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Il sottoscritto  Tregnago Claudia

ai sensi dell’art. 3.3 sul Conflitto di Interessi, pag. 17 del Reg. Applicativo dell’Accordo Stato-

Regione del 5 novembre 2009,

dichiara

X che negli ultimi due anni NON ha avuto rapporti diretti di finanziamento con soggetti 

portatori di interessi commerciali in campo sanitario

❏ che negli ultimi due anni ha avuto rapporti diretti di finanziamento con i seguenti soggetti 

portatori di interessi commerciali in campo sanitario:

- ……………………….

- ……………………….
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frameshift

Modify from Falini B et al, Leukemia 2009 – Blood 2020

NPM1 gene

NPM1 protein:



Collaborative international study:

• AIEOP - AML2002/01, 2013/01, Italy

• NOPHO - AML 2004 and AML 2012, Denmark-Aarhus, Sweden-Gothenburg

• BFM - AML Study 98, AML Study 04, AML Study 12, AML Register 12,          
AML Register 17, Gemany-Essen

• DCOG - DB-AML01, Holland-Utrecht 

• ELAM02 - France-Lille

• CCG/COG AML trials- CCG-2961, AAML03P1, AAML0531 and AAML1031, US N=224

+ patients of SWOG young adult AML trial (S0106), US

N=169

N=75

N=348 
pediatric 
patients 
harboring 
NPM1 
mutations

Are the diverse NPM1 genotypes associated with 
different patient survival in AML?
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Multivariate analysis

NPM1 type D is an 
independent prognostic

factor

OS HR (95% CI for HR) p-value

age  (>10 vs <10years)    1.70 (0.83-3.4) ns

WBC (>100x10 9 /l vs <100x10 9 /l) 2.00 (0.99-3.9) ns

NPM1 Type (D vs non-D) 3.00 (1.4-6.4) 0.005

FLT3-ITD  (yes vs no) 2.10 (1.2-3.7) 0.013

EFS age  (>10 vs <10years)    1.10  (0.69-1.7) ns

WBC (>100x10 9 /l vs <100x10 9 /l) 2.30 (1.4-3.7) 0.00091

NPM1 Type (D vs non-D) 2.00 (1-3.7) 0.036

FLT3-ITD  (yes vs no) 1.20 (0.77-1.7)  ns

Tregnago C et al. JCO under Revision



Evaluation of clinical parameters: HSCT and MRD
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(COG and AIEOP cohorts)

OS HR (95% CI for HR) p-value

age  (>10 vs <10years)    2.4 (0.78.2) ns

WBC (>100x10 9 /l vs <100x10 9 /l) 1.6 (0.55-4.5) ns

NPM1 Type (D vs non-D) 3.7 (1.2-11) 0.022

FLT3-ITD  (yes vs no) 4,00 (1.2-14) 0.027

Multivariate analysis – patients with HSCT

Multivariate analysis
OS HR (95% CI for HR) p-value

MRD at EOI  (Yes vs No)    1.46 (0.58-3.7) ns

NPM1 Type (D vs non-D) 4.33 (1.71-10.95) 0.002

MRD



Evaluation of co-occurring mutations: FLT3-ITD
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NPM1 Genotype Type A Type B Type D Type A-like Type non-A-like

n (%) 222 67 29 46 27 p-value

85 (38%) 29 (43%) 12 (41%) 12 (26%) 0.29

0 (0%) <0.0001
FLT3-ITD 

138 (38%)
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ONCOPRINT ANALYSIS
(COG cohort data)
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Among different NPM1 types, NO SIGNIFICANT 
DIFFERENCES in mutations

→ In high-risk genes 
WT1, IDH1 co-occurring with FLT3-ITD or DNMT3A

→ impacting on outcome in NPM1-mutated AML 
DNMT3A, MYC and FLT3ITD+DNMT3A



NPM1 type A and D variants are synonymous →

share the same aminoacidic sequence but differ in one codon: 

TGT (in type A) to TGC (in type D) = cysteine

NPM1 NM_002520.6

nucleotides 859 860 861 862 863 864 865 866 867 868 869 870 871 872 873 874 875 876 877 878 879 880 881 882 883 884 885 886 887 888 889 890 891 892 893 894 895 896 897 898 899 900

Wild type G A T C T C T G G C A G T G G A G G A A G T C T C T T T A A

Type A G A T C T C T G T C T G G C A G T G G A G G A A G T C T C T T T A A G A A A A T A G

Type D G A T C T C T G C C T G G C A G T G G A G G A A G T C T C T T T A A G A A A A T A G

aa

Wild type

Type A

Type D V S L R K STOPD L C L A V E E

V S L R K STOP

L STOP

D L C L A V E E

298 299

D L W Q W R K S

292 293 294 295 296 297286 287 288 289 290 291

4bp ins

Tregnago C et al. JCO under Revision



codon optimality

codon pairs

tRNA abundance

mRNA secondary structure

ribosome pausing

codon frequency

Codon rules 



The frequency is higher 
the more the proteins are expressed

Mut D: optimal

codon

Wu Q et al, eLife 2019

Mut A: non-optimal codon

1

• mRNAs enriched in

‘optimal’ codons
are more stable

No tRNA for TGT-

Type A codon
in humans!!

Its recognition is mediated 

by tRNA for TGC (type D) 

that requires the G:U non-

Watson-Crick base pairing 

which is not optimal 

mediating a reduced 

translational speed.

4

Mauro VP, et al, Trends Mol Med 2014

The relative synonymous codon usage:

TGC codon is more frequent than TGT

NPM1 

Genotype
codon amino acid fraction rscu rscu weight

frequency 

per 

thousand

(number)

type A TGT C 0.46 0.91 0.84 10.6 (430311)

type D TGC C 0.54 1.09 1.00 12.6 (513028)

relative 
synonymous
codon usage

2

codon order: 

codon pairs  modulate
translation efficiency3

NPM1 

Genotype
codon 1 codon 2

pair frequency 

per thousand

    ratio       

type D/type A

type A CTC TGT 280.5

type D CTC TGC 404.8

type A TGT CTG 218.7

type D TGC CTG 513.3

Codon pair #1

Codon pair #2 2.35

1.44
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mRNA: qPCR for 
mutant NPM1

Primary sample analysis
Protein: 

immunofluorescence
with NPM1 mutant-

specific antibody

Tregnago C et al. JCO under Revision

In vitro validation: EGFP-NPM1typeA or EGFP-NPM1typeD plasmids
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Gene expression by RNAseq 
(COG data)

Tregnago C et al. JCO under Revision

All related to MITOCHONDRIA:
Vulnerability of NPM1 D

Cellular component Molecular function

Pathway Enrichment Analysis
(based on the 128 over-represented genes in D vs other NPM1) 

Unsupervised Clustering



1. NPM1 type D is associated with a significant inferior outcome

NPM1 type D subgroup → to be considered for further high-risk 
stratification criteria

CONCLUSION

Exploring future therapeutic approaches aimed at degradation of 
mutant NPM1 or mitochondrial targeting

2. type D codon confers higher RNA and protein stability and expression

3. NPM1 type D gene expression shows increased mitochondrial features
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Related to 
MITOCHONDRIA

Pathway Enrichment Analysis
(based on the 128 over-represented genes in D vs other NPM1) 

Cellular component Molecular function

→ type D AML have an exacerbated mitochondrial feature

Tregnago C et al. JCO under Revision
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mRNA protein

In vitro validation: mRNA stability after Actinomycin D treatment 
(transcription inhibitor)
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on HEK293T cells
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Evaluation of clinical parameters: HSCT
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OS HR (95% CI for HR) p-value

age  (>10 vs <10years)    2.4 (0.78.2) ns

WBC (>100x10 9 /l vs <100x10 9 /l) 1.6 (0.55-4.5) ns

NPM1 Type (D vs non-D) 3.7 (1.2-11) 0.022

FLT3-ITD  (yes vs no) 4,00 (1.2-14) 0.027

Multivariate analysis – patients with HSCT

Tregnago C et al. JCO under Revision



OS HR (95% CI for HR) p-value

age  (>10 vs <10years)    1.70 (0.83-3.4) ns

WBC (>100x10 9 /l vs <100x109/l) 2.00 (0.99-3.9) ns

NPM1 type (D vs non-D) 3.00 (1.4-6.4) 0.005

FLT3ITD 2.10 (1.2-3.7) 0.013

HSCT      0.82 (0.45-1.5)    ns

EFS age  (>10 vs <10years)    1.10  (0.69-1.7) ns

WBC (>100x10 9 /l vs <100x109/l) 2.30 (1.4-3.7) 0.001

NPM1 type (D vs non-D) 2.00 (1-3.7) 0.036

FLT3ITD 1.20 (0.77-1.7)  ns

HSCT      0.57 (0.37-0.88) 0.012

Mutated NPM1 has an impact on mitochondria, with increased mitochondrion mass and OXPHOS
Wu HC, Cancer Discovery 2021



MRD

Multivariate analysis
OS HR (95% CI for HR) p-value

MRD at EOI  (Yes vs No)    1.46 (0.58-3.7) ns

NPM1 Type (D vs non-D) 4.33 (1.71-10.95) 0.002

Evaluation of clinical parameters: MRD (COG and AIEOP cohorts)

Tregnago C et al. JCO under Revision





NPM1 type A vs type D protein

expression:

Immunofluorescence with 

NPM1 mutant-specific

antibody

Primary sample analysis

Protein 
expression

Is D-type optimal codon controlling
mRNA and protein levels?


