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Ten years of Highlights from EHA:

Red cells and Iron

Summary:

Erythropoiesis : mechanisms

New Diagnostic Approach: new 
disease-causing genes

New Drugs for inherited anemias

New Treatment Approach: gene 
therapy and Crisp/Cas9  



Molecular Events during Normal Erythropoiesis

Mean MCV
0  day   131 fL
7  day     99 fL
14 day    86 fL



Erythropoiesis block in Inherited Anemias (EIAs)

 EIAs are mendelian diseases affecting the normal differentiation-proliferation pathway of 

the erythroid lineage.

Williams Hematology, Nineth Edition, Chapter 39 by A. Iolascon - McGraw-Hill 

Erythroid hyperplasia with 

specific morphological 

alterations involving late 

erythroblasts
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Mechanisms of systemic and intracellular iron homeostasis



New Mechanisms regulating Iron Intracellular Metabolism
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Physiopathology of iron overload

Anemia

↑ Hypoxia

GDF11 ERFE

↓ Hepcidin

↑ Apoptosis

ACE-011

ACE-536

↑ EPO



• Hepatosplenomegaly
• Extramedullary 

hematopoietic 
psuedotumors

• Leg ulcers
• Thrombotic events
• Pulmonary hypertension

• Bone deformities
• Osteoporosis

Impaired α:β globin ratio

• Diabetes mellitus
• Growth deficiency
• Hypothyroidism
• Hypoparathyroidism
• Hypogonadism
• Hepatic cancer
• Renal disease

Ineffective erythropoiesis Hemolysis

Anemia

Erythroid marrow expansion

Tissue oxygenation

Iron overload

• Gall stones

Hypercoagulable state

Red cell pathology

New treatments in thalassemia syndromes: 
Targeting α/β chain imbalance

Musallam KM, et al. Haematologica. 2013;98:833-4.

• HSCT

• Gene therapy

• - genome editing
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New treatments in thalassemia syndromes: 
Targeting ineffective erythropoiesis

Musallam KM, et al. Haematologica. 2013;98:833-4.

• JAK2 inhibitors

• Stotatercept

• Luspatercept



Epo-EpoR-Jak2-STAT5 axis controls 
red cell production

Progenitor erythroid cells Normal erythropoiesis 
Red cell

: pJAK2

Ineffective erythropoiesis in 
ß-thalassemia: 

chronic stress erythropoiesis 
+ apoptosis limit RBC 

production

Apoptosis

Melchiori L, et al. Adv Hematol. 2010;2010:938640.

JAK2 inhibitor



 Primary end-point

– percent change in RBC transfusion requirement between weeks 6 and 30 compared with 
baseline

 Secondary end-points

– change of spleen volume from baseline measured by MRI or CT

– change of pre-transfusion Hb level from baseline at each post-baseline visit

– pharmacokinetics

– safety

CT, computerized tomography; MRI, magnetic resonance imaging. NCT02049450.

Phase 2: ruxolitinib in thalassemia

30 regularly 

transfused adult 

patients with 

thalassemia and 

splenomegaly

30 weeks

Screening

(all RBC 

transfusions 

– 24 weeks 

prior to 

screening)

Ruxolitinib

Starting dose: 10 mg b.i.d.

Dose adjustment ranging

from 5 to 25 mg b.i.d.

28 days

Ruxolitinib: a potent and selective oral JAK1 and JAK2 
inhibitor
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Targeting ineffective erythropoiesis

Musallam KM, et al. Haematologica. 2013;98:833-4.

• JAK2 inhibitors

• Stotatercept

• Luspatercept



ActRIIB, activin receptor type Iib. Suragani R, et al., Nat Med. 2014;20:408-14.

ACE-011 and ACE-536: selective 

human ActRII receptor ligand TRAP 

ActRIIB receptor
(only inhibition 
of GDF11)

Fc domain of human 
IgG1 antibody

ACE-536
luspatercept

ActRIIA receptor 
(inhibits activin A, B, 
GDF11)

Fc domain of human 
IgG1 antibody

ACE-011 
sotatercept

 ACE-011 (SOTATERCEPT) AND ACE-536 (LUSPATERCEPT)  ARE HUMAN FUSION 

RECOMBINANT PROTEINS

 THEY ACT AS “LIGAND TRAPS” AGAINST TGF-β SUPERFAMILY MEMBER GDF11

 MURINE MODELS OF MDS AND β-THALASSEMIA SHOWED AN AMELIORATION OF 

HEMATOLOGIC PARAMETERS (RAP-011 and RAP-536)



14

Where Does Sotatercept Impact 

Erythropoiesis?

EPO Dependent

Hemoglobin

SOTATERCEPT

Baso E ReticBFU-E CFU-E Pro E RBCPoly E Ortho E

14

EryA EryB EryC

How much EPO is required?



GDF11 INVOLVEMENT IN 

INEFFECTIVE ERYTHROPOIESIS

 DEFECTIVE 

ERYTHROID 

DIFFERENTIATION IN 

β-THALASSEMIA 

RESULTS IN AN 

ACCUMULATION OF 

GDF11-EXPRESSING 

ERYTHROID 

PROGENITORS

 GDF11 MANTAINS THE SURVIVAL OF THESE 

PROGENITORS AND INHIBITS FURTHER 

DIFFERENTIATION, AGGRAVATING THE INEFFECTIVE 

ERYTHROPOIESIS

Robert F Paulson et al. Nature Medicine, 

2014



*s.c. injection once every 3 weeks for up to 5 doses with a 2-month follow-up.
24 patients: 20 NTDT; 4 TDT.

Piga A, et al. EHA 2014. Haematologica.
2014;99 Suppl 1:abstract S664.

Phase 2 preliminary results: luspatercept* improves 
anemia in NTDT and TDT
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Luspatercept increased Hb levels in NTDT patients, decreased transfusion 
requirement in TDT patients, and has a favorable safety profile

Maximum change in Hb in NTDT
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EVALUATION OF CYTOTOXICITY AFTER RAP-011 

TREATMENT IN K562 sh-SEC23B CELLS
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 CYTOTOXICITY ASSAY BY MTT 

 TWO DRUG CONCENTRATIONS (50, 100 μM)

 TREATMENT WITH RAP-011 50 μM LEADS TO 

INCREASED SURVIVAL OF BOTH K562 sh-CTR

and sh-SEC23B cells



Iron Overload in IEs : Case-control study

Russo R et al. Blood 2016



Increased levels of ERFE-encoding FAM132B in patients with 

Congenital Dyserythropoietic Anemia type II

Russo R et al. Blood 2016

**p<0.0001; *p<0.05 vs HC group 

 CDAII patients exhibit over-expression of ERFE at both gene and protein level

 When we analyzed ERFE expression in β-thalassemia (BT)-intermedia patients, exhibiting 

iron overload likewise for CDAII patients, we observed similar results compared to CDAII. 

Conversely, only a slight increase of ERFE expression was observed in patients with mild 

well-compensated anemia, such as hereditary spherocytosis (HS) 

These data suggested that the marked increased ERFE expression observed in 

both CDAII and BT-intermedia patients is mainly due to the ineffective 

erythropoiesis



Correlation analysis

High-FAM132B patients:

• Reduced Hb

• Reduced Ht

• Increased EPO

• Increased sTfR 

• Reduced Hepcidin 

• Reduced Hepcidin/ferritin

• Increased Transferrin saturation 

However …

The iron balance data do 

not differ significantly 

between the two CDA II 

sub-groups

Russo R et al. Blood 2016



Hypothesis: Increased levels of Hepcidin in thalassemia 

intermedia are beneficial to prevent iron overload and 

ameliorate erythropoiesis

Increased iron absorption

Hepcidin

Anemia

Hepcidin

Decreased iron absorption & 

hemichrome formation

Amelioration of organ iron content 

& erythropoiesis



Deletion of Tmprss6 improves iron overload and erythropoiesis in a 

mouse model of NTDT

TMPRSS6

Hepcidin

Normal iron absorption

Hepcidin

Decreased iron absorption and 

recycling

Tmprss6 as a potential target to treat 

NTDT



Definitive treatment of  ineffective Erythropiesis : Bome Marrow  Transplantation









1953-Discovery of double helix(Watson and 
Crick)

1975-Southern blotting

1985-Description of PCR technology

1978-First Molecular Diagnosis

1990- Start of Human Genome Project 1990-First experiment of Gene Therapy: ADA 
deficiency correction

2000-First announcement of 
decodification of entire human genome

Genetic 
Era:
From 
DNA 
structure 
to 
Complete 
Sequence 



Panel of 34 

causative/candidate genes 

of HAMDs and CDAs

43 HHA patients 

from 34 unrelated 

families 

RedPlex

ROIs: coding regions, 

UTRs, regulatory regions, 

100 bp flanking splice 

junctions

HaloPlex target enrichment;

Illumina NextSeq 500;

SureCall software 

 Target regions (ROIs): 538 

 Total Amplicons: 8874 

 Total Target Bases Analyzable: 

239.59 kbp

 Target Coverage: 99.9 %

HS/HE/HPP  
11; 26%

HST
11; 26%

CDAs
14; 32%

Overlapping 
phenotype 

4; 9%

Undefined 
phenotype 

3; 7%

RedPlex: a targeted next generation sequencing-based diagnosis for 

patients with hereditary hemolytic anemias



P743. RedPlex: a targeted next generation sequencing-based diagnosis 

for patients with hereditary hemolytic anemias

 Dark gray squares 

highlight prioritized 

variants

 Light gray squares 

indicate clinically 

related or modifier 

variants. 

RedPlex data study on 29 HHA patients with conclusive diagnosis



Hereditary Spherocytosis 

-SPTA1 mutations 

- αLELY variant

Dyserythropoietic phenotype

-SEC23B mutation

-GATA1 modifier variant

Polygenic contribute in monogenic disease

Russo R. et al, unpublished data 2016



ECULIZUMAB AND PNH: EFFECTS ON SURVIVAL

Untreated vs Ecu-treated PNH Treated PNH vs normal population

Hill et al, Blood 2011



Whole exome sequencing and targeted deep sequencing in 60 PNH patients

 Additional somatic mutations in 

10 out 12 patients studied by 

WES

 In total, 21 mutations in 21 genes 

(including some also found in 

MDS, such as TET2, 

ASXL1U2AF1, SUZ12, BCOR)

 Clonal architecture re-created by 

single-colony sequencing



Is PNH a 

cancer???
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