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| Manufactured “artificial” blood 

2007 2016

1,900,000

1,600,000

200,000 200,000

220,000

270,000

NBTC 2015/16 Report
Moving annual total issues to Hospitals

STEM CELLS
RED BLOOD CELLS

PLATELETS

• Availability
• Biosafety

• Rare groups
• Acquired immunity

• Manufacture
• Controlled product
• Blood group specific
• Genetic engineering

DEMAND



| Manufactured “artificial” blood 

Scaling up

QUANTITY
QUALITY

Ex-vivo blood functionality

2018
Red blood cells from 

adult blood stem cells
Phase-I trial

Recovery
Survival

2018-20
Red blood cells from 

immortalised RBC line 
(Bela) from adult HSC

Phase-I trial
Recovery
Survival

Prof Julie Kent
Dr Rachel Hale

PUBLIC
PERCEPTION

?



| Platelets, origin

in vitro bone lungIn vitro Bone Lung

Italiano et al. Junt et al. Looney et al.



| Platelets, stem cell options
Yamanaka factors

SOX2, OCT4, KLF4, MYC
DONOR(s)

Dermal fibroblasts

Cord blood

Peripheral blood

Pluripotent

STEM CELLS

Renewable
Genetic engineering
Genetic instability (but anucleate blood)

Embryonic phenotype











THE CELLS THE PLATELETS

| Platelets, in vitro ways

1. DIRECTED DIFFERENTIATION (2006)
growth factors, external cues

2. PROGENITOR IMMORTALISATION (2014)
genetic modifications

3. FORWARD PROGRAMMING (2016)
transcription factors, internal cues

BIOREACTORS

iPSC mesoderm HE HSC
Blood 

progenitors
Megakaryocytes Platelets

MK specific TFs

3E+9 3E+11100x



Biomimetic scaffolds
bioengineered silk micro-tubes

Alessandra BALDUINI, 
2015

| Improving ex-vivo platelet biogenesis

Jonathan THON, 2014

Microfluidics biochips
polydimethylsiloxane (PDMS, silicon-based organic polymer)

11.2 cm

50E+6 MKs (0.2cm3)

Cedric GHEVAERT, 2017

Biomimetic scaffolds
functionalised collagen scaffolds



THE CELLS

| Platelets, in vitro ways

1. DIRECTED DIFFERENTIATION (2006)
growth factors, external cues

2. PROGENITOR IMMORTALISATION (2014)
genetic modifications

3. FORWARD PROGRAMMING (2016)
transcription factors, internal cues

iPSC mesoderm HE HSC
Blood 

progenitors
Megakaryocytes Platelets

MK specific TFs



| MK Forward Programming, the cells

Xeno-free chemically defined
Reduced cytokine input (low TPO,SCF)

Long-term purity
>90%MK, >60%maturity

High cell yield
>200,000 MK yield

Moreau et al., Nature Commun 2016

MK phenotype

LENTIVIRAL
VECTORS



| MK Forward Programming, the plateletsMoreau et al., 2016

Proplatelets

Platelet morphology

Platelet phenotype

laser vessel injury

Platelet function

NSG mice

Alexander Brill, Birmingham



| Research programme towards FiM

Cell model optimisation

GMP line
screen

Inducible
MKFOP

HLA-I
deletion

GMP scale-up
MKFOP

scaling-up
Loughborough

GMP
protocols

Bioreactor developments

Cambridge
Ghevaert

Boston
Platelet Biogenesis

Pavia
Balduini

Platelet
Assessment

Quantity, Quality

Benchmark

?

MHRA
validation

FiM
study

BIOLOGY

hiPSC derived
Universal platelets

HLA-I null
Ideally group O



| GMP stem cell screening

Identify GMP-grade hPSC lines with high MK programming potential

Mshef1018 lines
14 hESC/4 hiPSC

14% 75%

25%



| Inducible MK Programming

Replace lentiviral vectors for chemically inducible programming

Doxycycline inducible promoter

Zinc-finger Nucleases guided genetic modification

AAVS1 genomic locus
“safe harbour”

Optio-X system (Kotter lab)
iPSC

Research-grade
lines

GMP-grade line



| HLA-null universal platelets

Prevent HLA class-I surface expression to create universal platelets

Platelet transfusion refractoriness:
• Chronically transfused patients, multiparous women may develop anti-HLA class-I alloantibodies
• The NHSBT provides 6% HLA-I matched platelet units (management issue, extra cost) 

HLA-I

WT

KO

iPSC MK

Platelets
CRISPR/Cas9 guided genetic modifications
Beta2-microglobulin deletion



| Stem cell MK culture scale-up

Optimising stem cell MK ex-vivo culture to scale-up production

LIVE CELLSDEAD CELLS

CONDITIONING
FACTOR(S)

Growth
Td 35-85h

Mechanistic hypothesis for cell growth dynamics
MODELLING

High density growth curves



| MK Programming GMP transition

Translation of the MK programming protocol to GMP procedures

R&D

GMPResearch-grade reagents

Clinical-grade reagents



| Biology of MK Programming

GATA1
FLI1
TAL1

Early Programming events
Optimal TF dose
Gene network remodelling

Long-term culture
Transgene dependence
Long-term progenitor nature

Understanding the biology of MK programming to improve outcome



| Biology of MK Programming

TAL1

GATA1

FLI1

eGFP GATA1

E2ALSSmOrange FLI1

dTomato TAL1

EF1

RAINBOW lentiviral vectors

Programming TFs

Differentiation markers



| Biology of MK Programming

Single cell
technologies

+

Single cell RNAseq
Mature MK

Progenitor

Dead

TF impact
EARLY programming

Culture heterogeneity
LATE programming

Rainbow Index FACS


Single-cell CFU assay

Productive MK programming



| A FiM draft (2020-22)
hiPSC line
GMP-grade

MKFOP inducible
HLA-null

MK progenitors
Cryobank

MKFOP

Controlled
expansion/maturation

Bioreactor

Labelling (Cr51)
Irradiation

STUDY
Recovery
Survival

1E+10

1E+8



| Conclusions & Take-home

FiM 2020-22

• MK Forward programming technology allows the scalable generation of mature 
megakaryocytes in vitro from human iPSCs.

• Bioreactor systems under development (in house and collaborations) to increase 
platelet biogenesis ex vivo (Quantity & Quality)

• MKFOP technology progresses towards clinically compliant material and methods
(GMP lines, virus-free inducible programming, HLA-I deletion)    

MK Programming Bioreactors



| Acknowledgements

http://www.leukemia-lymphoma.org/
http://www.leukemia-lymphoma.org/


(…)



| Assessing ex-vivo platelets

• Morphology (Sysmex, TEM)
• Function:
1. Agonist activation (Flow)
2. Aggregation
3. Thrombus under flow

• Recovery, survival post transfusion
• Thrombotic dose
• Function:
1. Thrombus formation
2. Haemorrhages assay
3. Immunogenicity
• Improved mouse models (hVWF,…)



| Futuristic Platelets
CRISPR guided genetic modifications
a-granule targeting of therapeutic proteins

Factor-VII

VEGF2

VWF-SPD2

POI

Wilcox, 2013


