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Highlights on Red cells and Erythropoiesis
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NGS as feasible 
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Hereditary red cell 

disorders

New data on PNH 
international registry: 
impact of eculizumab



NGS as Feasible Diagnostic tool for Hereditary 
Red Cell disorders

• Next Generation Sequencing (NGS) is a new powerful tool that allows 
the simultaneous analysis of large panel of genes involved in 
hereditary red cell disorders

• Hereditary red cell disorders with atypical clinical presentation are 
easily misdiagnosed.

• NGS requires a careful patient history collection and pedigree 
analysis.



Identification of new mutations in patients with red cell 
membrane disorders using NGS

• 116 pts from 74 unrelated families were analyzed using NGS

• 42 new variants were identified:
• Beta spectrin (23)
• Ankyrin (21)
• Alpha spectrin (16)

• Manu Pereira et al. NGS panel resulted in 89% of molecular diagnosis 
of previously unknown membranopathy (11% still undetermined 
molecular defect).

Manu Pereira MD et al Haematologica 102: P615, 2017
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HSCT and Gene Therapy in Hereditary Red Cell Disorders 

1. HSCT in hereditary red cell disorders:

• b-Thalassemia: Long-term study (1985-2012) in French cohort of TM 
patients (134 transplanted pts, median age 5.9 yrs):
• Source BM (85%), with matching sibling donors
• Hb median levels 12.5 g/dL
• Long-term complications:

• 2 pts died of chronic GVHD
• 12% of the pts showed: hypothyroidism (7); Heart failure (2); Diabetes (5); Chronic 

respiratory failure (5)

• PK deficient patients (16 pts, median age 6.5 yrs)
• Source: BM (36%), Peripheral blood (45%), Cordon blood (19%)
• GVDH grade 4 (38%)
• Risk of death: age (>10 yrs) and splenectomy

Rahal I et al. Haematologica 102: S131, 2017; Van Straaten S et al Haematologica 102: S452, 

2017; Kim et al Bone marrow Transplantation 2016 



2. Gene therapy in hereditary red cell disorders:

• b-Thalassemia- phase I-II clinical trial (3 adults and 4 children) 
• Autologous transplantation of hematopoietic stem cells engineered by 

lentivirus vector expressing a transcriptionally regulated human b-globin 
gene

• Genotype: b0/b0; b+/b+; b0/b+

• Reduction of transfusion requirement in both adult and children

• Fanconi Anemia (FA)- clinical trial (6 pts aged 6-8 and 2 pts aged 15-
16 yrs)
• HSC mobilization by plerixofar and G-CSF as mobilization regimen
• CD34+ collection, then engeenired with lentivral vector (PGK-FANCA-Wpre* 

vector) in the absence of pre-conditioning regimen
• Engraftment and proliferation advantage of gene corrected HSPC (5-17 

months follow-up). 

Marktel S et al. et al. Haematologica 102: S128, 2017; Sevilla J et al Haematologica 102: S144, 2017
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New Pharmacologic Strategy in Hereditary 
Red Cell Disorders 

• Agents targeting ineffective erythropoiesis:  
• b-Thalassemia 

• CDA II

• Agents modulating endogenous red cell enzymes:
• PK deficiency

• Agents targeting vascular dysfunction and RBC-neutrophil adhesive 
mechanisms:
• acute clinical manifestation in sickle cell disease (SCD)



Anemia in β-Thalassemia

Rund D  et al NEJM 353: 1135,  2005; De Franceschi L et al. Oxi Med Cell Longev 2013: 985210, 

2013; Makis A et al AJH 91: 1135-45, 2016; Gardenghi S et al Blood 109: 5027, 2007

Ineffective Erythropoiesis Oxidative Damaged  β-thalassemic RBCs 
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TGF-β Superfamily Ligant Traps

ActRIIA/B

Activins
GDF11

Luspatercept
Sotatercept

Luspatercept: fusion of extracellular domain of ActRIIA/B  
with Fc part of human IgG

Sotatercept: modified extracellular domain of ActRIIA/B  
linked to the Fc region of human IgG1 

Makis A et al AJH 91: 1135-42, 2016

Smad4 
activation



Sotatercept and Luspatercept in β-Thalassemic Syndromes

• In TI and TM, Sotatercept and Luspatercept improve anemia with a 
dose-dependent effect

• Satisfactory profile for safety and tolerability

• Main AEs of Sotatercept and Luspatercept:
• Headache
• Bone pain
• Myalgia
• Asthenia

• The maximum tolerated dose was not reached. 
Makis A et al AJH doi 10.1002/ajh 24530, 2016; Piga A et al. #758, EHA 2016; Cappellini MD et al EHA abstract #S137, 2015; 

Porter J EHA 103616, 2014; Piga A et al ASH  abstract # 851, 2016; Chen N et al ASH # abstract 2063, 2016; Piga A et al. 
Haematologica S129, 2017 



Impact of Sotatercept on Anemia in β-Thalassemic syndromes

• Sotatercept in Transfusion-dependent thalassemia:
 >20% transfusion requirement: 33% patients (0.3 mg/Kg), 67% of patients  (0.75 
mg/Kg). 

• Sotatercept in Thalassemia intermedia:
 Hb: 1 g/dL in 0.75 mg/Kg  group (100% of patients; 67% of patients with 0.3 
mg/kg). 

Makis A et al AJH 9:1135-45, 2016; Cappellini MD et al EHA abstract # S137, 2015



Outcome measure TD patients in base 
study (n=31) 

TD patients in extension 
study (n=24) 

≥33% reduction transfusion burden 71% (22) 83% (20) 

≥50% reduction transfusion burden 55% (17) 71% (17) 

 NTD patients in 
base study (n=21) 

NTD patients in 
extension study (n=27) 

≥1.0 g/dL increases in mean Hgb 62% (13) 78% (21) 

≥1.5 g/dL increases in mean Hgb 33% (7) 52% (14) 

	

Piga A et al. Haematologica S129, 2017 

Impact of Luspatercept  on β Thalassemic syndromes: 
phase II multicentric open label study followed by long-term 

extention in TM and TI patients



•  transfusion requirements

•  in LIC in TD patients under iron chelation therapy (16 weeks of treatment)

• Leg ulcer healing

• Improvement of QoL

• On going phase 3 study in β-thalassemia (BELIEVE, NCT02604433)

Makis A et al AJH 91: 1135-45 2016; Piga A et al.  Abstract #758, EHA 2016;; Piga A et al ASH  abstract # 851, 2016; 
Chen N et al ASH abstract # 2063, 2016; Piga A et al. Haematologica S129, 2017 

PK studies: 
• luspatercept serum levels correlate 

with  Hb levels (TI)

• Starting dose 1.0 mg/kg



Evidences of Involvement of GDF-11-ActRIIA/B Pathway in CDA-
II Pathologic Erythropoiesis 

• Congenital dyserythropoietic anemia type II (CDA-II):
• AR disorder mainly related to SEC23B mutations 

• It is characterized by ineffective erythropoiesis with dyserythropoiesis

• Standard treatment: transfusion support and iron chelation

• CDA-II patients show increased serum levels of GDF11, similarly to 
β-thalassemic patients.

Russo R et al. Am J Hematol 89: E169, 2014; Iolascon A et al. Blood 122: 2162, 2013; 
De Rosa G et al Haematologica S811, 2017



• In vitro study on engineered K562 cells, mimicking CDA-II 
erythropoiesis:
• K562 cells stably silenced for SEC23B  by lentivirus

• K562 cells carrying SEC23B variants

• K562 erythroid differentiation was associated with increased p-
SMAD levels

• RAP011 (Sotatercept) reduces p-SMAD activation, which in turn may 
increase GATA1 function, improving CDA-II erythropoiesis.

De Rosa G et al Haematologica S811, 2017



AG348, a PK-R activator, beneficially impact anemia in PK 
deficient patients

• PK is a key enzyme in glycolytic pathway

• PK deficiency is the most common inherited enzymatic red cell 
disorder (51/1.000.000), causing non spherocytic hemolytic anemia 
Beutler E Blood 95: 3585, 2000

• AG348 is an orally available small molecule,                                   
acting as allosteric activator of PK-R                                                       
Kung C et al. Blood 130: 1347, 2017

Grace RF  et al Haematologica S451, 2017



• Open label dose ranging trial of AG348 in transfusion-independent 
adult patients with PK-deficiency (52 patients were enrolled; NCT 
02476916)

• AG-348 was administrated at the dosage of 50-300 mg BID for 6 
months

• Hb increased > 1 gr/dL was stably observed in 47% of PK-D patients

Grace RF  et al Haematologica S451, 2017



beta

Vasoocclusion:

pain crisis, 

organ /endoth

damage

Chr. hemolytic 

anemia:

Hct 20's; retic 20's

Incr bili, LDH, etc

Gallstones

LVH, easy CHF

SCD: Unmet Therapeutic Needs: Acute Events and Prevention of 
SCD Related Vasculopathy



Molecules Interfering with 

Sickle-RBCs-Endothelial Adhesive Mechanisms:

Selectin and SCD

• Endothelial cell P-selectins are cell adhesion molecules

• P-selectins play a key role in leukocyte recruitment and sickle red cell
adhesion to endothelium

• P-selectin values are increased in plasma of SCD patients

Pan J JBC 273: 10058, 1998; Matsui NM Blood 98: 1955, 2001; Turhan A PNAS 99: 3047, 2002;  Kato GJ Br J Haematol 130: 943, 2005; 
Blann AD J Thromb Thrombolysis 25: 185, 2008.



Therapeutic Strategies to Block Selectin-mediated 
processes in SCD 

• To block all selectins: 
• Pan-Selectin antagonist (GMI-1070, Rivipansel) (Chang J et al. Blood  116: 1779-86, 2010; Telen

MJ et al. Blood 125: 2656-64, 2015;  Wu T et al. PlosOne 2014: 9: e101301, 2014)

• To target only P-selectin: 
• Humanized anti-P-Selectin antibody (Crizanlizumab) (Mandarino D et al Blood 122: abstract

#970, 2013; Ataga KI et al Blood abstract 1, 2016; Ataga K et al NEJM 376: 1796, 2017; Slomski A et al JAMA 317: 798, 2017)

• Sevuparin (Telen MJ BJH doi 10.111/ BJH 14303, 2016 )

• P-selectin aptamer (Gustaeva DR et al. Blood 117: 727-35, 2011)



Humanized Monoclonal Ab against P-selectin (Crinalizumab) 
and Acute events in SCD 

In a double blind placebo-controlled 

mutinational trial:

• was safe and well tollerated

• Induced a 1 month P-selectin block

• Reduced pain crisis

• Increased the time between pain crisis 

Mandarino D et al Blood 122: abstract 970, 2013; Telen MJ Blood 127: 810-19, 2016; Ataga KI et al Blood-ASH 1, 2016; Kutlar A et al
Haematologica S454, 2017



• SUSTAIN: double blind placebo controlled phase II study 
(NCT0185361) with P-selectin inhibitor-Crizanlizumab

• Genopyte: SS, SC, S/b0, S/b+

• 66 pts on 2.5 mg/Kg every 4 weeks and 67 pts on 5 mg/Kg every 4 
weeks 

• Crizanlizumab (5 mg/Kg every 4 ):
• increases the likelihood of SCD adult patients being sickle cell pain crisis free

• is effective also in patients under HU

Kutlar A et al Haematologica S454, 2017



New Data on PNH International Registry: 
Impact of Eculizumab

• International paroxysmal nocturnal haemoglobinuria (PNH) Registry 
collected data on Eculizumab in patients with PNH and high disease 
activity (HDA) (NCT01374360) 

• HDA is defined as LDH ratio ≥1.5x upper limit of normal within 6 
months of baseline and history of any of the following: 
• fatigue, haemoglobinuria, 
• abdominal pain, 
• dyspnea, 
• anaemia (Hb<100 g/L), 
• major adverse vascular events (including thromboembolisms), 
• dysphagia.

Höchsmann B et al. Haematologica S498, 2017
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• 4,717 patients that were enrolled, were stratified into 4 groups: 
• HDA/ eculizumab-treated; 

• HDA/never eculizumab-treated; 

• no-HDA/ eculizumab-treated; 

• no-HDA/never eculizumab-treated. 

• In PNH patients with HDA, Eculizumab promotes:
• Stable reduction of LDH

• Reduction of transfusion requirement

• Amelioration of patient QoL, mainly related to the reduction in chronic fatigue

Höchsmann B et al. Haematologica S498, 2017



Conclusions

• Pathologic red cell and erythropoiesis  counted for 10% of the simultaneous 
session and in 6% of poster abstracts

• In red cell and erythropoiesis field, EHA 2017 meeting highlights the 
following topics:
o HSCT and Gene therapy in hereditary red cell disorders 
o NGS as feasible diagnostic tool for Hereditary red cell disorders
o New pharmacologic strategy in hereditary red cell disorders 
o New data on PNH international registry: impact of eculizumab

• Promising data on phase- II clinical trial were reported in invalidating 
chronic disorders 

• Pathologic red cell and erythropoiesis might require more space and 
attention in EHA future meetings since disorders of red cells and 
erythropoiesis are endemic in Europe, South Asia, India and in low-
developed countries.  



Brain-storming e Discussion

• HSCT trapianto e gene therapy nelle malattie ereditarie del glubulo
rosso/eritropoiesi ???

• NGS e’ uno strumento attuabile nella diagnosi di   malattie
ereditarie del glubulo rosso/eritropoiesi ??

• Quali strategia terapeutica in malattie ereditarie del glubulo
rosso/eritropoiesi…???? Come scegliere???



NGS in blood group matching strategy:

SCD in chronic transfusion regimen



Van Straaten Set al Haematologica 102: S452, 2017;

PK D patient and HSCT









PNH patient under Eculizumab Treatment

Höchsmann B et al. Haematologica S498, 2017


