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Current understanding of the pathophysiology
of myelodysplastic syndromes 

Malcovati L et al. Curr Opin Oncol. 2015;27:551-9

Presenter
Presentation Notes
According our current understanding, myelodysplastic syndromes arise as a consequence of one or more somatic mutations that occur in an hematopoietic stem cell and confer to the cell a proliferative advantage, leading to expansion of a clone. Then, recirculation and migration of hematopoietic stem cells allow the myelodysplastic clone to become fully dominant in the bone marrow. And it is usually at this stage, of a largely or fully dominant hematopoietic clone, that the disease becomes clinically apparent,as a consequence of the defective differentiation and maturation of clonal progenitors and precursors resulting in peripheral cytopenia. According to current diagnostic approach, this process is captured by a combination of the evidence of myelodysplasia and the proof of clonal hematopoiesis.



Frequency of somatic mutations in MDS

Blood. 2013;122:3616-27; Leukemia. 2014;28:241-7
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Presentation Notes
In the last few years, recurrent somatic mutations have been identified in MDS patients.Four to six genes are consistently mutated in 10% or more MDS patients, including genes involved in epigenetic regulation and RNA splicing, while there is a long tail of around 40 genes that are mutated less frequently.And by combining conventional cytogenetics and mutation analysis the evidence of a clonal disorder can be obtained in up to 90% of MDS patients.



Somatic TET2 mutations in normal elderly individuals with 
nonrandom X chromosome inactivation patterns

Busque et al. Nat Genet. 2012;44:1179-81Blood 1994;83:2899-905; Blood 1996;88:59-65
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Presentation Notes
Recently, in a elegant study Busque and colleagues identified somatic TET2 mutations in a significant proportion of these individuals with skewed X-chromosome inactivation without evidence of hematological malignancy. This study provided the proof of concept that hematopoietic clones harboring an initiating driver mutation may be an aspect of the aging of the hematopoietic system, and suggested that these clones may represent a premalignant state.



Prevalence of Somatic Mutations According to Age

Data from Jaiswal et al. NEJM 2014; Genovese et al. NEJM 2014; Xie et al. Nat Med 2014
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Presentation Notes
More recently, three large studies including several thousand subjects provided consistent evidence of age-related hematopoietic clones, driven by mutations of genes that are recurrently mutated in myeloid neoplasms. These mutations were occasional in persons up to 50 years of age, but were then found in up to 10% of persons in their seventies, and in up to 20% of older persons.



NEJM 2014;371:2488-2498; NEJM 2014;371:2477-2487; Hematology 2015:299-307

Candidate drivers, number of somatic mutations and 
variant allele frequency in MDS and clonal hematopoiesis

N. of somatic mutations per person

Variant Allele Frequency (%)

Presenter
Presentation Notes
Detectable clonal expansions most frequently involved somatic mutations in three genes implicated in epigenetic regulation, DNMT3A, TET2, and ASXL1. In addition, other genes involved in myeloid neoplasms were consistently found to be mutated at a lower rate, including JAK2, SF3B1, SRSF2, TP53 and CBL. But notably, a fraction of subjects were shown to have clonal hematopoiesis without clear candidate driver mutations, suggesting that additional genes may be involved in this process.



Frequency of somatic mutations in MDS, clonal 
hematopoiesis (CHIP) and aplastic anemia (AA)

Malcovati L & Cazzola M, Hematology 2015
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Overall, if we compare mutation frequency and patterns across MDS, clonal hematopoiesis of indeterminate potential and aplastic anemia, we can clearly observe that a subset of genes is consistently mutated across these conditions, indicating that these mutations may represent an initial event of malignant transformation.However, not negligible differences in frequency can be noticed suggesting that different mutated genes may have different role in this process, and accordingly different models of clonal expansion and evolution can be outlined based on the available evidence. 



DNMT3A mutation is present in stem cells in AML at 
diagnosis and remission and has a competitive 

advantage in repopulation

Nature 2014;506:328-33; Nat Rev Cancer. 2015;15:152-65
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The first paradigm is represented by DNMT3A, which is consistently mutated across different hematologic neoplasms, including MDS, AML and MPN. DNMT3A mutations were proven to be present in stem cells in AML at diagnosis and remission and to provide the cells with a competitive advantage in repopulating bone marrow, suggesting that these mutations are likely initiating lesions driving the expansion of a preleukemic clone.



Malcovati L & Cazzola M, Hematology 2015

Model for expansion of a hematopoietic stem cell driven by 
a somatic mutation and evolution into MDS through 

subsequent mutation

Nat Rev Cancer. 2015 Mar;15(3):152-65
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Accordingly the following model can be outlined, in which the occurrence of such mutations drive the expansion of a premalignant hematopoietic clone without any hematological phenotype, and then the occurrence of additional cooperating mutations are then resulting in the transformation of the hematopoietic cell and in the expansion of a malignant clone. This second genetic event is also the determinant of disease phenotype.



MDS classified according to the unsupervised clustering 
analysis including WHO criteria and mutation patterns

Malcovati et al. Blood 2014;124:1513-1521

MDS associated 
with SF3B1
mutation

MDS associated with 
multilineage dysplasia-
mutations

(DNA methylation,
RNA splicing)

MDS with 
excess blasts

MDS not otherwise 
specified (NOS)

Presenter
Presentation Notes
Representation of unsupervised hierarchical clustering analyses including somatic mutations and current classification features according to WHO criteria within MDS without excess blasts. Diagnosis of each sample is shown by indicated colors. These analyses identified 3 main clusters: patients carrying the SF3B1 mutation, irrespective of current WHO classification criteria (MDS associated with SF3B1 mutation) (31 patients classified as RARS, 16 as RCMD-RS, 3 as RA, and 1 as RCMD according to WHO criteria) (left); patients with MD-associated mutations (mutations in genes involved in DNA methylation, splicing factors other than SF3B1, RAS pathway, and cohesin complex) classified as RCMD or SF3B1-negative RCMD-RS according to WHO criteria, as well as the 4 patients with unilineage dysplasia carrying mutation(s) in these genes (MDS with MD-associated mutations) (right); and all the patients with different mutation patterns (MDS NOS) irrespective of the presence of unilineage or MD (middle).



Clinical effect of mutations in DNA methylation 
genes in MDS associated with SF3B1 mutation

P=.015

P=ns

Malcovati et al. Blood. 2015 May 8



• 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)



Del(5q) Precedes Recurrent Driver Mutations in Low-
to Intermediate-Risk MDS

Woll et al. Cancer Cell. 2014;25:794-808



miRNA-145
miRNA-146a RPS14

Nature 2008;451:335; Nat Med 2010;16:49; Nat Med 2010;16:59; Cancer Cell. 2014;26:509-20.

P53/Glycophorin

CSNK1A1

Gene haploinsufficiency in the pathophysiology
of MDS with del(5q)



Cancer vulnerability as a consequence of gene 
haploinsufficiency

Nature. 2015;523:183-8;Blood 2015;126:2366-2369



Papaemmauil et al. N Engl J Med. 2011;365:1384-95

Somatic SF3B1 mutation in MDS 
with ring sideroblasts

SF3B1 mutations in 6 of 8 patients 
Sample ID MDS TET2 DNMT3A SF3B1

1 PD4800a RARS p.Q644*

2 PD4174a RARS p.H662Q

3 PD4175a RARS p.K700E

4 PD4176a RARS p.H662Q

5 PD4179a RARS p.K700E

6 PD4180a RARS

7 PD4181a RARS p.V758fs p.K700E

8 PD4171a RARS p.G510S p.K700E

Agilent Exome Capture
Massively Parallel Sequencing 

Tumour & Normal

Variant Calling using:
Caveman (Substitutions) and Pindel (Indels)

RARS

MtF



Relationship between SF3B1 mutation and ring sideroblasts

Quantitative enumeration
of ring sideroblasts
(325 MDS patients)

31% patients
with mutation in SF3B1

97% patients with RS,
3% patients no RS

SF3B1 mutation: positive predictive value for ring sideroblasts 97.7%

Absence of ring sideroblasts: negative predictive value
for SF3B1 mutation 97.8%

P=0.002

RARS, RCMD-RS
35% RA/RCMD/MDSdel(5q)/RAEB

Malcovati et al. Blood 2011;118:6239-46 
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Conversely, other mutated genes detected in clonal hematopoiesis studies were shown to be strongly associated with a disease phenotype, and the paradigm is represented by SF3B1. In fact, SF3B1 mutations were shown to have a predictive value for ring sideroblasts of 98%,suggesting a causal relationship between mutation and ring sideroblasts.



SF3B1 mutation precedes recurrent driver 
mutations in low- to intermediate-risk MDS

Blood 2011;118:6239-46; Blood 2013;122:3616-27; Cancer Cell. 2014;25:794-808
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Cancer-Associated SF3B1 Hotspot Mutations Induce
Cryptic 3’ Splice Site Selection through Use of a

Different Branch Point

Darman et al. Cell Rep. 2015;13:1033-45; Shiozawa et al. Blood 2015 126:139



Nonsense-mediated decay of transcripts
with abnormal splicing

Darman et al. Cell Rep. 2015;13:1033-45; Shiozawa et al. Blood 2015 126:139



SF3B1 mutations contribute to MDS through
a non-classical path to haploinsufficiency

Darman et al. Cell Rep. 2015;13:1033-45; Shiozawa et al. Blood 2015 126:139



SF3B1 mutations contribute to MDS through a non-
classical path to haploinsufficiency

Darman et al. Cell Rep. 2015;13:1033-45; Shiozawa et al. Blood 2015 126:139



Model for expansion of a myelodysplastic stem cell under the 
selective pressure of an abnormal bone marrow environment

McKerrell et al. Cell Rep. 2015;10:1239-45; Malcovati L & Cazzola M, Hematology 2015
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Presentation Notes
Notably, whereas the prevalence of DNMT3A mutations in the general population increases linearly during aging, SF3B1 and SRSF2 were selectively identified in subjects in subjects aged 70 year or older, suggesting that selection pressure related to the aging of bone marrow microenviroment may contribute to the expansion of the myelodysplastic clones harboring these gene mutations.
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Predictable effect of the size of an ineffective 
hematopoietic clone on peripheral cytopenia

Presenter
Presentation Notes
When considering the transition from clonal hematopoiesis to MDS, it should be taken into account that the clinical appearance of a clone characterized by ineffective maturation may be related to clone size, a small ineffective clone being not sufficient in the context of a largely normal hematopoiesis to result in peripheral cytopenia.



SF3B1 mutation identifies a distinct subset of 
MDS with ring sideroblasts

SF3B1-mutated
SF3B1-unmutated

Malcovati et al. Blood 2014;124:1513-1521; Blood 2015;126:233-41
MDS associated with 
SF3B1 mutation



Relationship between SF3B1 mutation, erythroid 
marrow activity and hepcidin to ferritin ratio

Ambaglio I et al. Haematologica 2013;98:420-423

Presenter
Presentation Notes
Relationship between SF3B1 mutant allele burden and measurements of erythroid marrow activity or hepcidin to ferritin ratio in MDS patients. (A) Relationship between SF3B1 mutant allele burden and bone marrow erythroblasts (r=0.46, P<0.001). (B) Relationship between SF3B1 mutant allele burden and soluble transferrin receptor level, a measure of total erythroid activity (r=0.38, P=0.001). (C) Relationship between SF3B1 mutant allele burden and serum GDF15 concentration (expressed as ng/mL), a measure of ineffective erythropoiesis (r=0.28, P=0.016). (D) Relationship between hepcidin to ferritin ratio and SF3B1 mutant allele burden. SF3B1 mutant allele burden was categorized into groups of comparable size (0, 1–40%, and >40%). Data are shown in a box plot depicting the upper and lower adjacent values (lowest and highest horizontal line, respectively), lower and upper quartile with median value (box), and outside values (dots).



Inhibition of GDF11 in anemia with
ineffective erythropoiesis 

Nat Med. 2014 Apr;20(4):334-5.



Pladienolide, E7107

Splicing factor 3b inhibitors

FR901464, meayamycin

Lee et al. Blood 2015 126:4
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Reduced Sf3b1 expression is not sufficient to induce RARs. (A) Frequencies of sideroblastic erythroblasts in Sf3b1+/− erythroblasts. CD71+ erythroblasts in BM of WT and Sf3b1+/− mice and recipients repopulated with WT and Sf3b1+/− BM cells at 11 months posttransplantation (WT BMT and Sf3b1+/− BMT, respectively) were isolated by cell sorting. The cells were cytospun onto slide glasses, subjected to Prussian Blue staining, and then examined under a light microscope. Numbers of cells with siderotic granules per 1000 erythroblasts are shown in a table and a graph. Data are shown as mean ± SD. Counts of 1000 cells were independently performed 3 times. (B) Frequencies of sideroblastic erythroblasts in Sf3b1+/− erythroblasts upon knockdown of Sf3b1. c-Kit+ progenitors transduced with shRNA against Sf3b1 were cultured in the presence of EPO to induce erythroblasts (bottom). GFP+CD71+-transduced erythroblasts were isolated by cell sorting, then evaluated for the presence of sideroblasts in a manner similar to (A). (C) Representative sideroblastic erythroblasts observed in (B). Arrows indicate siderotic granules.



Summary

• Distinct patterns of driver somatic mutations in MDS: age-related pan-
myeloid mutations vs MDS-specific genetic lesions

• Splicing mutations are a novel paradigm of disease pathophysiology, 
resulting in haploinsufficiency and/or aberrant protein expression

• Gene haploinsufficiency is emerging as a recurrent pathogenetic 
mechanism in MDS, and as a potential source of cancer vulnerability

• The recognition of MDS subtypes with unique molecular basis has 
relevant implications for classification and clinical management of MDS

Presenter
Presentation Notes
So, to summarizethe WHO classification provides the best diagnostic approach to MDS; however, current criteria have limitations that support the introduction of a provisional category of cytopenia of undetermined significance;  aging of the hematopoietic system is associated with appearance of hematopoietic clones, associated with increase in the risk of hematologic cancers, including MDS.in the diagnostic work-up of patients with suspected MDS, a screening of recurrent somatic mutations on DNA from peripheral blood cells and the identification of patients with a clonal cytopenia might be of potential value, but several analytical and biological issues remain to be clarified.
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