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| Manufactured “artificial” blood
200,000y~ 420,000

1,900,000

11,600,000

— 270,000

220,000

2007 NBTC 2015/16 Report 2016

Moving annual total issues to Hospitals

e Manufacture .

Availability
e Controlled product * Biosafety
* Blood group specific * Rare groups

* Genetic engineering

Acquired immunity



| Manufactured “artificial” blood
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| Platelets, origin

Spongy bone

Compact bone

Bone marrow

Blood vessels

MK blast Mature MK

10 days life-span
100x10° produced daily
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v Renewable
v Genetic engineering

Genetic instability (but anucleate blood)
X Embryonic phenotype

Yamanaka factors
SOX2, OCT4, KLF4, MYC
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| Platelets, in vitro ways
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2. PROGENITOR IMMORTALISATION (2014) /.

genetic modifications \{ & )
1. DIRECTED DIFFERENTIATION (2006)
growth factors external cues

HE )
o Platelets
MK specific TFs
BIOREACTORS

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



| Improving ex-vivo platelet biogenesis

Microfluidics biochips Biomimetic scaffolds Biomimetic scaffolds
polydimethylsiloxane (PDMS, silicon-based organic polymer) bioengineered silk micro-tubes functionalised collagen scaffolds
( \ r |
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| Platelets, in vitro ways
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3. FORWARD PROGRAMMING (2016)
transcription factors, internal cues
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Moreau et al., Nature Commun 2016 I\/IK Forwa rd Programmlng, the Ce”S
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Moreau et al., 2016

MK Forward Programming, the platelets
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\ Research programme towards FiM

9 hiPSC derived
'~ 0 Universal platelets
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l J J> | GMP stem cell screening

[ dentity GMP-grade hPSC lines with high MK programming potential
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i | Inducible MK Programming

Replace lentiviral vectors for chemically inducible programming

Amanda Dalby Zinc-finger Nucleases guided genetic modification
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| HLA-null universal platelets

Prevent HLA class-| surface expression to create universal platelets

Annett Mueller  p|atelet 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)

CRISPR/Cas9 guided genetic modifications
Beta2-microglobulin deletion MHC Class |
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oo (R | Stem cell MK culture scale-up

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

*?1 High density growth curves

Mechanistic hypothesis for cell growth dynamics
MODELLING

N
o

Offset caused by
medium supply

=
ul
1

(108 cells.mL?)

cG rowth

DEAD CELLS LIVE CELLS Sol 7/ 35_g5},

Viable cell concentration
Iy
(@]
]

Loughborough os |
University

0.0 + T T T
o] 50 100 150

Biological Engineering ;4 /-m\ Time (hours)

AT ———————

CONDITIONING
FACTOR(S)




| MK Programming GMP transition

Translation of the MK programming protocol to GVIP procedures
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| Biology of MK Programming

Understanding the to improve outcome
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| Biology of MK Programming

RAINBOW lentiviral vectors

Programming TFs

0.75% - 97.09%
dTomato B
1.91%
mGFT GATAI
W
% mGF
% A
by ST 0.08% 0.00%
b
k= GT
A
v ot #
e -
o F I
o W
G
/A’\ Nee |
PO ' 0.75%
CD235a

Differentiation markers

MKFOP Day



RAINBOW lentiviral vectors

Single cell
technologies
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| Biology of MK Programming

g
A

T T T T T T T T 1

RN S S R S
MKFOP Day

Single cell RNAseq

@
platelets @ ® - dead cells,
© U e\ )debris
) "o M ©

® ¢ \ PY

N ™ "\,,./J
( ) - ‘ ® &
O °®
(&) ) N
. K progenitor clusters
A A ]
4 ) SR ~ ﬁ\

\ . )
o e (M 4

\ &

B (@

Component2 (4%)
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MK progenitors | A F|M dl’aft (2020‘22)
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| Conclusions & Take-home

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)
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| Assessing ex-vivo platelets
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. Morph0|0gy (Sysmex, TEM) * Recovery, survival post transfusion
* Function: e Thrombotic dose
1. Agonist activation (Flow) e Function:

2. Aggregation
3. Thrombus under flow

1. Thrombus formation

2. Haemorrhages assay

3. Immunogenicity

 |mproved mouse models (hVWEF,...)



| Futuristic Platelets

CRISPR guided genetic modifications
a-granule targeting of therapeutic proteins

Enhanced haemostasis
cardiac surgery

Tissue repair

myocardial infarction
| - fopMKs -
a—targeted wild type
eG‘FP eGFP

VWEF-SPD2

POI ‘

Wilcox, 2013




