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Platelets – transfusion needs
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280,000 platelet units per year in the UK (£58M)
60% prophylactic (oncology, inherited deficiencies)

40% therapeutic (surgery, trauma)

2007 2016

220,000

270,000

NBTC 2015/16 Report
Moving annual total issues to Hospitals



Platelets – Sources

Department of Haematology

280,000 platelet units per year in the UK (£58M)
60% prophylactic (oncology, inherited deficiencies)

40% therapeutic (surgery, trauma)

2007 2016

220,000

270,000

NBTC 2015/16 Report
Moving annual total issues to Hospitals

Donors

3E+11 

platelets 
per unit

Voluntary donation dependency

Human product biosafety

Platelet unit shelf life (5-7 days)

Rare groups

Alloimmunisation

Supply line with platelets

Biosafety management 

(irradiation)

HLA universal platelets

Engineered platelets

hPSC

15,000 HLA-matched units/year
(cost x2; restricted pool of recallable donors)



Platelets – the journey to the front line

Department of Haematology

Donor 
collection AND 
processing of 
final product Surgical unit

Field hospital

Front line treatment

Platelets have a shelf-life of 7 days, need to stay at 
room temperature and need constant agitation….



ES/iPSC

Mesoderm

Haemogenic
endothelium

Directed differentiation

Environmental clues
(Cytokines, feeder cells) MK Platelets

ES/

iPSC

From iPSCs to Megakaryocytes and Platelets
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Moreau et al., Nat. Commun 2016

Gene Regulatory Network
(TF based rewiring)

GATA1

TAL1

FLI1

Forward programming



Moreau et al., Nat. Commun 2016

Forward Programming

d100
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iPSC Megakaryocyte/PlateletsMegakaryocyte-Erythroid
 Progenitors

GATA 1
TAL 1

FLI 1

PSC
MESO

(FGF2, BMP4)

d0 d2
MEPs/ MEGAKARYOCYTES
(TPO, SCF)

Matured MKs and Long-term culture

d20



Platelet functionality
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Thrombus formation in vitro (Collagen, flow chamber)

NSG mice
Human PLATELETS

(DONOR or iPSC)

Thrombus formation in vivo (Laser vessel injury)

Fop platelets donor platelets



The real challenge
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• Scaling up and manufacturing process

• Quality assurance and safety/ regulatory 
considerations

• Adoption by health providers and costs



Moving towards transfusion medicine
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Viral free 
MKFOP

inducible hiPSC 
lines

Adding 
benefits

customised 
platelets for 

everyone

GATA1
TAL1

FLI1

HLA Class 1

GMP hPSC 
lines

Platelet 
production

scaffold & 
bioreactors



Identifying the seed material
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Identify GMP-grade hPSC lines with high MK programming potential

18 lines
14 hESC/4 hiPSC

Evans et al, Blood Advances 2021



Moving towards transfusion medicine
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Viral free 
MKFOP

inducible hiPSC 
lines

Adding 
benefits

customised 
platelets for 

everyone

HLA Class 1

GMP hPSC 
lines

UKSCB 
repository

Platelet 
production

scaffold & 
bioreactors

GATA1
TAL1

FLI1



Inducible FOP – optimized TET-ON system
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OPTi-OX system

Pawlowski et al., Stem Cell Reports 2017
Evans et al, Blood Advances 2021

hiPSCs

rTTA=reverse tetracycline transactivator

TRE= tetracycline responsive promotor element

AAVS1

TRE-GFP   GATA1  TAL1  FLI1

ROSA26

rTTACAG
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Mks and Platelets from inducible FOP

GFP CD41a

- Dox

+ Dox

+ Dox

C
D

4
1
a

CD42aCD41a

Day 10 Day 30

C
D

4
1
a

CD42a

Day35
> 80% Mk committed > 95% Mature Mks > 45% viable PLTs

Day 10

Evans et al, Blood Advances 2021



Optimising media for MK culture

Department of Haematology Evans et al, Blood Advances 2021

AMK: bespoke culture medium with individual 
compounds available at GMP grade



Transitioning to GMP manufacturing
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Transitioning to GMP manufacturing
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Transitioning to GMP manufacturing

Department of Haematology Lawrence et al., NPJ Regen Med 2021

Current estimated 
production costs of 1 unit of 

platelets

£150,000 or 170,000 euros

….if we produce 100 functional 
platelets per MK….



Moving towards transfusion medicine
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Viral free 
MKFOP

inducible hiPSC 
lines

Adding 
benefits

customised 
platelets for 

everyone

GATA 1
TAL 1

FLI 1

HLA Class 1

GMP hPSC 
lines

UKSCB 
repository

Platelet 
production

scaffold & 
bioreactors



Platelets: defining a cell
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Platelets: defining a cell

Defining the cell we are going to give to patients in a central pillar of 
product safety and efficacy.

has agreed that a “standard” should be made against which 
academic and commercial venture that are making 
platelets for clinical use should test their product.

This will be a lyophilized platelet prep, stained with calcein AM to test viability and 
expressing by CD41 and CD42b for flow cytometry.

A further standard expressing P-selectin and activated ⍺IIbβ3 may come subsequently

Bouet et al., Bull Acad Natl Med. 2020
Mookerjee et al., Platelets 2020



Proplatelet formation



Proplatelet formation



Bioreactors for platelet production….choices choices…
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From 2D to 3D bioreactors

Balduini’s Group - Biomaterials 2018;178:122-133

Fluidic trap

Platelet drainage 
(platelet-rich medium:

1x1010 in 200 mL)

Feeding
tubing



Bioreactors for platelet production….and final product prep
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(1) Platelets release  (2) Nucleated cells removal      (3) Platelets concentration

IN    OUT
50x concentration

104 reduction in nucleated cells

MKs        Platelets

Centrifuged
Filtered
Fresh Plts

Preservation of 
platelet function

Bioreactor that 
triggers platelet 

release by cultured 
MKs

5 platelets per MK upon 5 passages



Moving towards transfusion medicine
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Viral free 
MKFOP

inducible hiPSC 
lines

Adding 
benefits

customised 
platelets for 

everyone

GATA 1
TAL 1

FLI 1

HLA Class 1

GMP hPSC 
lines

UKSCB 
repository

Platelet 
production

scaffold & 
bioreactors



Coppinger et al., Blood 2004

Supercharged platelets



iPSC

CD41 promotor fragment vWF-SPD2 GFP

Safe habour

Right TALEN

Left TALEN

Supercharged platelets
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CD41 promotor fragment vWF-SPD2 GFP

GFP can be specifically targeted into α-granules of FoP-Mks

Supercharged platelets



Supercharged platelets

• Targeting FVIIa to the platelet α-
granules:

• Novoseven is an IV injectable 
recombinant FVIIa with proven 
benefit for protracted bleeding

• Packaging into the platelet 
granules would remove 
thrombotic side-effects inherent 
to high systemic concentrations 
when using Novosevem



Supercharged platelets
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Mouse model of haemostasis

Day -1
Weights taken

Baseline bleeds

Day 0
IP injected with anti-

GP1b antibody

Day 2
• IV transfusion
• Tail transection 2mm, bled in tube 

with 40ml saline for 4mins (20mins 
total)
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Evans et al, Blood Advances 2021



Mouse model of haemostasis
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Platelets loaded with FVIIa show increase haemostasis in vivo
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Platelet that can be cryopreserved
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Upon cooling/freezing platelets
• Lose surface receptors due to cleavage driven by neuraminidases
• Lose CD42 expression (vWf receptor) due to cleavage at the hinge domain

• Shorter survival in circulation
• Loss of potency

iPSC Megakaryocyte/PlateletsMegakaryocyte-Erythroid
 Progenitors

Gene editing by CRISPR/Cas9 to create a 
Neu1-/- Neu3-/- GP1BAΔ cell line Cryopreservable/Lyophilised 

platelets



Platelets made in vitro – the journey to the front line
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iPSC banks
MK production

Banks of frozen MKs

On site platelet 
production

Supercharged 
universal platelets



Platelets made in vitro – the journey to the front line_truly disruptive
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iPSC banks
MK production

Lypohilised
supercharged 

universal platelets

Platelets H
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The Ghevaert Group
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