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MDS pathogenesis

Abnormalities in the BM microenvironment, i.e.

- altered hematopoietic–stromal cell interactions
- deregulated production of growth factors and hematopoietic modulators

HSPC genetic instability

Mutational profile
(somatic genetic abnormalities involved in 

RNA splicing, i.e. SF3B1, SRSF2)

Phenotypic aberrations

+



• MDS is not only a disease of the HSCs, but of the entire BM
microenvironment and bone metabolism

• Interactions between mesenchymal stem and progenitor cells
(MSPC) and hematopoietic stem and progenitor cells (HSPC)
contribute to the pathogenesis of MDS and associated disorders
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Role of the BM microenvironment in MDS pathogenesis



D. T. Scadden, ASH 2012, modified
(data by Li, Frenette, Suda, 

Morrison, Nilsson,
Nakauachi, Nagasawa, Lavesque, 

Daley, Rafii,
Calvi, Adams)

Méndez-Ferrer et al. Nature (2010)

Carlos López-Larrea et al. Stem Cell 
Transpl (2012)
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Bone marrow hematopoietic stem cell niche
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Bone marrow hematopoietic stem cell niche
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HSC stromal niche ageing
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HSC ageing
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AGE

Myeloid-biased Myeloid-biased

Lymphoid-biased

balanced balanced
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2 models
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Cellular and humoral components within the osteo-hematopoietic niche
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Role of the BM microenvironment in MDS pathogenesis

                     differentiation/self-renewal 
- - - - -          signaling pathways 

Leukemia (2015) 259 – 268
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Role of the BM microenvironment in MDS pathogenesis

1- Animal models revealing BM microenvironment-induced MDS

2- Alterations of the cellular components of the niche in MDS patients

3- Signalling defects within the osteo-hematopoietic niche

4- Iron overload and dysregulation of iron homeostasis



• Selective Dicer1 deletion (miRNA processing endonuclease) in MSC osteoprogenitors
induces markedly abnormal hematopoiesis and eventually AML

• Dicer1−/− osteoprogenitors display reduced levels of Sbds, the gene mutated in
Shwachman-Bodian-Diamond Syndrome (BM failure and AML predisposition)

• Deletion of Sbds in osteoprogenitors largely mimics Dicer1 deletion
• ( MSPCs from MDS patients exhibit a low expression of Dicer1 and DROSHA )
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1- Animal models revealing BM microenvironment-induced MDS

Role of the BM microenvironment in MDS pathogenesis



1- Animal models revealing BM microenvironment-induced MDS
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Myelodysplasia in Dicer-/- mice (Raaijmakers et al. Nature 2010)

Figure 2. Myelodysplasia in OCD fl/fl mice a, Leukopenia with variable anemia (p=0.16) and thrombocytopenia (p=0.08) in OCD fl/fl mice
(n=10). b, blood smears showing dysplastic hyperlobulated nuclei in granulocytes c, bone marrow sections showing micro-megakaryocytes
with hyperchromatic nuclei d, increased apoptosis of hematopoietic progenitor cells in OCD fl/fl mice. (n=4) e, increased proliferation of
hematopoietic progenitor cells as shown by in vivo BRDU labeling (n=4). Data are mean ± s.e.m. * p≤0.05, **p≤0.01. RBC=red blood cells,
LKS= lineage −C-kit+ Sca1+ cells LKS-SLAM= lineage −C-kit+ Sca1+ CD150+ CD48− cells L-K+= lineage−c-kit+ cells L-K-int=lineage−
Ckit intermediate, BRDU= bromodeoxyuridine.

Role of the BM microenvironment in MDS pathogenesis



AML with soft tissue infiltration in Dicer1-deleted mice
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from David T. Scadden, ASH 2012, modified;
Raaijmakers et al. Nature 2010; 464: 852-857
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Dicer1 DGCR8
Drosha
SBDS

from David T. Scadden, ASH 2012, modified;       Raaijmakers et al. Nature 2010; 464: 852-857

Bone marrow HSC niche: oncogenesis model

Normal BM

HSCs
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1- Animal models revealing BM microenvironment-induced MDS

Role of the BM microenvironment in MDS pathogenesis
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• Xenograft model of low-risk MDS: the first proof of concept that patient-derived
stromal cells drive propagation of human MDS stem cells in vivo

• Intrabone co-injection of low-risk MDS patient-derived CD34+ cells + MSPCs into
immunocompromised mice leads to long-term engraftment of bone fide MDS cells
(strong myeloid bias and clonality tracking). CD34+ cells-only injection is highly
ineffective

• Patient-derived MSPCs are more efficient than healthy age-matched MSPCs in
supporting MDS stem cells

• a number of processes involved in cellular cross-talk are deregulated in MDS-MSPCs
Krampera
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2- Alterations of the cellular components of the niche in MDS patients

• Stromal cells fail to support HSC trafficking into the microenvironmental niche
• Cytogenetic abnormalities in MSPCs (mostly in Chr 1 and 7, different from those

detectable in HSPCs) in up to 50% of MDS patients
• Monocytes from MDS patients fail to upregulate matrix MMP-9 gene expression in

response to stromal signals. MMP-9 promote the egress of cells from the BM: non-
responsive monocytes accumulate over time, whereas inducible levels of MMP-9 decline,
thus resulting in hypercellularity in the BM of patients with MDS

• Macrophages interfere with interactions between MSPCs and HSPCs in MDS through
increased synthesis of TNF-α
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Role of the BM microenvironment in MDS pathogenesis

Bulycheva et al. 2015



3- Signalling defects within the osteo-hematopoietic niche

• Controvertial role of secreted cytokines
and adhesion molecules in MDS

• Canonical Wnt signaling deregulation in 
MDS-MSPCs
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Wnt / b-Catenin signaling pathway
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Canonical Wnt pathway



Wnt / b-catenin signaling pathway
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Komiya Y1, Habas R. Wnt signal transduction pathways. Organogenesis. 2008 Apr;4(2):68-75

Canonical Wnt pathway Non-canonical Wnt pathways
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Cross-interactions of 
different signalling

pathways
in normal

hematopoiesis



Krampera
4°'Workshop'Nazionale'SIES'2013' Bologna,'14FnovembreF2013'

WNT'signalling'

 Cell Research | www.cell-research.com 

Regulation of hematopoiesis and hematopoietic stem cell niche
750
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an activator of the canonical Wnt pathway, prior to trans-
plant and showed that the presence of Wnt3a increased the 
frequency of hematopoietic reconstitution. HSCs deficient 
in the chromatin-binding protein Hmgb3 show increased 
expression of Dvl1 (which encodes for Dishevelled 1) and 
exhibit increased canonical Wnt signaling which correlated 
with a bias towards self-renewal [74]. 

However, more recent studies have produced results 
that conflict with earlier interpretations on the actual role 
of the canonical Wnt pathway. Cobas et al. [75] showed 
that HSCs deficient in β-catenin retain their ability for self-
renewal and multilineage differentiation. However, this 
study did not address whether canonical Wnt signaling was 
also absent in β-catenin-deficient HSCs, leaving open the 
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Figure 3 A schematic diagram of selected components of the canonical Wnt signaling pathways. (A) The absence of Wnt ligand binding to 
the Frizzled receptor and LRP 5/6 co-receptor enables the formation of a multi-protein complex (which includes APC, Axin, GSK-3β, and 
CK1) that promotes the phosphorylation and subsequent degradation of β-catenin. In the absence of β-catenin translocation, repressor proteins 
bind to TCF/LEF transcription factors and prevent transcription from occurring. (B) In the presence of Wnt ligand, the LRP co-receptors are 
phosphorylated by membrane-bound casein kinase 1γ and GSK-3β (not depicted), which recruits Axin to the cell membrane, disrupting the 
multi-protein complex. The Dishevelled protein (Dvl) is necessary for this process to occur but the mechanism is undefined. The disintegra-
tion of the multi-protein complex ultimately results in the accumulation and translocation of β-catenin to the nucleus. β-Catenin interacts 
with TCF/LEF and transcription occurs.
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Notch / Wnt balance in neoplastic hematopoiesis
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3- Signalling defects within the osteo-hematopoietic niche
Role of the BM microenvironment in MDS pathogenesis
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• Iron depletion can activate Wnt/β-catenin and induce osteoblastic differentiation of
MSPCs

• Deregulated Wnt signaling in MDS - MSPCs disrupts iron regulation (à
accumulation) and is an important factor in MDS pathogenesis
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3- Signalling defects within the osteo-hematopoietic niche
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4- Iron overload and dysregulation of iron homeostasis



• MDS-MSPCs exhibit a lower mineralization in response to Epo due to Wnt

dysregulation

• Decrease of sensitivity of erythroid progenitors to Epo in TfR2−/− mouse model

(TfR2 is a component of the Epo-R complex) à Epo increase à iron overload
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3- Signalling defects within the osteo-hematopoietic niche

Role of the BM microenvironment in MDS pathogenesis

4- Iron overload and dysregulation of iron homeostasis



• Iron overload is very common in MDS (blood transfusions and inefficient

erythropoiesis

• Iron overload has adverse effects on bone homeostasis (inhibition of Wnt signalling)

• In the process of iron overload, hyper-production of hepcidin occurs

• In MDS hepcidin levels are very heterogenous depending on the subtype, with the

lowest level in RARS and the highest in RAEB and CMML, and EPO levels
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Li et al. 2017
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3- Signalling defects within the osteo-hematopoietic niche
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Hypoxia and MDS
• Hypoxia / low oxygen availability contributes to both normal and malignant

hematopoiesis
• HIF-1 and HIF-2 (hypoxia inducible transcription factors) are the key mediators of

the cellular response to hypoxia
• In MDS patients, HIF-1 expression correlates with poor patient survival and

disease progression
• The strong hypoxic gene expression profile of supportive MDS-MSCs, in

comparison to healthy MSCs, suggests that hypoxia and HIF-1 signaling may
influence the malignant behavior of MDS-MSCs
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Hypoxia and MDS

Immune cells, osteoblasts, and signaling molecules that influence MDS-HSC signalling and
functions. Hypoxia also has the capacity to directly and indirectly influence the behavior of
MDS HSCs
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Potential therapeutic targets of the osteo-hematopoetic niche
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Potential therapeutic targets of the osteo-hematopoetic niche
Leukemia (2015) 259 – 268
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Extracellular vesicles in MDS



Extracellular vesicles (EVs)
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Extracellular vesicle biogenesis
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Different types of secreted membrane vesicles: Intracellular trafficking either between subcellular compartments or towards the plasma membrane for secretion of soluble
proteins occurs through carrier and secretory vesicles that contain intraluminal components. Secreted vesicles can form inside internal compartments from where they are
subsequently secreted by fusion of these compartments with the plasma membrane. Vesicles generated in multivesicular endosomes are called exosomes once secreted.
Nat Rev Immunol. 2009 Aug;9(8):581-93.



Extracellular vesicles (EVs)
Potential advantages for cells
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- different biologically active molecules towards the same cell target

- lipid envelope à protection from degradation + rapid internalization

- surface proteins à binding to specific receptors à different cell targets

ê
SMALL MOLECULE CONCENTRATIONS à MAXIMUM BIOLOGICAL EFFECTS

(even in case of negligible quantities, undetectable with standard techniques)



Pando et al. Leukemia Research 2018 Krampera

The role of the EVs in hematopoiesis



EV crosstalk in BM microenvironmental homeostasis

CMP: common myeloid 
progenitor; 
EB: erythroblast; 
GMP; granulocyte 
monocyte progenitor; 
HSPC: hematopoietic 
stem and progenitor cell; 
Mk: megakaryocytes; 
MkB: megakaryoblast

Butler et al. Haematologica 2018

MSC-derived EVs 
signal to HSPCs 

through the TLR-4
pathway, resulting in 

myeloid biased 
expansion

Megakaryocyte-derived EVs are 
internalized by HSPCs and 

increase differentiation of new 
megakaryocytes

through RNA-mediated signaling

Hypoxia induces erythroid blast cells to 
release EVs containing miR-486 which 

increases erythroblastic differentiation by 
targeting Sirt1 in HSPCs
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ANGPTL-2/3; angiopoietin-like protein 2 and 3; G-CSF: granulocyte colony-stimulating factor; HSPC: hematopoietic 
stem and progenitor cell; TPO: thrombopoietin; VCAM-1: vascular cell adhesion molecule; VPS33B: vacuolar protein 
sorting-associated protein 33B.

G-CSF infusion stimulates the 
release of EVs containing miR-
126 that act to down-regulate 

VCAM-1 in HSPCs, resulting in 
their mobilization out of the BM

HSPCs self-regulate stem cell potential by packaging and releasing critical 
secretory proteins through the exosomal pathway via VPS33B

Butler et al. Haematologica 2018
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EV crosstalk in BM microenvironmental homeostasis



Butler et al. Haematologica 2018
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EV crosstalk in BM microenvironmental homeostasis



EV crosstalk in the leukemic microenvironment

AML: acute myelogenous leukemia;
ANGPT-1: angiopoi-etin 1;
CXCL12: C-X-C motif chemokine 12;
HSPCs: hematopoietic stem and progenitor cells;
IGF-1: insulin-like growth factor 1;
MDS: myelodysplastic syndrome;
PCBP1: poly(rc) binding protein 1;
SCF: stem cell factor.

EVs from AML blasts traffic 
miR-155 to HSPCs and down-
regulate critical transcription 
factors (c-MYB), resulting in 

reduced differentiation potential

AML EVs reprogram MSCs 
and stromal cells, and 

downregulate niche retention 
factor CXCL12 resulting in 
mobilization of HSPCs from 

the BM

AML and MDS EVs promote the loss of 
HSPC supportive factors (CXCL12, SCF, 

IGF-1) through the trafficking of miR-7977 to 
supportive stroma, leading to reduced HSPC 

viability and hematopoietic potential

Butler et al. Haematologica 2018
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Extracellular vesicle crosstalk in the 
pathophysiological regulation of hematopoiesis

Butler et al. Haematologica 2018
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Role for EVs in pathological hemato-/lymphopoiesis
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Boyiadzis M, Whiteside TL. The emerging role of tumor exosomes in hematological malignancies. Leukemia 2017;31:1259-68

EV INHIBITORS ?



CONCLUSIONS
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