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 Congenital Dyserythropoietic
Anemias (CDAs)

 Sharing pathogenetic
mechanisms between CDA
type II and b-thalassemia

Erythropoiesis
 Approximately 150 billion of red blood cells (RBC) are produced everyday by
erythroid compartment of bone marrow
Iolascon I, et al. Haematologica 2012

 Approximately 120 million reticulocytes are generated each minute in our
body
Nunomura W and Sawada K, Haematologica 2012

 During the dynamic multistep process of erythropoiesis, cell amplification and
differentiation are inversely coordinated

Erythropoiesis
Erythropoiesis consists of two phases
 Erythropoietin (EPO) dependent phase
 Iron dependent phase

Abnormal erythropoiesis
 Thalassemic patients suffer from
anemia resulting from shortened
red blood cell (RBC) survival,
by hemolysis,
and erythroid precursors
premature death in bone marrow
(ineffective erythropoiesis)
 β-thalassemia
dyserythropoiesis is
characterized by expansion of
erythroid precursors and then
ineffective erythropoiesis

 Dyserythropoiesis is due to a derangement of erythropoiesis caused by a
maturation arrest and a consequent reduction of daily red cell production
 If this phenomenon is relevant, anemia could appear
Ribeil JA et al, ScientificWorldJournal. 2013

Congenital Dyserythropoietic Anemias
 The CDA bone marrow is hypercellular, due to an exclusive and pronounced
increase of erythroblasts, with unbalanced Granulopoietic/Erythropoietic
ratio.
 Distinct morphological abnormalities of the erythroblasts are observable as a
consequence of the impairment of differentiation and proliferation pathways of
the erythroid lineage

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

Physiopathology of CDAs
 In CDA patients we observe the paradoxical association of anemia with reduced
reticulocyte count
 EPO is not able to increase the production of RBCs
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Flow diagram for differential diagnosis of CDAs

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

1967 - Description and classification of
CDAs

1978-1990 – Clinical and biochemical
characterization of CDA (I, II, III)

1995 – Localization of the causative gene of
CDA III in the region 15q21-q25

1996 – Localization of the causative gene of
CDA I in the region 15q15.1-q15.3
1997 – Localization of the causative gene of
CDA II in the region 20q11.2

2002 – Identification of the causative
gene of CDA I, CDAN1

2009 – Identification of the
causative gene of CDA II, SEC23B

2013 – Identification of the causative
gene of CDA III, KIF23
2013 – Identification of the causative
gene of CDA I, C15orf41

Differential diagnosis of CDAs
Table 1. Characteristic features of different types of congenital dyserythropoietic anemia
CDA type

I

II

III familial

III sporadic

Variants

Inheritance

Autosomal-recessive

Autosomal-recessive

Dominant

Variable

Autosomal-dominant
or X-linked or
recessive

Cases reported

> 300

> 450

2 families

< 20

~ 70

Bone marrow
morphology (light
microscopy)

Abnormal chromatin
structure, chromatin
bridges

Bi-nuclearity
Multinuclearity of
mature erythroblasts

Giant multinucleated
erythroblasts

Giant multinucleated
erythroblasts

CDA I-like
CDA II-like
others

BM EM findings

"Spongy" heterochromatin,
invagination of
cytoplasm into the
nucleus

Peripheral cysternae
beneath the plasma
membrane

Clefts in hetero
chromatin, autophagic vacuoles,
intranuclear
cisternae

various

various

Mutated Gene

CDAN1
C15ORF41

SEC23B

KIF23

Unknown

KLF1
GATA-1
unknown

Variable, rare

Monoclonal
gammopathy,
myeloma, angioid
streaks

Variable

CNS
others

Associated
dysmorphology/organ
involvement

Skeleton

Iolascon A et al, Blood 2013

Pathomechanism of CDAs

a. The pathogenic mechanisms of CDA II, CDA III, and probably CDA Ib could be due to
deregulation of mechanisms involved in cell division
b. The pathogenic mechanisms of transcription factor-related CDAs, as well as of CDA IaIb could be due to impairment of mechanisms involved in DNA synthesis and
chromatin assembly
Gambale A, Iolascon A, Andolfo I, Russo R. Expert Rev Hematol. 2016
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Iolascon A et al, Blood 2013

Main features of CDA II patients
 Average age of onset symptoms: 3.7 ± 0.6 y
 Mean age of diagnosis: 22.2 ± 1.7 y
 Normocytic mild anemia: Hb 9.6 ± 0.2 g/dL and MCV 87.3 ± 1.0
 Mean serum ferritin: 464.8 ± 55.9 ng/mL
 Splenomegaly: 102/122, 83.6% of patients

 Reticulocyte index: 1.7 ± 0.1
 Hypoglicosylation of band 3 at SDS-PAGE: 95.1% of patients
 Transfusion dependence: 25/126, 19.8%
 Splenectomy: 41/112, 36.6% of patients
Among splenectomized patients, the 82.4% (14/17) showed a moderate increase in Hb
concentration (9.3 ± 1.2 g/dL before vs 10.6 ± 1.6 after splenectomy; n = 9, p = 0.08)

 Six patients underwent successfully to bone marrow transplantation (BMT) at
average age of 5.8 ± 1.5 y (0.9-11)

Russo R et al, Am J Hematol, 2014

CDA II belongs to COPII-related human genetic
disorders

 20p11.23

CMRD, chylomicron retention disease
CLSD, cranio lenticulo sutural dysplasia

 Exons: 20
 protein length: 767 residues

Russo R et al, Am J Hematol 2012

Absence of a red blood cell phenotype in mice with
hematopoietic deficiency of SEC23B
 KO mice for Sec23b gene die within 24 h of birth, exhibiting degeneration of the
pancreas and other professional secretory tissues
 Chimeric mice with Sec23b deficiency restricted to the hematopoietic compartment
can support the normal production of adult RBCs
 The SEC23A protein level in chimeric mice was increased in erythroid
precursors compared to WT
 SEC23A expression is maintained during murine terminal erythroid
differentiation

Satchwell T et al, Haematologica 2013; Khoriaty R et al, Mol Cell Biol. 2014

Compensatory mechanism SEC23A-mediated

SEC23B hypomorphic
mutations

Identity
84.5%

SEC23B

SEC23A
Iolascon A, Schwarz K et al, Nat Genet 2009; Russo R et al, Blood Cells Mol Dis 2013

In vitro model for CDAII
Developed cellular systems:
 K562 stable clones silenced for SEC23B gene (GIPZ Lentiviral shRNA vector)
 K562 cells stably over-expressing SEC23B WT and the most frequent mutations,
R14W and E109K (pCMV-Tag1 vector)

Iolascon A, Schwarz K et al, Nat Genet 2009 ; Russo et al, Blood 2016

Iron overload in ineffective erythropoiesis
 CDA I and II are hallmarked by ineffective erythropoiesis, iron overload, and reduced
expression of hepatic hormone hepcidin
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Molecular liaisons between erythropoiesis and iron
metabolism
 The liver-produced hormone hepcidin is
the main circulating regulator of iron
absorption and tissue distribution
 Hepcidin is suppressed in conditions
associated with accelerated erythropoiesis

 Erythroferrone (ERFE): erythroid
regulator inhibiting liver hepcidin production
 ERFE is encoded by the EPO-responsive
gene FAM132B

Kautz L and Nemeth E, Blood 2014; Kim A and Nemeth E, Curr Opin Hematol. 2015

Polychromatic erythroblasts are the main source of
ERFE in human and mice
Mouse

Human

The onset of multinuclearity in CDA II involves polychromatic and
orthochromatic precursors
Hypothesis: the accumulation of highly expressing-FAM132B
polychromatic erythroblasts in CDA II marrow could account for the
pathological over-expression of ERFE
Erythroid differentiation

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

Case-control study

Russo R et al. Blood 2016

Increased levels of ERFE-encoding FAM132B in patients with
Congenital Dyserythropoietic Anemia type II

**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
Russo R et al. Blood 2016

Increased levels of ERFE in CDA II cellular model

 Over expression of FAM132B gene in stable clones of K562 silenced for SEC23B at 2 and
5 days of erythroid differentiation by hemin
 Increased expression of secreted ERFE protein in medium samples from SEC23Bsilenced K562 cells induced to erythroid differentiation at 2 and 5 days of erythroid
differentiation by hemin
Russo R et al. Blood 2016

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

Targeted next generation sequencing as integrative tool for
prognosis and follow-up of patients with hereditary anemias
MIUR-SIR to RR (RBSI144KXC)
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Increased fold enrichment for rare/low
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GDF11: a target to improve anemia
 Defective erythroid differentiation in b-thalassemia results in an accumulation of
GDF11-expressing erythroid progenitors
 GDF11 maintains the survival of erythroid progenitors and inhibits further
differentiation, aggravating the ineffective erythropoiesis

 GDF11 binds to the activin receptors  increased phosphorylation of SMAD
proteins  Inhibition of Fas-FasL pathway

Robert F Paulson et al, Nature Medicine 2014

ACE-011 and ACE-536: activin receptor type II
ligand traps
 ACE-011 and ACE-536 are
chimeric proteins in which the
extracellular domain of the
ActRII(A/B) receptor is fused to
the Fc portion of the human
IgG1 antibody

 These drugs are ligand traps:
they antagonize activin and
several members of the TGF-b
superfamily (GDF11) that signal
through the ActRII (A/B)

Ex vivo and in vitro evaluation of GDF11 levels
in CDAII
 GDF11 increased expression in CDAII patients (mRNA and protein expression)

 GDF11 increased
expression sh-SEC23B
K562 cells at 5 days of
erythroid differentiation

De Rosa G et al, EHA22, 2017

Administration of RAP-011 inhibits GDF11 action
in K562 sh-SEC23B
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 RAP-011 administration inhibits
GDF11 action leading to a
decreased phosphorylation of
smad 2 protein
De Rosa G et al, EHA22, 2017

Administration of RAP-011 reduces ERFE
expression in K562 sh-SEC23B
 K562 SEC23Bsilenced cells show
increased expression
of ERFE
Russo et al, Blood 2016

Relative expression
to b-actin

FAM132B
0,025
0,020
0,015

*

0,010

*

0,005

 RAP-011 administration to shSEC23B clones leads to a
decreased expression of
FAM132B gene

0,000
GDF11 GDF11 + GDF11 GDF11 + GDF11 GDF11 +
RAP011
RAP011
RAP011
sh-CTR

sh-70

sh-74

Erytrhoid differentiation - 6 days

De Rosa G et al, EHA22, 2017

Take home messages
 CDAs are caused by a deregulation of the erythropoietic process, with
subsequent unbalance between cell amplification and differentiation

 The pathogenetic mechanism of CDAs seems to be related either to
deregulation of mechanisms involved in cell division or to impairment of
mechanisms involved in DNA synthesis and chromatin assembly
 CDA (mainly type II) shares pathogenetic mechanisms with bthalassemia
 Erythroferrone (ERFE) expression is greatly increased in CDAII, where
it can contribute to the suppression of hepcidin and the systemic iron
overload
 Similarly to b-thalassemia patients, CDAII patients show increased levels
of GDF11
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Human phenotypes associated to GATA1
mutations
HGMD ID

Nucleotide
substitution

Amino acid
change

Phenotype

CM000517

tGTG-ATG

Val205Met

XLTDA

CM056588

cGGA-AGA

Gly208Arg

XLTDA

CP015790

Del(GG)>Ins(TC)

Gly208Ser

CM020277

CGG-CAG

CM070935

Clinical features
PLT phenotype

RBC phenotype

Bone marrow

Thrombocytopenia; abnormal
platelet morphology and function

Poikilo/Aniso-cytosis Dyserythropoiesis; small dysplastic megakaryocytes

XLT

Severe thrombocytopenia;
abnormal platelet morphology

Ht: 43%
100 fL

Arg216Gln

XLTT

Thrombocytopenia; decreased alpha Mild betagranules; large PLT
thalassemia

-

gCGG-TGG

Arg216Trp

CEP

Thrombocytopenia; PLT
morphologically normal

Dyserythropoiesis; dysplastic megakaryocytes

CM012949

GAC-GGC

Asp218Gly

XDAT

Thrombocytopenia; decreased alpha
granules; large PLT

CM020278

gGAC-TAC

Asp218Tyr

XDAT

Paucity and giant PLT

CS063314

c.220G>C/c.220delG

-

IE-DBA

-

c.2T>C

-

IE-DBA

MCV:

Micocytotic and
hypochromic

Large megakaryocytes; erythroid precursors: mild
megaloblastic changes with delayed nuclear maturation

Dyserythropoiesis without anemia
Poikilo/Aniso-cytosis Dyserythropoiesis; dysplastic megakaryocytes

Normal number or slightly reduced Pokilo/Aniso-cytosis

Hypo-cellularity (erythrocytes and granulocytes); normal
or increased number of megakaryocytes

XLT, thrombocytopenia, X-linked; XLTT, thrombocytopenia with beta-thalassemia, X-linked; XDAT, dyserythropoietic anemia and thrombocytopenia, X-linked; CEP, congenital erythropoietic porphyria; IE, Impaired
erythropoiesis; DBA, Diamond-Blackfan anemia
PLT, platelet; RBC, red blood cell; TD, transfusion-dependent anemia

The N-terminal zinc finger
(NF) domain harbors most of
the GATA1 mutations causing
the GATA1-related cytopenias

Functional interaction between GATA1 and
SEC23B

 The direct binding of GATA1 to 5 predicted cis-elements (GATA1bs) within human SEC23B
upstream region was demonstrated
 Particularly, two sites, GATA1bs/HuSEC23B-2475 and GATA1bs/HuSEC23B-463, showed
high relative occupancy of the immunoprecipitated factor
 Two specific mutants, GATA1-G208R and GATA1-R216W, account for reduced
transactivation of SEC23B expression
Russo R et al, Haematologica 2017

Administration of RAP-011 inhibits GDF11 action
in K562 sh-SEC23B
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