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Mutational Frequency and Age
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1. cardiovascular risk

17 persons 
aged between 
100-108
5 with a 
mutation



Somatic Mutations

• Most frequently mutated genes:

• DNMT3A

• TET2

• ASXL1

• TP53

• JAK2

• SF3B1

• The majority of pts (693 of 746) have only 1 mutation

• consistent with the hypothesis that these persons had clones that 
harbor only initiating lesions 

1. cardiovascular risk
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1. cardiovascular risk

TET2

• TET2
• the first gene reported to exhibit somatic mutations in blood cells in individual 

with clonal hematopoiesis and w/o hematological malignancies

• is frequently mutated in myeloid malignancies (MDS,  AML, CMML)

• Tet2: epigenetic regulatory enzyme

• Oxidation of 5-methylcytosine (5mC) in DNA in 5-hydroxymethylcytosine (5hmC)

• Non catalytic f(x)s

• Role in the self renewal of the 
hematopoietic stem cell

• Role in CVD unexplored

TET2: epigenetic safeguard for HSC, Myunggon Ko, Blood 2011
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1. cardiovascular risk

To sum up

• Tet2 deficiency induce clonal hematopoiesis in 
mice
• That is associated with increased atherosclerotic 

plaque size
• Tet2 deficient macrophages produce more IL-1!

due to NLRP3 inflammasome pathway
• NLRP3 inflammasome inhibitor reduce the size of 

the plaque (new therapeutic target?)
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FBXW7

• CAVE: Mutation seen also by Jaiswal et al in Age-related 
Clonal Hematopoiesis Associated with Adverse Outcomes  
[NEJM 2014] from supplementary
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FBXW7
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2. Centenarians

• Ubiquitin ligase of F-box protein family

• In mouse models, FBXW7 functions as 
a tumour suppressor by 
ubiquitylating growth-promoting 
substrates, but this role is cell type 
specific. 

• In B cell lineages, FBXW7 actually has a 
pro-survival role by mediating the 
degradation of p100, an inhibitor of 
nuclear factor-κB (NF-κB) signalling

Mechanisms and function of substrate recruitment by F-box 
proteins, 
Jeffrey R. Skaar, Nature Reviews Molecular Cell Biology 2013









New chal lenges in eva luat ing anemia in 
o lder persons in the era of molecular 

test ing [D Steensma, ASH 2016]

• Presence of somatic mutation provides evidence of 
clonal hematopoiesis and may support diagnosis of 
MDS (also when there is a non-diagnostic bone 
marrow nor classical cytogenetic alterations)

3. MDS and anemia in the elderly

3. Clonal hematopoiesis: MDS and anemia in the elderly
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Anemia in older persons

• NHANES III (1988 –1994): 11% of men and 10.2 % of women 
older than 65 years old were anemic

• Leading causes:

• Nutritional deficiency (Iron, B12, folate)

• Inflammation (driven by hepcidin)

• Erythropoietin (EPO) deficiency caused by chronic kidney disease 
(when EGFR falls below 40 mL/min)

• Anemia itself is a risk factor associated with many 
complications including geriatric health problems such as

• frailty, 

• cognitive dysfunction 

• falls
12

3. MDS and anemia in the elderly



Unexplained Anemia

• Unexplained anemia mechanisms proposed: 

• low testosterone

• Progressive stem cells dysfunction

• Acquired resistance to EPO

• NEW ENTITIES:

• ICUS: idiopathic cytopenia of undetermined significance

• CCUS: clonal cytopenia of undetermined significance

• CHIP: clonal hematopoiesis of indeterminate potential
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MDS and CHIP: what’s the 
difference
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Recurrent mutation groups in secondary ( MDS)  
and de novo  AML:

distinct functional groups or pathways 

Carolyn S. Grove, and George S. Vassiliou Dis. Model. Mech. 2014;7:941-951



ABL1 CEBPA HRAS MYD88 SF3B1

ASXL1 CSF3R IDH1 NOTCH1 SMC1A

ATRX CUX1 IDH2 NPM1 SMC3

BCOR DNMT3A IKZF1 NRAS SRFS2

BCORL1 ETV6/TEL JAK2 PDGFRA STAG2

BRAF EZH2 JAK3 PHF6 TET2

CALR FBXW7 KDM6A PTEN TP53

CBL FLT3 KIT PTPN11 U2AF1

CBLB GATA1 KRAS RAD21 WT1

CBLC GATA2 MLL RUNX1 ZRSR2

CDKN2A GNAS MPL SETBP1

AG120
AG221

Idasanutlin
DecitabineAzacitidine

Decitabine

Actionable molecular targets in MDS …



Healthcare Alliance for Resourceful Medicines Offensive against
Neoplasms in HematologY

Action Acronym: HARMONY



Myeloid pannel and MRD assessment
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DNAdemethylation

Prensner & Chinnaiyan. Nature Med 2011;17:291-3
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Isocitrate Dehydrogenase (IDH)

Schoofs et al. Leukemia 2014;28:1-14



Alterazioni citogenetiche e SMD

Le Beau 2005

Difetti dei 
cromosomi 5 e/o 7

Bilanciate 
t(3;21)(q26;q21)
inv(3)(q21;q26)
t(11;16)(q23;p13.3)
t(1;3)(p36.3;q21.1)
t(2;11)(p21;q23)
t(6;9)(p23;q34)

Normale

Altre sbilanciate 
-17/17p-
der/del(11q)
del(12p)
del(13q)/ -13 
iso17q
del(9q)
Trisomia 8
Del20q
Monosomia Y
Trisomia 11
Trisomia 21

BilanciateNormale

Difetti dei 
cromosomi 5 e/o 7

Altre sbilanciate

SMD de novo SMD secondary



Alterazioni cromosomiche e rischio

favorevole sfavorevoleintermedio

Normale

5q-

20q-

-Y

Alterazioni 
singole o 
doppie

Trisomia 8

Complesso

-7/7q-



Disease Blood findings Bone marrow findings

Refractory cytopenia with 
unilineage dysplasia (RCUD):

Unicytopenia or 
bicytopenia* 

No or rare blasts (<1%)

Unilineage dysplasia:   10% of the cells in one 
myeloid lineage, <5% blasts, <15% of erythroid 
precursors are ring sideroblasts

Refractory anemia with ringed 
sideroblasts (RARS)

Anemia, no blasts. Erythroid dysplasia only, < 5% blasts, ≥15% ringed 
sideroblasts. 

Refractory cytopenia with 
multilineage dysplasia (RCMD)

Cytopenia(s), no or rare 
blasts (<1%), no Auer 
roads, <1x109/L 
monocytes.

Dysplasia in 10% of the cells in 2 myeloid lineages 
(neutrophil and/or erythroid precursors and/or 
megakaryocytes), <5% blasts in marrow 
No Auer rods, �15% ring sideroblasts 

Refractory anemia with excess 
blasts-1 (RAEB-1)

Cytopenia(s), <5% 
blasts, no Auer roads, 
<1x 109/L monocytes.

Unilineage or multilineage dysplasia, 5-9% blasts, 
no Auer roads.

Refractory anemia with excess 
blasts-2 (RAEB-2)

Cytopenia(s), 5-19% 
blasts, Auer roads �, 
<1x109/L monocytes.

Unilineage or multilineage dysplasia, 10-19% 
blasts, Auer roads ±.

Myelodysplastic syndrome, 
unclassified (MDS-U)

Cytopenias, <1% blasts, 
no Auer roads.

Unequivocal dysplasia in <10% of cells in one or 
more myeloid lineages when accompanied by a 
cytogenetic abnormality considered as presumptive 
evidence for a diagnosis of MDS, <5% blasts

MDS associated with isolated 
del(5q)

Anemia, normal or 
increased platelet count, 
no or rare blasts (<1%)

Normal to increased megakaryocytes with 
hypolobated nuclei, <5% blasts, no Auer roads, 
isolated del(5q)

WHO classification of Myelodysplastic Syndromes

Blood 2008;114:937-51



• Female preponderance

• 5q- sole karyotypic 
abnormality

• Macrocytic anemia 
(MCV>100 fL)

• High platelet count

• Increased megakaryocytes 
with monolobulated nuclei

• Prolonged survival

van Den Berghe, Nature, 251, 437-438 (1974)



Delezione 5q e prognosi

La prognosi delle delezioni 5q è generalmente favorevole a meno che tali delezioni 
non si verifichino contemporaneamente ad addizionali alterazioni citogenetiche

Kantarjan H, et al. Cancer 2009 5202-9

5q- alone



5q-

Aploinsufficienza

CDR

APLOINSUFFICIENZA
per uno o più geni localizzati 
nella CDR → Riduzione del 

50% della dose genica

NO delezione biallelica o una mutazione 
puntiforme a carico della copia allelica non 
deleta → APLOINSUFFICIENZA

espansione midollare di un 
progenitore emopoietico con 
del(5q)

Genotipo-Fenotipo



Identification of RPS14 as a 5q- syndrome 
gene by RNA interference screen

Nature. 2008;451(7176):335-339

Normal progenitor cells

Blood. 2002;99:4638-4641

CDR of 5q- syndrome



Definizione della CDR

Ebert BL, Leukemia 2009; 23: 1252-1256

5q31 
CDR PROSSIMALE

5q32-33
CDR DISTALE

cytokine cluster

PP2A

CTNNA1

RSP14, SPARC

CDR: Common Deleted Region



Definizione della CDR mediante SNP array

La tecnologia degli array basati sui polimorfismi del singolo nucleotide (SNP array) fornisce 
un nuovo potente strumento per caratterizzare le alterazioni genomiche e definire le 
minime regioni comuni di delezione.

Wang L Haematologica 2008



Definizione della CDR

Ebert BL, Leukemia 2009; 23: 1252-1256

SMD ad alto rischio
o LAM

Sindrome 5q-

cytokine cluster

PP2A

CTNNA1

RSP14, SPARC

5q31 
CDR PROSSIMALE

5q32-33
CDR DISTALE



Identificazione di geni candidati

Padron E Curr Treat Options in Oncol. 2011
Ebert BL Nature 2008

x
Interferenza con RNA 
(RNAi) su 40 geni 
localizzati nella CDR in 
5q32-5q33 in colture di 
cellule CD34+ normali in 
condizioni favorenti la 
differenziazione in senso 
eritroide o 
megacariocitario

Identificazione di geni 
candidati 

Geni che provocano un blocco del 
differenziamento in senso eritroide
preservando però quello dei 
megacariociti



Il difetto funzionale delle proteine ribosomali nelle cellule staminali emopoietiche causa:
1) apoptosi, 2) una riduzione della sintesi di emoglobina e 3) alterazione della trascrizione

Aploinsufficienza ribosomiale

Padron E Curr Treat Options in Oncol. 2011

p53

APOPTOSI↓RPS14

1)



TP53 Mutations in Low-Risk Myelodysplastic 
Syndromes With del(5q) Predict Disease 

Progression 

JCO 2011;29:1971-9 



MicroRNAs in 5q- SMD

CDR

Down-espressione di 
miR-143 e miR-145 
nei pazienti con 5q-
SMD

Starczynowsk DT, Nature Medicine 16, 49 - 58 (2010)



Lenalidomide in 5q- SMD

New Engl J Med 2006; 355:1456-1465

La lenalidomide è in grado di indurre la remissione citogenetica (50%) e di 
eliminare la dipendenza dalle trasfusioni (83%) nei pazienti con SMD e del(5q)



Meccanismo di azione della Lenalidomide in 5q- SMD

Journal of Hematology & Oncology 2009, 2:36



Meccanismo di azione della Lenalidomide in 5q- SMD

Riduzione del livello di espressione dei geni
CDC25C e PP2A nelle cellule con del(5q)

Wei S et al al. PNAS 2009

G2 M

Cdc25c

CDK1-CyclinB
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+
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active inactiveCdc25c
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PP2APP2A

G2 M

Cdc25c

CDK1-CyclinB
P

Cdc25c

PP2A

active inactive

LENALIDOMIDE



Disease Molecular findings Bone marrow findings

Refractory cytopenia with 
unilineage dysplasia (RCUD)

Erythroid dysplasia only, < 5% blasts, <15% 
ringed sideroblasts.

Refractory anemia with 
ringed sideroblasts (RARS)

Erythroid dysplasia only, < 5% blasts, ≥15% 
ringed sideroblasts. 

MDS with isolated del(5q) RPS14, miR145, miR146
TP53 (leukemic evolution)

Normal to increased megakaryocytes with 
hypolobated nuclei, <5% blasts, no Auer 
roads, isolated del(5q)

Refractory cytopenia with 
multilineage dysplasia 
(RCMD-RS)

Dysplasia in ≥ 10% of cells in 2 or more 
myeloid cell lines, < 5% blasts, no Auer 
roads, <15% ringed sideroblasts.

Refractory anemia with 
excess blasts-1 (RAEB-1)

Unilineage or multilineage dysplasia, 5% to 
9% blasts, no Auer roads.

Refractory anemia with 
excess blasts-2 (RAEB-2)

Unilineage or multilineage dysplasia, 10% to 
19% blasts, occasional Auer roads.

MDS with Marrow Fibrosis Increased marrow cellularity, multilineage 
dysplasia, bone marrow fibrosis, presence 
of  clusters of CD34+ cells. 

2012 Molecular classification of MDS



Disease Blood findings Bone marrow findings

Refractory cytopenia with 
unilineage dysplasia (RCUD):

Unicytopenia or 
bicytopenia* 

No or rare blasts (<1%)

Refractory anemia with ringed 
sideroblasts (RARS)

Anemia, no blasts.

Refractory cytopenia with 
multilineage dysplasia (RCMD)

Cytopenia(s), no or rare 
blasts (<1%), no Auer 
roads, <1x109/L 
monocytes.

Refractory anemia with excess 
blasts-1 (RAEB-1)

Cytopenia(s), <5% 
blasts, no Auer roads, 
<1x 109/L monocytes.

Refractory anemia with excess 
blasts-2 (RAEB-2)

Cytopenia(s), 5-19% 
blasts, Auer roads �, 
<1x109/L monocytes.

Myelodysplastic syndrome, 
unclassified (MDS-U)

Cytopenias, <1% blasts, 
no Auer roads.

Unequivocal dysplasia in <10% of cells in one or 
more myeloid lineages when accompanied by a 
cytogenetic abnormality considered as presumptive 
evidence for a diagnosis of MDS, <5% blasts

MDS associated with isolated 
del(5q)

Anemia, normal or 
increased platelet count, 
no or rare blasts (<1%)

Normal to increased megakaryocytes with 
hypolobated nuclei, <5% blasts, no Auer roads, 
isolated del(5q)

WHO classification of Myelodysplastic Syndromes

Blood 2008;114:937-51



Survival of MDS patients according to 
transfusion-dependency

N Engl J Med 2005;352:536-8



Adapted from Cell 2009;136:701-18 
and Nature 2011;478:64-9

RNA splicing machinery 



N Engl J Med 2011; 365:1384-1395

65%



Nature. 2011 Sep 11;478(7367):64-9



Disease Molecular findings Bone marrow findings

Refractory cytopenia with 
unilineage dysplasia (RCUD)

U2AF35 Erythroid dysplasia only, < 5% blasts, <15% 
ringed sideroblasts.

Refractory anemia with 
ringed sideroblasts (RARS)

SF3B1 Erythroid dysplasia only, < 5% blasts, ≥15% 
ringed sideroblasts. 

MDS with isolated del(5q) RPS14, miR145, miR146
TP53 (leukemic evolution)

Normal to increased megakaryocytes with 
hypolobated nuclei, <5% blasts, no Auer 
roads, isolated del(5q)

Refractory cytopenia with 
multilineage dysplasia 
(RCMD)

SRSF2, U2AF35 Dysplasia in ≥ 10% of cells in 2 or more 
myeloid cell lines, < 5% blasts, no Auer 
roads, <15% ringed sideroblasts.

Refractory anemia with 
excess blasts-1 (RAEB-1)

Unilineage or multilineage dysplasia, 5% to 
9% blasts, no Auer roads.

Refractory anemia with 
excess blasts-2 (RAEB-2)

Unilineage or multilineage dysplasia, 10% to 
19% blasts, occasional Auer roads.

MDS with Marrow Fibrosis Increased marrow cellularity, multilineage 
dysplasia, bone marrow fibrosis, presence 
of  clusters of CD34+ cells. 

2012 Molecular classification of MDS



Clinical Effect of Point Mutations
in Myelodysplastic Syndromes

N Engl J Med 2011;364:2496-506

• By OncoMap screening, somatic mutations were identified in 18 genes. 

• 50.9% of samples were found to carry at least one mutation

• Most frequently mutated genes were TET2 (18%), ASXL1 (14%), RUNX1

(8%), and TP53 (7%). 



Clinical Effect of Point Mutations
in Myelodysplastic Syndromes

N Engl J Med 2011;364:2496-506



Disease Molecular findings Bone marrow findings

Refractory cytopenia with 
unilineage dysplasia (RCUD)

SRSF2, U2AF35 Erythroid dysplasia only, < 5% blasts, <15% 
ringed sideroblasts.

Refractory anemia with 
ringed sideroblasts (RARS)

SF3B1 Erythroid dysplasia only, < 5% blasts, ≥15% 
ringed sideroblasts. 

MDS with isolated del(5q) RPS14, miR145, miR146
TP53 (leukemic evolution)

Normal to increased megakaryocytes with 
hypolobated nuclei, <5% blasts, no Auer 
roads, isolated del(5q)

Refractory cytopenia with 
multilineage dysplasia 
(RCMD-RS)

SF3B1 Dysplasia in ≥ 10% of cells in 2 or more 
myeloid cell lines, < 5% blasts, no Auer 
roads, <15% ringed sideroblasts.

Refractory anemia with 
excess blasts-1 (RAEB-1)

TP53
ASXL1
RUNX1
EZH2
ETV6

Unilineage or multilineage dysplasia, 5% to 
9% blasts, no Auer roads.

Refractory anemia with 
excess blasts-2 (RAEB-2)

Unilineage or multilineage dysplasia, 10% to 
19% blasts, occasional Auer roads.

Molecular classification of MDS



Molecular pathogenesis of 
Myeloid Neoplasms
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