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

Collaborative international study:

* AIEOP - AML2002/01, 2013/01, Italy

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

N=348
* BFM - AML Study 98, AML Study 04, AML Study 12, AML Register 12, N169 pediatric
AML Register 17, Gemany-Essen - patients
 DCOG - DB-AMLO1, Holland-Utrecht harboring
NPM1
* ELAMO2 - France-Lille mutations

* CCG/COG AML trials- CCG-2961, AAMLO3P1, AAMLO531 and AAML1031, US N=224

+ patients of SWOG young adult AML trial (S0106), US N=75



Probability of Survival

1.001

NPM1 by Type (EFS)

0.754

0.504

0.254

0.00 . p=0.209?
0 2 3 4 5

n=12

1X

AIEOP NOPHO

Probability of Survival

CONGRESSO
NAZIONALE

BFM

n=45

1.001

0.75+4

0.50+4

0.25+

0.00

DCOG

n=25

NPM1 by Type (OS)

099

AIEOP :-iicr 2024,
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Tregnago C et al. JCO under Revision
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Multivariate analysis

os HR (95% CI for HR) p-value
age (>10 vs <10years) 1.70 (0.83-3.4) ns
WBC (>100x10° /I vs <100x10° /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° /I vs <100x10° /I) 2.30 (1.4-3.7) 0.00091
NPM1 Type (D vs non-D) 2.00 (1-3.7) 0.036
FLT3-ITD (yesvs no) 1.20 (0.77-1.7) ns

NPM1 type D is an
independent prognostic
factor

Tregnago C et al. JCO under Revision
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Evaluation of clinical parameters: HSCT and MRD

HSCT MR (COG and AIEOP cohorts)
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Multivariate analysis — patients with HSCT

oS HR (95% Cl for HR) p-value
age (>10 vs <10years) 2.4 (0.78.2) ns
WBC (>100x10° /I vs <100x10° /I) 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
oS HR (95% CI for HR) p-value
MRD at EOI (Yes vs No) 1.46 (0.58-3.7) ns
NPMZ1 Type (D vs non-D) 433 (1.71-10.95) 0.002

Tregnago C et al. JCO under Revision
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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
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0, 0, [v) 0,
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Tregnago C et al. JCO under Revision
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ONCOPRINT ANALYSIS
(COG cohort data)

wewt_Genotype N0 A Fﬁg;g:
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NPM1 type A and D variants are synonymous ->

nature communications

Explore content ¥ About the journal v Publish with us v

nature » nature communications > articles > article

383 [ 889 890 891 [892 893 894 | 895 896 897 | 898 899 900 |

nucleotides 859 860 861 | 862 863 864 865 86
Wild type G A T1C T CRT 9 Aticle ‘ Open access ‘ Published: 12 June 2019
Type A G A T|c T CcQBT G TTTAAGAAAA-
Type D s » 1|c 1 clr dApan-canceranalysis of synonymous mutations Tlror o oala e a4
aa [ 286 [ 287 284 ) ) o ) . . 296 [ 297 I 298 [ 299 |
Wild type o L ‘M Yogita Sharma, Milad Miladi, Sandeep Dukare, Karine Boulay, Maiwen Caudron-Herger, Matthias GroB, Rolf
: i Backofen & Sven Diederichs & L R K
nature reviews genetics ackoen & Sven Diederichs L " -

Explore content v

About the journal v

Nature Communications 10, Article number: 2569 (2019) ‘ Cite this article

Publish wit

Annu Rev Biochem. 2021 June 20; 90: 375-401. doi:10.1146/annurev-biochem-071320-112701.

nature > nature reviews genetics > research highlights > article

Research Highlight ‘ Published: February 2007

Genetic variation

Synonymous mutations break their silence

Patrick Goymer

Nature Reviews Genetics 8, 92 (2007) | Cite this article

Synonymous but not Silent: The Codon Usage Code for Gene
Expression and Protein Folding
Yi Liu, Qian Yang, Fangzhou Zhao

Department of Physiology, University of Texas Southwestern Medical Center, Dallas, Texas
75390-9040, USA;

Tregnago C et al. JCO under Revision
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The relative synonymous codon usage: )
TGC codon is more frequent than TGT BIOLOGICS

International Corp

relative frequency
GZ:::I e codon amino acid | fraction [synonymous|rscu weight per (number) No tRNA for TGT-
P codon usage thousand Type A codon
1 s %5 ‘*74, type A TGT C 0.46 0.91 0.84 10.6 (430311) ~ inhumans!!
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Primary sample analysis

mRNA: qPCR for
mutant NPM1
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Protein:

immunofluorescence

with NPM1 mutant-
specific antibody

In vitro validation: EGrP-NPMitypeA or EGFP-NPM1typeD plasmids
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Gene expression by RNAseq
(COG data)
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| CONCLUSION

1. NPMI1 type D is associated with a significant inferior outcome

NPM1 type D subgroup =2 to be considered for further high-risk
stratification criteria

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

3. NPM1 type D gene expression shows increased mitochondrial features

Exploring future therapeutic approaches aimed at degradation of
mutant NPM1 or mitochondrial targeting
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Pathway Enrichment Analysis
(based on the 128 over-represented genes in D vs other NPM1)

.
Cellular component Molecular function
mitochondrial matrix | @ electron fransfer activity | &
itochondrial _ oxidoreductase activity,
pmtein—l:mtairl!l}ng complex | . ammﬁ?%?ﬁ%ﬁaﬂ' . Count
acceptor
mitochondrial inner membrane- . C:m: C-acyltransferase activity- . ® 30
& 25
i ftochondrial membra L B .
inner mi Ol prr:ge'mm ne | ® . 2 NAD binding- . : ::
oxidoreductase complex- ] . 10 peroxidase activity- [ ] . 50
organellar ribosome{ @@ p.adjust acling oo horoute a e ® paust
mitochondrial ribosome- ® ooz hydro-lyase activity- [ ] 0015
0 0010
respiratory chain complex- | ] fatty-acyl-CoA binding{ ® 0005
nellar small ribosomal I
orga m euburit] ® fatty acid derivative binding| &
mitochondrial smal | o acyl-CoA binding| @
0.04 008 012 0.030 0035 0.040 0.045
GeneRatio GeneRatio

-> type D AML have an exacerbated mitochondrial feature

Tregnago C et al. JCO under Revision
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MRD in EOI
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In vitro validation: mRNA stability after Actinomycin D treatment
(transcription inhibitor)
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EGFP-NPM1typeA or
EGFP-NPM1typeD
plasmids transfection
on HEK293T cells
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In vitro validation: NPM1 type A vs type D expression
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Evaluation of clinical parameters: HSCT
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— Type D, HSCT (n=10)

— Type non-D, HSCT (n=101)

-+ Type D, no HSCT (n=15)

-- Type non-D, no HSCT (n=214)

Multivariate analysis — patients with HSCT

os
age (>10 vs <10years)
WBC (>100x10° /I vs <100x10° /)
NPM1 Type (D vs non-D)
FLT3-ITD (yesvs no)

HR (95% CI for HR) p-value
2.4 (0.78.2) ns
1.6 (0.55-4.5) ns
3.7 (1.2-11) 0.022
4,00 (1.2-14) 0.027

Tregnago C et al. JCO under Revision
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os HR (95% ClI for HR) | p-value
age (>10 vs <10years) 1.70 (0.83-3.4) ns
WBC (>100x10° /I vs <100x109/1) 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° /I 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
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Evaluation of clinical parameters: MRD (COG and AIEOP cohorts)
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Multivariate analysis
(0} HR (95% Cl 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

Tregnago C et al. JCO under Revision
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Is D-type optimal codon controlling
mRNA and protein levels?

Primary sample analysis

NPM1 type A vs type D protein
expression:

Immunofluorescence with
NPM1 mutant-specific
antibody

NPM

NPM1 type A

NPM1type D




