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Hematopoiesis







The Mature Erythrocyte |
(This Is not your average cell)

Aone guarter of cells in human body are RB
A2.4 million erythrocytes produced per seco
ADeveIop In the bone marrow

A7q8 microns in sizeuMm)

ACirculate for about 106120 days

AEach cycle of circulation takes 20 seconds
AErythrocyte components recycled by macrophages
AMust maintain slippery exterior

AMust maintain Integrity in circulation




Hemoglobin




Erythropolesisoccursin the bone marrow niche
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Regulation of Erythropoiesis

Fine regulation of erythropoiesisis a matter of life and death

101t erythrocytes /day

Iron, vitamines (B12, B9),
Hormones (T4, Androgens, IGF-1,..)

A Polycythemia

Stable Balance Hyperviscosity

Anemia
Hypoxia

ANo red cell = No life AToo much red cells = No life




ROLES OF CYTOKINES

‘ Proliferation

. ‘ Survival
‘ Differentiation




Erythropolesisoccursin the bone marrow niche
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GATAL: Thenastertranscriptionalfactor regulator of erythropoiesis

Pluripotent Progenitors
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GATAL: The mastdranscriptionalfactor regulator of erythropoiesis

- : Early erythropoiesis

Hematopoietic Stem  BFUE CFUE Proerythroblast ~ Basophilic ~Polychromatic Orthochromatic  Reticulocyte
Cell erythroblast erythroblast  erythroblast

OO I ITrED

Myeloid Lineage Erythroid Lineage

G

% Erythroid genes:
Hemoglobin, GPA, EPOR, metabolism

Erythroid Commitment Erythroid Differentiation and Survival



EPQsthe mainregulator of erythropoiesisallowingthe GATA1L
iInduceddifferentiation program

Early erythropoiesis
High proliferation

Hematopoietic Stem  BFUE CFUE Proerythroblast ~ Basophilic ~ Polychromatic Orthochromatic  Reticulocyte
Cell erythroblast erythroblast erythroblast

IL3 and SCF

EPO/EPER

GATAT

BhoopalarSVet al. 2020



EPQsthe mainregulator of erythropoiesisallowingthe GATA1L
iInduceddifferentiation program

Early erythropoiesis "
High proliferation

Plasma EPOR

_ - ] ] membran
Hematopoietic Stem  BFUE CFUE Proerythroblast ~ Basophilic ~ Polychromatic Orthochromatic  Reticulocyte ~__\oosssss
Cell erythroblast erythroblast erythroblast
: : : : 560000000 - o
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DA )
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GATA1 Survival
Proliferation

Maturation
Feedback inhibition

BhoopalarSVet al. 2020



Model of erythropoiesisregulation: O, regulatesEPGsynthesis

Activation of
% Erythroid Genes
 —
Activation of

Survival Factors

('Stabilization \ Differentiation of erythroid progenitors

Hematocrit

* HIFHypoxiainduciblefactor Adaptedfrom: KouryM andBondurantM , Science 199



Model of erythropoiesisregulation: Apoptosisas a keyregulator
\ Activation of .
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Adaptedfrom: KouryM andBondurantM , Science 199



Model of erythropoiesisregulation: Apoptosisas a keyregulator

cco,

\ Activation of
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 —
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Differentiation of erythroid progenitors

(( ) No differentiation
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Increased apoptosis of erythroid progenitors

v

Caspase Activation

Adaptedfrom: KouryM andBondurantM , Science 199



% . Epo

Differentiation of the erythroid lineage

What regulatessensitivity of erythroblaststo Epd?



What determine the sensitivity of progenitorsto Epoin the BM niche?

Bone Marrow

Oxygenis a keyregulator
/ﬂ INn the bone marrow niche
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TransferinReceptor A KeyRegulatorof Erythropoiesis

Early erythropoiesis
High proliferation

Hematopoietic Stem  BrUE CFUE Proerythroblast ~ Basophilic ~ Polychromatic Orthochromatic  Reticulocyte

Cell erythroblast erythroblast erythroblast
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TransferrinReceptoractivation synergizesvith Eposignaling
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Dussiotet al NatureMedicine2012



TransferinReceptorsynergizesvith Eposignaling
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TransferinReceptorsynergizeswith Eposignaling
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IgADbindsand stimulation activationsynergizeswith Eposignaling
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Transferrin Receptor Expression and Iron: Key Factors Underly
Erythroblast Sensitivity to Erythropoietin

? CD71 receptor
]( Epo Receptor

® cno

Survival and Erythroid Cell Death and Erythroid
Differentiation Differentiation Arrest

Dussiotet al NatureMedicine2012



Transferrin Receptor Expression and IgA: Key Factors Underlyir
Erythroblast Sensitivity to Erythropoietin

]( Epo Receptor

® cno

Survival and Erythroid Cell Death and Erythroid

9 /:‘ Differentiation Differentiation Arrest

Dussiotet al NatureMedicine2012



Caspasel Is a key playerin apoptosisof erythroid precursors

—— Survival and Differentiation

BFUE CFUE Proerythroblast33 No‘o\as

Y L




Caspasel Is a key playerin apoptosisof erythroid precursors

R Irreversible A Caspase-3
LA — mitochondria — _ Activation
hil Polych tic Orthochromatic  Reticulocyt ;J’ depOIarization A GATA]‘ Cleavage
B ilic olychromatic Or eticulocyte ]
era;ﬁrpoblast ery’?hroblast erythroblast A ApOptOS|S

atnl Cell Death/ No Differentiation



But transient caspase activatioms required for terminal erythroid
differentiation

F b
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Cleavage
Inducing
morphological
changes

EricSolary

Zermatiet al, JExp Med. 2001



And GATAIs not cleavedby Caspas&® during erythroid differentiation

- ¢ -

o . .
4 L5 -

| DN n
# S
»
\\' QORI ‘ !
NS

N\
Caspase Transient caspase
—/ activation
Nl LN B Ns
Activation of

Cleavage No Cleavage Survival Factors
Inducing

morphological
changes

Activation of
Erythr0|d Genes

. Differentiation

Zermatiet al, JExp Med. 2001

EricSolary



Caspase: A keyplayerin terminal erythroid differentiation and
apoptosis

m % Survival and Differentiation

Re\\o\)\o ((2.)
—» Transient caspase activation

R spase activa
. Qig and erythroid differentiation
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mitochondria — and
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Transient Caspase Activation

Caspase & critical both for
differentiation and apoptosis

Qg\
« Blockingthis celldeath procesanay
preventred blood cellgeneration»

Survival and Erythroid
Differentiation




Transient Caspase Activation

Caspase & critical both for
differentiation and apoptosis

@:\
« Blockingthis celldeath procesanay
preventred blood cellgeneration»

Celldifferentiation is an abortivecell

death program and thedecisionbetween
death anddifferentiation is made 1
downstreamCaspase activation ‘ Survival and Erythroid
Differentiation

How is GATAlprotected from cleavagedownsteamof caspase 3
activation in thepresenceof Epd?



Roleof chaperonproteinsin cellularhomeostasis
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Roleof chaperonproteinsin cellularhomeostasis

HeatShockProtien 70 (HSP70)

»
-/}
&
&
6’ protein being synthesised
haperone

1. Protein« folding »

.
“~.mRNA

2. Prevention ofdamaging
aggregates

heat-shock protein 70

\ —=-heat-shock protein 40

3. Disaggregatiorof aggretates

4. Protectingcancercellsfrom
death by downstreamcaspase

| § activation
finished protein

Is HSP70 the right candidate ?

CarmenGarrido



HSP70s constitutively expressedn bone marrow erythroid cells

GPA

HSP7/0 ¢ o 01 05 1

Caspase -3 - + + + +

GATA1 p— —_— =

Ribeil Zermatiet al Nature 200°



HSP7G@ccumulatean the nucleusduring erythroid differentiation,

colocalizingwith GATA1 at the time of caspase 3 activation
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Ribeil Zermatiet al Nature 200°



HSP7G@ccumulatean the nucleusduring erythroid differentiation,

colocalizingwith GATA1 at the time of caspase 3 activation
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The fate oferythroblasts¢ betweendeath andsurvivalc
dependson HSP7Muclearlocalization

Transient Caspase Activation Irreversible Caspase Activation
And HSP70 in the nucleus And HSP70 in the cytosol

l Survival and Erythroid J Cell Death and Erythroid
Differentiation Differentiation Arrest

RibeilJAet al, Nature 2007 Guillemet al ,Hematologica2021



What is responsiblefor mitochondrialdepolarizationand
caspase activatiomluring erythroid differentiation?



Deathreceptor Fas and-aslinteractionsactivate caspasesiuring
erythroid differentiation within the blood islands

— % m % . Transient Caspase Activation
| — and Differentiation

A

Hematopoietic Stem  BFUE CFUE Proerythroblast ~ Basophilic ~ Polychromatic Orthochromatic  Reticulocyte
Cell erythroblast erythroblast  erythroblast

Q D0 e

Transient Caspase
activation

m Erythroblastic islands
Marcel Bessisl958

De Maria et al, Nature 199¢

Negative
feedback




Fas and-aslinteractionsactivate caspasesluring erythroid
differentiation within the blood islands

SR T)

Hematopoietic Stem  BFUE CFUE Proerythroblast ~ Basophilic ~ Polychromatic Orthochromatic  Reticulocyte
Cell erythroblast erythroblast  erythroblast

Definitive Caspase
Activation and Apoptosis

Negative Irreversible Caspase
feedback activation

Erythroblastic islands

Marcel Bessis1958

De Maria et al, Nature 199¢



How doesEPO control FABducedcaspase activation?




Fasinducedmitochondrial depolarizationthrough Bid cleavageand

-3
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Lamarque, Courtois et al , CDD 20:



EpomodulatesBid cleavageboth through induction of Casein&kinase
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and Caspase 10 activation
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EpomodulatesBid cleavagehrough CaseineKinase a expressioand
Caspase 10 activation . Implication iInBdDS
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EpomodulatesBid cleavagehrough CaseineKinase a expressionand
Caspase 10 activation . Implication iInBdDS
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Metabolites

Healthy
erythropoiesis

«

Proliferation Differentiation/Maturation

EPO/EPO-R

GATA1

Abnormalities
¢ germlineor somaticmutations/ environmentalfactorsc
In this network may result in pathologicalerythropoiesis



Defectsin Erythropoiesis

Defects in erythroid commitment

Erythroid Lineage

. >

Geneticor environmentalfactors




Defectsin Erythropoiesis

Defects in erythroid commitment

Myeloid Lineage

Erythroid Lineage

S

Geneticor environmentalfactors

Defects in terminal erythroid
differentiation

Healthy Erythropoiesis

DefectiveErythropoiesi

Ineffective Erythropoiesis



I -Thalassemia Pathophysiology

Bone Abnormalities
Extra-medullary erythropoiesis



I -Thalassemia Pathophysiology
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Why do mutations in theHBBgeneresultsin defectivelate
stagedifferentiation?




b-thalassemia
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b-thalassemia

Control
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HSP70s sequesteredby alphachainglobinaggregatesand maybe a
target of XPQL1 inhibitors

a-globin HSP70 GATA1l Merge
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Dothalassemigrecursorsexpressdifferentiation/ proliferation
factorsthat canbe therapeuticallytargeted?

Secretedfactorsthat could play arole in ineffective erythropoiesisand
diseasemanifestations pone, muscle heart, endothelial cellg) ?



GDF11 (TGH memberfamily) expressionsincreased
INT - Thalassemienice and humans
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DussiotM and Maciel TT et al, Nature Med 20



GDF11: Amemberof the TGF) family of pleitropic cytokines
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Luspatercepisa TRAReceptorof GDF11

Luspatercept
=% ,00
(]
Luspatercept GDF 1
ActRIIB / 1gG1 Fc recombinant
fusion protein
Modified extracellular
domain of ActRIIB l

(GDF-8/11)

Human mmmmmmx
IgG1 Fc domain

Can GDHA1 TRAKRMprove ineffective erythropoiesis?

DussiotM and Maciel TT et al, Nat Med 2018uraganiet al Blood 201



Luspatercepincreaseshemoglobinlevels
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Luspaterceptorrects ineffectiveerythropoiesis
in af -thalassemiamouse model (Hb#1/th1)
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Luspaterceptreducesco-morbiditiesin af -thalassemiamouse model
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LuspaterceptreducesROJeneration a-globin, hemoglobin
precipitatesin] -thalassemia
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Luspaterceptestoration of terminal erythroid differentiation occurs
through GDF11trapping
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DussiotM and Maciel TT et al Natur®edicine 2014



LuspatercepinducesFASL andreducesineffective erythropoiesis
selecting« better » red cellswith more HbF(human)
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LuspatercepinducesFASL andreducesineffective erythropoiesis
selecting« better » red cellswith more HbF(human)
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Luspaterceptreducesblood transfusionneedsin thalassemigatients
and improvessomemanifestations of ineffectivesrythropoiesis

he NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ”

A Phase 3 Trial of Luspatercept in Patients
ith Transfusion-Dependent 8-Thalassemia

M.D. Cappellini, V. Viprakasit, A.T. Taher, P. Georgiev, K.H.M. Kuo, T. Coates,
. Voskaridou, H.-K. Liew, |. Pazgal-Kobrowski, G.L. Forni, S. Perrotta, A. Khelif,
A. Lal, A. Kattamis, E. Vlachaki, R. Origa, Y. Aydinok, M. Bejaoui, P,J. Ho,
L.-P. Chew, P.-C. Bee, S.-M. Lim, M.-Y. Lu, A. Tantiworawit, P. Ganeva,
L. Gercheva, F. Shah, E.J. Neufeld, A. Thompson, A. Laadem, J.K. Shetty,
J- Zou, J. Zhang, D. Miteva, T. Zinger, P.G. Linde, M.L. Sherman,
O. Hermine, ). Porter, and A. Piga, for the BELIEVE Investigators*
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