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Discoveries of Thrombopoietin in 1994
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Control of Megakaryopoiesis by Extrinsic and Intrinsic factors
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Proplatelet formation
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TPO or MPL mutation in mice and men

Platelet ~100x 10°/L (10% of normal)
Decreased MK and MK progenitors

Decreased erythroid and myeloid
progenitors and Stem cells

Alexander WS 1996, Kimura S 1998, Solar GP 1998
N Engl J Med. 2012; 367:11-9.

Congenital Amegakaryocytic
Thrombocytopenia

Congenital severe thrombocytopenia
Absent megakaryocyte in Marrow
Becomes Aplastic Anemia at 4-5 yrs
MPL: Bone marrow transplantation
TPO: TPO-RA

Br J Haematol 2000;110:441-8, Blood 2001;97:139-46
J Coll Physicians Surg Pak. 2014;24:285



TPO receptor agonists for ITP

Thrombopoietin
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Thrombopoietin receptor agonist (eltrombopag) in aplastic anemia
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Thrombopoietin activates many signaling molecules.
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pseudokinase kinase
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CALR binds and activates TPO receptor

A

Mutant
calreticulin

MPL

Mutant
calreticulin

CALR is discovered by
Whole exome sequencing of
JAK2-negative MPN

CALR/MPL mutations
Only ET/MF, Not PV

Blood 2016; 127: 1219
Blood 2016; 127: 1317

Blood 2016; 127: 1325
Blood 2016; 127: 1307



Disease-defining Driver Mutations

JAK2 CALR MPL
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LNK: Negative regulator of JAK signaling
Blood. 2017;129: 667-679 CBL: E3 Ub ligase for mutant kinases



Acquisition of mutated JAK2 ET VS P »
°

Clonal expansion
- Cooperation with other mutations, e.g., TET2
- Host factors, e.g., JAK2 46/1 haplotype
- Aging hematopoiesis

Higher Odds of ET Higher Odds of PV

~ult o
JAK2 mutated MPNs Chr9pLOH —e— <0.001
JAKZ clone >50% —e— <0.001
NFEZ —e—— 0.17
I heterozygosity - JAKZUTY ol 512340895 (G) —e— 0.004 (9p_JAKZ 46/1 haplotype)
- STAT1 activation - '
- Female gender - Phenﬁg?; mot‘:i?ﬁsn | Age =60 yr —e— 0.006
3 - Constraints on erythropoiesis g;cgc;n 12 muT:tiongns' i Male sex —e— <0.001
- Germline polymorphism, - Attenuated STAT1 rs10758658 (’d‘} —eo— (.47 {Qp, reduced MCH}
e.g., HBS1L/MYB - Male gender rs11042125 (T) o~ <(.001(11p. reduced Hb)
rs409801 (C) —e— (.14 (9p. increased Plt)
rs2236496 (C) —e— .09 (9p. reduced M[V)
1 10

Odds Ratio for Polycythemia Vera

Clonal evolution and
acquisition of additional mutations,
e.g., TP53, ASXL1

Accelerated disease

(increased blasts, fibrosis, dysplasia, splenomegaly) Ann Rev Pathol Mech Dis 2016, 11: 101
N Engl J Med. 2018; 379: 1416-1430.



Why JAK2V617F causes thrombocytosis, while JAK2 exon12 mutations
cause erythrocytosis?

Signal differences?

exon 12 exon 16
mutations R683G/S
204 547 / 811 875 Y1007

| 535 | |
T JH2 k KINASE (JH1))

\ " 4

Erythrocytosis  Heterozygous (Containing normal JAK2): ET
Homozygous (No normal JAK2): PV




1PS cell model for JAK2V617F vs. JAK2Exon12

Human Induced Pluripotent Stem cells (OCT2/SOX2/KLF4/CMYC reprogramming)

Retroviral transduced with JAK2 mutants under Doxycycline-inducible system

50 ng/ml TPO + DOX
Differentiation medium 50 ne/ml SCF & R
m
+ Cytokines 25 DI ES: 5 1U/ml EPO

Feeder cells ES Sac formation Erythroid Differentiation

preperation

Nungruthi Nilsri et al. Sci Rep. 2021;11:5255
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Distinct signaling of JAK2Exon12 vs. JAK2V617F in Erythroid cells

JAK2V61T7F-iPSCs JAK2exonl2-iPSCs
Without DOX mDOX

Total erythroid cells are increased
By JAK2 exon 12 mutation
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Nungruthi Nilsri et al. Sci Rep. 2021;11:5255
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total megakaryocyte count (cells/ul)
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Drug screening: Arsenic trioxide and Interferon target mutant JAKs
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Molecular Mechanisms of JAK2 mutations

Growth Factor . Growth Factor
Receptor Receptor

” = IFN-ax jp====TFN-a
p l— ASZO3 P [ l-_ AS203
‘\\ 0’

~

STAT1
STAT3 STAT5 m STAT3 STAT5 STAT1
o0 QZ# STAT1

(IR N
.. ® ....

Nungruthi Nilsri et al. Sci Rep. 2021;11:5255, Jaturawat Pawinwongchai et al. Platelets. 2022; 33:700-708




IFN + ATO inhibited a JAK2V617F+ mouse model
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Control of Megakaryopoiesis by Extrinsic and Intrinsic factors
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Transcription factor mutations: Hereditary Thrombocytopenia



Hematopoietic Hierarchy
Cell identification by surface markers

Repopulating cells .
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Identification by Single cell RNA seq

(a)
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MKs are derived directly from stem cells

In vivo labelling in mice ITHSC: P
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Nature 2018; 553: 212



New Hematopoietic Hierarchy

LT-HSC LT-HSC ST-HSC
VWF* VWF- (MPP1) MPP2

Proximity fo MK e, -
(Pinho, 2018) ) ( ) (. ; ( @ @ ._’
_ .. (\_ MK
MK MPP4: | MPP3 @ @
Steady-state (Rodriguez-Fraticelli, 2018) Y

TPO (Nakamura-Ishizu, 2018) GMP
Inflammation (Haas, 2015)
YRSACT (Kanaji, 2018)

- Steady-state (Rodriguez-Fraticelli, 2018) )

Arterioscler Thromb Vasc Biol. 2019:39:1288



Age-related thrombosis: MK from HSC
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MK subpopulations by single-cell analysis

A CD41 CD150 : MYLK4
Traditional marker-based classification
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Endomitosis

Unique to megakaryocytes
Increased DNA content: 2N, 4N, 8N, 16N,

32N, 64N and up to 124N

Increased protein production: cellular
enlargement

More efficient platelet production?

Counts
0 80 160240320400

Flow cytometry

MDS, cord blood and CML MKs have low Log DNA content
ploidy (Not necessary | platelet)




Endomitosis: No cytokinesis

Cyclins D1, D3, E, Cyclin B1, Aurora A, B
CDCe, MCM,_CDKZ, CDK1, PLK1
. p21CPL p1gINK4D ' Aurora A

Interphase G2
Interphase G1 Interphase S Prophase Metaphase Anaphase A

&

Anaphase B

RhoA, ROCK, ECT2,
GEF-H1,MYH10

= E APC chDH:l
w APC/CEPe20 / .. \ ECT2

W

Abortive
cytokinesis

4N

Interpahse G1 Polyploid MK

Telophase Platelets 2020: 31: 707



Endomitosis: YRhoA and ¥ MYH10 (RUNX1)

Mitosis P~
Tubulin PRC1 TOTO Early MK progenitor — ) ,g.;_,,. ( i(: : )
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Exp Hematol 2018; 57: 1-13



Proplatelet formation: Thm and branchmg

Rojnuckarin and Kaushansky. Blood. 2001;97:154-161



Large Protrusions /n vivo

A Microtubule
_ *\ Internal membrane
; ; Peripheral
. ' zZone
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B .
.
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C D Free large
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Membrane fusion/
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Brown et al. Life Sci Alliance. 2018;1(2):e201800061.



Megakaryocyte rupture
Intravital visualization in mice

) )

MK: Green fluorescence protein (GFP)
Blood flow: Dextran (red)

Nucleus: Hoechst 33342 (blue) Nishimura et al. J Cell Biol 2015: 209: 453-66









Megakaryocyte rupture

Normal physiology Acute platelet needs

Continuous platelet Platelet consumption/

production/clearance Inflammation
- Low IL-1a levels - High IL-1a levels ‘
- Thpo signals via - IL-1a signals via
megakaryocytic c-Mpl megakaryocytic IL-1R1
- Inhibition of Caspase-3 = - Activation of Caspase-3 ‘
activation / ®
P - Deregulated B1-tubulin

- Normal B1-tubulin
- Fast release of a large

Th number of enlarged platelets

- Slow release of a few
normally sized platelets

IL-1a

Nishimura et al. J Cell Biol 2015; 209: 453-66, Nieswandt et al. J Cell Biol 2015; 209:327-8



MK Budding in vivo

BM: hGPlbaWT

{

e 4
-
Budding MK

BM: hGPlbaFW

Budding MK

hGPlIbaWT

Sinusoid

hGPlbaFW

Ellis et al. Blood 2024; 143 (4): 342



MK budding is more than proplatelets
Intravital visualization in mice

(i) In vivo prop!atelet-like pseudopgdia (i) In u_fr'volmembrane b_uds | C In vivo D In vitro
z-projection |, optical section z-projection , optical section
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Potts et al J. Exp. Med. 2020; 217 (9): €20191206



MK buds are NOT platelets

- o - S

MK Buds

ltaliano et al. Blood. 2021 Nov 18;138(20):1998-2001

Platelets



Platelet formation from MKs

Early Multipolar spindle Centrosome Proplatelet
megakaryocyte Endomitosis Production of DMS during endomitosis clustering in G1 production

1. Cytoplasmic Fragmentation _
via the DMS 2. Budding

Gophase
(resting)

G,

Platelet

Release
®_0
o @
o ©

ltaliano et al. Arterioscler Thromb Vasc Biol. 2025;45:00-00. DOI: 10.1161/ATVBAHA.124.320392



Actin and Proplatelets

A Proplatelet model
Bone marrow Developing blood cell Formins
e “\__..—-/- \ £
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Blood. 2021:138:1998

ltaliano et al. Arterioscler Thromb Vasc Biol. 2025;45:00-00. DOI: 10.1161/ATVBAHA.124.320392



Actin organization in Mks

Plasma

Plasma Plasma+PMA
-

F-Actin
Nucleus

Nucleus
PKC

Rojnuckarin and Kaushansky. Blood. 2001;97:154-161



MK actin-rich podosomes

Podosome
Defect in

WASP
XLT

Blood 2013

_. E 121: 2379




Tubulin in MKs and Platelets

in vitro model

L
e """"-' \-\.____
o Q spherical proplatelet
roplatelet . :
B @ barbell proplatelet MAPs granules
(y discoid platelet centrosome Microtubule
_ . kinesin )\ dynein

kinesin  endothelial cell /_._/—' MAPs m siitochioniiy
O @ Granules @ microtubule

dynein  mitochondria

activated platelet

Open Biol. 14: 240041. https://doi.org/10.1098/rsob.240041



Cytoskeletal system: Hereditary thrombocytopenia with
abnormal-sized platelets

Macrothrombocytopenia
Bernard Soulier syndrome (Gplb or Gp [X)
MYH9-related disorders (May Hegglin anomaly)
Filamin A (FLNA) mutations (Gplb-Actin link)
Actinin-1 (ACTNT) mutations (Actin control)
B1 tubulin (TUBB1T) mutations

Microthrombocytopenia
Wiskott Aldrich syndrome or X-linked thrombocytopenia (WASP)



Approach to Macrothrombocytopenia

Macrothrombocytopenia
‘ (CBC, MPV and Blood smear) _l
With Bleeding (BS > 3) Without Bleeding (BS < 3)
Flow cytometry Gplb WBC Inclusion bodies
Wright stain or Immunofluorescence
Abnormal
1 \ Normal Normal J \ Abnormal
Bernard Soulier Electron microscopy .
Syndrome + Platelet aggregometry MYHS Elsorders
‘* ’
S ’
Optional » N J' 7 Optional
‘ /

Whole Exome Sequencing 7

Variants of unknown significance

Additional Tests to confirm pathogenicity

Medicine (Baltimore). 2020; 99 (47): e23275.



Benefits of Hereditary
Thrombocytopenia Diagnosis

Avoid unnecessary treatments of ITP and MDS.

Guide the treatment of amegakaryocytic thrombocytopenia
(Thrombocytopenia — Aplastic anemia)

MPL mutations: Rx Allogeneic BMT
THPO mutations: Rx TPO-RA

Screening for future abnormalities: Eye, Ear, Urine examination, LFT
in MYH9 disorders, May give ACEI

Genetic predisposition to hematological malignancy
BMT Donor selection
Couple counseling for future child



First iPSC-derived platelet transfusion in human

Somatic cell iPS cells imMKCL
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Sugimoto et al. iPLAT trial, Blood 2022; 140: 2398 and Blood Adv 2022; 6: 6056
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First iPSC-derived platelet transfusion in human

Cohort 1 Cohort 2 Cohort 3
Date of transfusion 2019522 2019.8.21 2020.1.22 [iii] D"l {1 hj D 1 4
Transfusion 0.5 JPN Units 1.5 JPN Units 5 JPN Units
11 1 11
dose 0.1 X10 03X10 10)‘:10 4 3.51% q- 1.?5%
107 = 107 1
PLT-pre [x10%/ul] 93 94 92
P <L 1.[].3 - ”O 1{]3 -
L .-;'h*-‘gg:-'
PLT-1h [x10%/ul] 90 92 92 m ,};_5-.
7 St 2 4
PLT-24h [x10%/ulL] 93 97 92 10 10
1 - 1 -
PLT-48h [x10%/uL] 94 101 100 10 10
| | | | | | | |
3
CCl-Th [x10°/uL] 475 -10.8 0 1{]1 1[}2 1,[}3 1{]4 1[}1 1,[}2 103 1{]4
CCl-24h [x10%/ul] 0 16.2 0 FSC-A
Adverse events MNone MNone None

Sugimoto et al. IPLAT trial, Blood 2022; 140: 2398



Glycoprotein Ib/IX/V complex

Gplba Gplba

LRR: vWF
binding site

R lopp

Bernard Soulier

Mutations in
either

GP1BA

GP1BB

GP9

GplbpB

GplX
GplX P

;'\;pe\“a :
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&

e0eded ‘F_/oouonocooooog Yeeocoose Actin

Rojnuckarin P. Recent Advances in iPSC Disease Modeling, Academic Press 2020; p. 187-199.



Glycoprotein Ib complex : Dual function

bl Glycoprotein Ib/IX/V complex

‘ Platelet

eececes  \/on Willebrand factor

*Activated Platelet

Megakaryocyte

Matrix "“L' )

2. Platelet Adhesion
and Activation

1. Proplatelet
Formation

Rojnuckarin P. Recent Advances in iPSC Disease Modeling, Academic Press 2020; p. 187-199.



Induced Pluripotent stem cell model

1PS from patients or Transduced 1PS
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Proplatelet formation from Bernard Soulier Syndrome

BSS-A iPSC-derived proplatelet  BSS-B iPSC-derived proplatelet Normal iPSC-derived proplatelet

Thick proplatelets
Mekchay et al. Thromb Haemost. 2019;119:1461



IPSC-derived platelets from Bernard Soulier patients

BSS
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1PS-derived Platelet sizes can be corrected by retroviral
transduction of GPI/BA or GPIBB genes
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Roles of GPIb in proplatelet formation

Hyperactive Hypoactive
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Pawinwongchai J et al. Platelets. 2021; 32: 1073



Rho GTPases control cytoskeleton
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Roles of GPIb in proplatelet formation

M255V: Hyperactive GPIb Mi: MAPK inhibitor
BSS: Hypoactive GPIb Ri: ROCK inhibitor
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Roles of GPIb in proplatelet formation
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Platelet formation in Tubulm GFP MKs

Proplatelet formation Budding Rupture

Dr Ponthip Mekchay



IL-10 increased Mk budding
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Thick proplatelets in Bernard Soulier cells
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Increase platelet yields by ROCK
and Myosin Il inhibitors
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Reversal of BSS phenotypes by
ROCK and Myosin Il inhibitors
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Reversal of BSS phenotypes by
ROCK and Myosin Il inhibitors
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Conclusions

Advance technology: IPSCs, Single-cell sequencing, Genetic
manipulation led to deeper insights in MK development

MKs can develop directly from HSC and modulate HSC properties
IPSC models for MPNs may lead to better target therapy

Understanding of platelet formation mechanisms may be helpful to

treat thrombocytopenia (Disease model and Drug screening) and
production of platelets for transfusion in the future
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