   36	
   113	
  
Center	
  no.	
   19	
   15	
   11	
   35	
  
Cases	
  per	
  
center,	
  median	
  
(range)	
  

2	
  (1-­‐7)	
   1.5	
  (1-­‐4)	
   3	
  (1-­‐7)	
   2.8	
  (1-­‐7)	
  

MRD	
  probe(s),	
  
no.	
  (%)	
  

30	
  (71.5)	
   35	
  (94)	
   31	
  (86)	
   96	
  (85)	
  

*pa:ent-­‐specific	
  samples	
  
	
  	
  received	
  for	
  MRD	
  analysis	
  



IKAROS 



2009	
  







 
Next Generation Sequencing  

	
  



DIVERSE TECNOLOGIE 
•  Ion torrent  •  Genome analyzer Illumina 

•  454 Roche 
tecnology 



1- Screening  
IGH -DH 
IGK-Kde 
TRB 
TRG 
TRD 

Disegno e verifica ASO primer 
 

Amplificazione 
specifica con 
metodologia TaqMan 

2-MRD 
Detection 

Marker A 
MarkerB  

Approccio “Standard” 
BIOMED 2-RQPCR Approccio 

“NGS” 

1-Screening  

IGH -DH 
IGK-Kde 
TRB 
TRG 
TRD 

3-MRD 
Detection 

2- 





Huang Y at al.  Bioinformatics, 2010(26): 680-682 

Cluster >5%  
Cluster 0, No. sequences: 17822 
 Representative: I6JKX5O01CVONS 
>I6JKX5O01CVONS length=545 
xy=1063_3590   
 



AMPLICONI  

SENSIBILITA’  

NGS 70.000- 100.000 SEQUENZE  

100000 Seq X amplicone  

Screening dei cloni  NGS MRD DETECTION 

1  100  

 0.00001%   1%  

1000 Seq X amplicone  





CD-HIT-EST-2D 

NGS MRD12/12986 
0.9x10E-3 



	
  Sensibilità	
   	
  	
  	
  QR	
   	
  	
  MRD	
  	
  TP1	
   MRD	
  	
  TP2	
  
	
  

VH6-­‐1*01	
  	
  EURO-­‐MRD	
   1x10E-­‐5	
   1x10E-­‐4	
   1x10E-­‐3	
  

VH6-­‐1*01	
  	
  NGS-­‐MRD	
   1x10E-­‐4	
   1x10E-­‐4	
  	
  	
  	
  	
  	
  	
  	
  0.9x10E-­‐4	
  

VH3-­‐30-­‐3*01	
  	
  EURO-­‐MRD	
  
	
  

1x10E-­‐5	
   1x10E-­‐4	
   5x10E-­‐4	
   2x10E-­‐4	
  

VH3-­‐30-­‐3*01	
  	
  NGS-­‐MRD	
   5x10E-­‐5	
   5x10E-­‐5	
   1x10E-­‐4	
   1x10E-­‐4	
  
TRG	
  V8*01	
  EURO-­‐MRD	
   1x10E-­‐5	
   1x10E-­‐4	
   5x10E-­‐4	
   2x10E-­‐4	
  

TRG	
  V8*01	
  NGS-­‐MRD	
   5x10E-­‐5	
   5x10E-­‐5	
   3x10E-­‐4	
   3x10E-­‐4	
  

 
EURO-MRD vs NGS-MRD  

	
  





NGS-MRD QC29 


