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Platelets — transfusion needs

280,000 platelet units per year in the UK (E58M)

60% prophylactic (oncology, inherited deficiencies)
40% therapeutic (surgery, trauma)
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Platelets — Sources

Donors hPSC
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Supply line with platelets
Biosafety management

Voluntary donation dependency
Human product biosafety ==
Platelet unit shelf life (5-7 days) . (irradiation)
Rare groups . - %8 HLA universal platelets
Alloimmunisation o Engineered platelets

15,000 HLA-matched units/year |

(cost x2; restricted pool of recallable donors) |
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Platelets — the journey to the front line

Donor

collection AN
processing of
final product
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From iIPSCs to Megakaryocytes and Platelets

Gene Regulatory Network
(TF based rewiring)
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“h: Platelets

Moreau et al., Nat. Commun 2016
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Forward Programming

GATA 1
TAL1

—>

iPSC Megakaryocyte-Erythroid Megakaryocyte/Platelets
Progenitors

e

Moreau et al., Nat. Commun 2016
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Platelet functionality

Thrombus formation in vitro (Collagen, flow chamber)
— Spiked calceinAM platelets (1E+7/ml) ——
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The real challenge

* Scaling up and manufacturing process

* Quality assurance and safety/ regulatory
considerations

 Adoption by health providers and costs
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Moving towards transfusion medicine

HLA Class 1
GATAl

Viral free MEYE

GMP hPSC MKFOP production

lines : _ : customised
inducible hiPSC scaffold & platelets for

lines bioreactors
everyone

benefits

platelets
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ldentifying the seed material

dentity GMP-grade hPSC lines with high MK programming potential

PLATELET
BIOGENESIS

Z: UK Stem Cell Bank

NIBSC &
catAPULT

Cell and Gene Therapy
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Moving towards transfusion medicine

HLA Class 1

GMP hPSC Viral free Platelet
lines MKFOP production

UKSCB inducible hiPSC scaffold &
repository lines bioreactors

benefits

customised
platelets for
everyone

Comp Ctrl
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Inducible FOP — optimized TET-ON system

ROSA26 S, xi -

Y \
Y \

/ \
/ \
y 4 \

... CAGH{ ITTA H.. .

s AL o X - —

OPTIi-OX system
rTTA=reverse tetracycline transactivator Pawlowski et al., Stem Cell Reports 2017

TRE= tetracycline responsive promotor element Evans et al, Blood Advances 2021
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Mks and Platelets from inducible FOP

-Dox > 4

Day 10 Day 30 Day35
> 80% Mk committed > 95% Mature Mks > 45% viable PLTs

[
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CD41la
CD41la

CD41a CD42a CD42a
Evans et al, Blood Advances 2021
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Optimising media for MK culture

A AMK: bespoke culture medium with individual
i compounds available at GMP grade
2 wo
B
é 100 | | Component Company Cat. No. GMP ml
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Transitioning to GMP manufacturing

Simplified Process Flow Diagram (PFD)

Pre-processing preparation
Coating culture Media Transfection
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Lawrence etlal., NPJ Regen Med 2021




Transitioning to GMP manufacturing

Figure 3
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Transitioning to GMP manufacturing

C 53' Priority Grid # from FMEA
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Transitioning to GMP manufacturing

Figure 4

Current estimated
production costs of 1 unit of
platelets

m 6 well plates mBMP4 ©DE6 mE8 mSCF mTPO mVitronectin VIN-N  m Other

£150,000 or 170,000 euros

0.3%
....if we produce 100 functional

platelets per MK....

0.2%

@ Total cleanroom space @ Renewals

0 Equipment depreciation and maintenance @ Operators

@ Logistics, support and maintenance mQC

®QA and QP E Recruitment costs

Lawrence et al., NPJ Regen Med 2021



Moving towards transfusion medicine

HLA Class 1

Viral free MEYE
MKFOP production

inducible hiPSC scaffold &
lines bioreactors

GMP hPSC
lines
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Platelets: defining a cell

Megakaryocytes Platelets
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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.

7 SN\
\«;V\:; World Health
& I‘ Organlzatlon 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 allbf3 may come subsequently

Bouet et al., Bull Acad Natl Med. 2020
Mookerjee et al., Platelets 2020
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Proplatelet formation
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Bioreactors for platelet production....choices choices...
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From 2D to 3D bioreactors

Sterile sponge Mk Medium
seeding Infused
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sponge cells bioreactor and platelet

collection

Feeding

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

Platelet drainage
(platelet-rich medium:
1%x1010 in 200 ml)



Bioreactors for platelet production....and final product prep

(1) Platelets release

Platelets per MK
[ ] (™} E-] Wi -]
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Bioreactor that
triggers platelet
release by cultured
MKs

5 platelets per MK upon 5 passages
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Pass2

Pass3

Pass4

Pass5

(2) Nucleated cells removal

IN

[Ungated] FS Area / SS Area

ouT

[Ungated] FS Area / SS Area

T T T
10° 10" 10?
FS Area

10

ul)" 15' 1&')z
FS Area

10%reduction in nucleated cells

MKs

Platelets

(3) Platelets concentration

—>

50x concentration

Fresh Plts

100 -~ Preservation of

90 -
80
70
60
50
30

20

10 v

platelet function




Moving towards transfusion medicine

HLA Class 1

GMP hPSC Viral free Platelet
lines MKFOP production

UKSCB inducible hiPSC scaffold &
repository lines bioreactors

benefits

customised
platelets for
everyone

Comp Ctrl

platelets
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Supercharged platelets
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Supercharged platelets
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Supercharged platelets

- VWF-SPD2
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Supercharged platelets

(intrinsic) pathway exrinsiapaway ® 1argeting FVlla to the platelet a-
Damagef surface o granu les:
e /_LQ,_,..-TFP' . Novoseyen isan IV ir!jecta ble
Y N, e recombinant FVIla with proven
L he v || mesersser < T benefit for protracted bleeding
N/ N ™ e packaging into the platelet
. pramonbin () ~——%——» mromsn 9 Sommen  granyles would remove
V\/Fbﬂ{” thrombotic side-effects inheren
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Supercharged platelets

vWF domain Light chain
furin cleavage site
. . (intracellular protease that
t(':"omb'” Ct'ealg’\“}lgle ’]f'te will activate FVII to FVila

O separate a itrom H . hortl fter t lati

: eavy chain shortly after translation)
FEEENG EEEUETED vy (Margaritis et al, 2004)

once secreted)

(eslinz g, 2072 Modified sequence of factor VII gene

Heavy chain W

Inside plateleta-granules

Light chain

\1\‘“ Heavy chain
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Supercharged platelets
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Mouse model of haemostasis
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Day -1 Day0 =
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Day 2
IV transfusion
Tail transection 2mm, bled in tube
with 40ml saline for 4mins (20mins
total)

Evans et al, Blood Advances 2021



Mouse model of haemostasis
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Platelets loaded with FVlla show increase haemostasis in vivo
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Platelet that can be cryopreserved

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

e Shorter survival in circulation
* Loss of potency

Gene editing by CRISPR/Cas9 to create a
Neul/ Neu3'/' GP1BAA cell line Cryopreservable/l_yophilised

% platelets

iPSC Megakaryocyte-Erythroid Megakaryocyte/Platelets
Progenitors



Platelets made in vitro — the journey to the front line

iPSC banks
MK productio

GATA 1
TAL1
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iPSC Megakaryocyte-Erythroid
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Platelets made in vitro — the journey to the front line_truly disruptive

iPSC banks
MK production
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