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Methods and Compositions

FIELD OF THE INVENTION
The invention relates to targeted delivery systems.

BACKGROUND OF THE INVENTION

Platelets are small and enucleated and cannot divide or reproduce. In the human body, they
perform the important function of recognising injured tissue and releasing their contenis to
reduce or prevent bleeding. Thrombopoietin from the kidneys and liver contact a myeloid stem
cell causing differentiation into a megakaryoblasorphant, and additional signails result in
differentiation of the megakaryoblast into a progenitor megakaryocyte. Progenitor
megakaryocytes are large cells with platelst precursor extensions that bud off fragmeants as they

divide and proliferate to create platelets.

Mitochondria, microtubules, and vesicles are containad within the platelets, and the platelets have
a life span of about 10 days before clearance by macrophages. Platelets have a volume of about
7um?® and a diameter of 300nm. They are metabolically active and can alter gene expression
through post-transcriptional control of preloaded mRNA expression {e.g. by miRNAs). Platelets
comprise intraceliular vesicles termed granules. On activation, degranulation is stimulated o

alter the shape and release the contents of the granules.

Platelets contain three primary subtypes of vasicles: a-granules (50 to 80 per platelet), dense
granules (3 to 8 per platelet), and large dense core vesicles {(LDCV) (about 10,000 per platelet).
Different mutations can selectively disrupt the biocgenesis of each vesicle subtype. The contents
of granules {including exosomes, a sub-set of platelet extracellular vesicles {PEVs) which are
predominantly stored in alpha-granules) are released by exocytosis. A huge variety of products

are released on platelst degranulation.

PEVs are membrane-bound entities that are produced by and released from platelets in response
to an activating signal. These PEVs represent the majority of extraceliular vesicles in the
circulatory system. Platelets primarily release two vesicle families,— a) microvesicles; and b}
exosomes (Heijnen, H. F. G., Schiel, A. E., Fijnheer, R., Geuze, H. J., & Sixma, J. J. (1999).
Activated platelats release two types of membrane vesicles: Microvesicles by surface shedding
and exosomes derived from exocytosis of multivesicular bodies and a-granules. Blood, 94(11),
3791-3799. https://doi.org/10.1182/blood.v84.11.3791).
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Microvesicles are produced by membrane shedding and capture a sample of the platelet’s
cytoplasmic content. Exosomes, in contrast, are stored within platelet a-granules, and are
released upon platelet stimulation mediated degranulation. Because of their distinct biogenesis
pathways, exosomes and microvesicies deliver distinct subsets of cargo and feature distinct

surface protein compositions and physical sizes.
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markers
Microvesicies 100-1000 Activation Eguivalent
nm dependent plasma | to platelet surface
membrane budding and | markers (as it is an
release cutbudding of the
plasma membrane)
Exgsomes 50-100 nm Production Cb9, Cb63, CD81,
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Table 1

Exosomes naturally transport a diverse range of cargoes between cells, including protein, RNA,
RNPs and chemical messengers. Exosome cargo represents both a stochastic sampling of the
cytoplasmic contents of the cell, in addition to featuring specific, enriched cargoes. The specific
rmechanisms of exosome biogenesis allow for targeting of exogenous cargo to them, and thus the
production of designer therapeutic exosomas. These have been produced in a range of cell types,
but importantly have been subsequently purified from these cells before delivery is attempted.
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Systemic delivery of exosomes has potential issues. Dug to their small size, they can passively
escape the circulatory system, thus limiting their uptake in target cells or tissues. Targeting
exosames to specific calls or tissues also relies upon either engineered surface markers {(Duan,
L., Xu, L., Xu, X., Qin, Z., Zhou, X., Xiao, Y., Liang, Y., & Xia, 1. (2021). Exosome-mediated
delivery of gene vectors for gene therapy. Nanoscale, 13(3), 1387-1397.
hitps://dol.org/10.1039/d0nr(7622h) or the natural target cell tropism of an exosome from a
particular producer cell. Thus, there is still a2 need for high-efficiency exosome targeting
technologies to permit systemic delivery.

Platelets respond to a variety of extra cellular signals through a diverse set of signaling pathway
receptors. Receptors act both to trigger intracellular signaling cascades resulting in platelst
degranulation, and effector release and to cause platelet aggregation and adhesion. Glycoprotein
VI platelet (GPVI} signaling functions analogously to many immune cell receptors - such as the
TCR. Interestingly, platslets also exprass toll-like receptors {TLRs) and can mediated targeted
killing of bacteria via peptide secretion and immune system activation.

g-granules have a diameter of about 200 to 500nm and make up about 10% of the platelet’s
volume. Exosomes are stored in the g-granules. Most effector proteins are found in a-granules.
For example, effector proteins released from a-granules inciude: integral membrane proteins,
such as P-selectin, allbB, and GPIba; coagulants/anticoagulants and fibrinolvtic proteins, such as
factor V, factor IX, and plasminocgen; adhesion proteins, such as fibrinogen and von Willebrand
Factor (vWF); chemokines, such as CXCL4 {cytokine (C-X-C motif) ligand 4), also known as
platelet factor 4 or PF4, and CXCL12 {cytokine {C-X-C motif) ligand 12), also known as stromal
celi-derived factor 1 alpha or SDF-1q; growth factors, such as elongation growth factor (EGF)
and insulin-tike growth factor 1 (IGF}; angiogenic factors/inhibitors, such as vascular endothelial
growth factor (VEGF), platelet-derived growth factor (PDGF), and angiostating; and immune
mediators, such as immunoglobulin G (IgG) and complement precursors.

Danse granules have a diameter of about 150nm and make up about 1% of the platelet’s volume.
Effector proteins released from dense granules include cations, such as Ca® and Mg?;
polyphosphates; bicactive amines, such as serotonin and histamine; and nucleotidsas, such as
adenosine diphosphate (ADP) and adenosine triphosphate (ATP).

LDCVs have a diameter in the range of about 150nm to about 300nm and make up about 13.5%
of the platelet’s volume. Effector proteins released from LDCVs include structural proteins {(e.g.,
granins and glycoproteins); vascoregulators (e.g., cateholamines, vasosiating, renin-
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angiotensin}; paracrine signaling factors (e.g., guanvlin, neurotensin, chromogranin B); immune
mediators (e.g., enkalytin and ubiquitin); opicds {e.g., enkephalins and endorphins); ions (e.g.,
Ca’", Na+, Cl-), and nucleotides and polyphosphates (e.g., adenosine monophosphate (AMP),
guanosineg diphosphate (GDP), uridine-5'-triphosphate (UTP}).

Current cell therapies based on engineered chimeric antigen receptor T cells {(CAR-T celis} have
shown promise in treating cancer; however, concerns regarding their safety, specifically
oncogenic transformation in the patient, and the limited ability to generate a generic or universal
therapeutic product have restricted their use to a small number of patients. There is a long feit
need in the art for a new type of therapy with the potential to treat cancer, autoimmune
conditions, and infections, free from the safety, cost, and patient matching issues which plague
current call therapeutic products.

SUMMARY OF THE INVENTION

The invention provides various componeants, compositions and methods that can be used in the
safe delivery of a cargo to a subject — in preferred embodimeants the safe delivery is a targetad
safe delivery. The various components, compeositions and methods described herein can also be
used to stimulate T cells in addition to, or instead of, delivering a cargo to a subject. The celi or
celi-like entities that are used to generate the delivery entilies, and the delivery entities

5

themselves are collectively termed “chassis” herein. For example the chassis may be an
“effector-chassis” which is the chassis that is actually administered to a subject in need thereof,
with the aim of either delivering a particular cargo, for example delivering a particular cargo in a
targeted manner; or with the aim of engaging specific receptors of the invention that are present
in the membrane of the effector-chassis with the corresponding target in the subject - i.e. the

effector-chassis does not have to comprise a cargo for it to be useful.

The chassis described herein may also be a “producer-chassis”. A producer chassis is a8 chassis
that is directly able to produce platelets, or platelet-like membrane-bound cell fragments, or
anucieate cell fragments. For example in some embodiments a producer-chassis produces
platelets, or platelsi-like membrane-bound cell fragments, or anucleate cell fragments via
extension of the plasma membrane to form protoplatelets which are then fragmented in to
platelets, or platelet-like membrane-bound cell fragments, or anucleate cell fragments.

In some embodiments, by "anucleate cell fragmenis” we do not include the meaning of red blood
cells {erythrocytes), or fragments of red blood cells. It is also clear that in some preferred
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embodiments “anucleate cell fragment” is not intended to include within the meaning extracsliular
vesicles or other lipid-bound vesicles. The skilled person is readily able to understand what is
intended by “anucieate cell fragments”.

Accordingly, in some embodiments the anucleate cell fragments are not red blood cells. In some
embodiments the anucleate cell fragments are not fragments of red blcod cells. In some
embodiments the anucleate cell fragments are not extracellular vesicles. In some embodiments

the anucleate cell fragments are not exosomes.

In preferred embodiments the anucleate cell fragments are produced from producer-chassis as
described herein.

It is clear to the skilled person from the disclosure herein that many of the modifications that
result in the production of “effactor-chassis” describad herein can be made far upstream in the
maturation of the producer-chassis that subsequently produces the effector-chassis, It is clear
therefore that it is appropriate that in some instances the chassis described hearein may be a
“progenitor-chassis”. A progenitor-chassis is in preferred embodiments an immortal cell that can
be reliably used to generate producer-chassis. As is apparent, in some preferred embodiments
the progenitor-chassis is an immortal cell such as an iPSC that has been engineered fo
differentiate into a particular producer-chassis, such as a megakaryocyie. A progenitor-chassis
also includes immortalised celis such as adipocytes and cells that are the result of
transdifferentiation of otherwise mature cells such as dipose-derived mesenchymal stromal/stem
cell line (ASCL) (see Tozawa et al 2019 Blood 133:033-643).

The in vivo differentiation pathway from myeloid stem cell to a megakaryoblast to a
megakaryocyte, or the in vitro differentiation of iPSC to a megakaryocyte is well defined, and the
skilled person knows how to produce platelets or platelet-like membrane-bound cell fragments,
and knows which cells are progenitors of the platelets or platelet-like membrane-bound cell
fragments. For example, there are various ways to drive a progenitor call as describad herein,
such as an iIPSC, to differentiate in to a producer-chassis as described herein. One such method
is known as “forward programming” and drives the differentiation of PSC directly to
megakaryocytes {see for example Forward Programming Megakaryocytes from Human
Pluripotent Stem Cells, Thomas Moreau, BBTS Annual Conference, Glasgow 2017
1045 thy lomond moreau (GpdD and typically invoives the expression of one or more

transcription factors {(Gatal, Tall and Flil) that drive differentiation to megakaryocytes.
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Exemplary chassis described herein include a myeloid stem cell, an iPSC, a megakaryoblast, a
megakaryocyte, a megakaryocyte-tike cell, adipocyte, adipose-derived mesenchymal
stromal/stem cell line {ASCL), a platelet, a platelet-like membrane-bound cell fragment or an
anucleate cell fragment.

Exemnplary progenitor-chassis include a myeloid stem cell, an IPSC, adipocyte, adipose-derived
mesenchymal stromal/stem cell line (ASCL), and a cancer cell-line or other immortal cell that is
capable of producing a producer-chassis as described herein.

Exemplary producer-chassis include a megakaryoblast, a megakaryocyte, a megakaryocyte-like
cell, or a cancer cell line or other immortal cell that is capable of forming a platelet, a platelet-
like membrane-bound cell fragmeant or an anucleate cell fragment, such as a MEGD1 or DAMI

cancer cell iine.

Exemnplary effector-chassis include a platelet, a platelet-like membrane-bound cell fragment or

an anucleate cell fragment.

The chassis described hersin also include any immortal versions of these celis/celi-like entities,
that have been driven to differentiate into any one or more producer cells as described herein,
for example in some embodiments the chassis has been “forward programmed”, i.e. engineered
s0 as to knockin or knockout particular genes (or otherwise modify gene expression such as
through the use of RNAI) {o direct differentiate into megakaryocytes.

Any of the chassis described herein may be modified to express one or more receptors of the
invention, for example any progenitor-chassis, producer-chassis or effector-chassis may be
modified so as to express any one or more chimeric platelet receptors (CPRs), universal chimeric
platelet receptors {universal CPRs), complexes of universal CPRs and tagged targeting peptides,
synthetic antigen presenting receptors (SAPRs), or engineered protease activated receptors
{ePARS) dascribed herein. By “exprass” we include the meaning of transcription and translation,
or translation alone. For example, the receptors described herein must be displayed on the
surface of the chassis {i.e. in the plasma membrane). In some embodiments the chassis has
been modified at the nucleic acid level so as to introduce a nudeic acid that encodes for the
receptor. In this instance the chassis must transcribe and translate the nucleic acid to produce
the functional protein. In other instances, the chassis may be modified to introduce an mRNA

that is translated into a functional receptor of the invention. Accordingly in the context of
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exprassing a receptor of the invention, the intention is to ensure that functional receptor protein
is produced.

In some embodiments the chassis has only been engineered to express one or more raceptors of
the invention, for example any progenitor-chassis, producer-chassis or effector-chassis may be
modified so as o exprass any one or more chimeric platelet receptors (CPRs), universal chimeric
platelet receptors {universal CPRs), complexes of universal CPRs and tagged targeting peptides,
synthetic antigen presenting receptors {SAPRs), or engineered protease activated receptors
{ePARS) described herein - i.e. in some embodiments no further engineering steps have been
performed on the chassis.

Any of the chassis described herein may be engineered so as to modulate any one or more
different pathways, for example any progenitor-chassis, producer-chassis or effector-chassis may
be engineered to as fo:

i} to disrupt a platelet inflammatory signaling pathway;

ii) to make the engineered chassis iess immunogenic;

ili) to enhance or disrupt one or more base functions of the chassis, wherein the one or
more or base functions are involved in the innate and/or adaptive immune response,
inflammation, angiogenesis, atherosclerosis, lymphatic development and tumour growth;
and/or

iv) engineered to disrupt a platelet thrombogenic pathway.

In some embodiments, the:

i) platelet inflammatory signaling pathway

it} pathway that when modulated makes the engineered chassis lass immunogenic;

iii}y base function involved in the innate and/or adaptive immune response,
inflammation, angiocgenesis, atherosclerosis, lymphatic development and tumour growth;
and/or
iv) platelet thrombogenic pathway

is a pathway that is found in any one or more of:

a) an engineered progenitor-chassis for exampie a myeloid stem cell; an iPSC; a cancer
cell-line that is capable of producing a producer-chassis; adipocyte; adipose-derived
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mesanchymal stromal/stem cell line (ASCL); or other immortal cell that is capable of producing
a producer-chassis;

b} an enginesred producer-chassis for example a megakaryoblast; a megakaryocyte;
a megakaryocyte-like cell; a cancer cell line that is capable of forming a platelet for example a
MEGO1L or DAMI cancer cell line, a platelet-like membrane-bound cell fragment or an anucieate
cell fragment; or other immortal cell that is capable of forming a platelet, a platelet-like
membrane-bound cell fragment or an anucleate cell fragment; or

¢} an engineerad effector-chassis for example a platelet, a platelet-like membrane-

bound cell fragment or anucleate cell fragment.

In some embodiments the chassis has only been engineered so as to
modulate any one or more different pathways, for example any progenitor-chassis, producer-
chassis or effector-chassis may be engineered to as to:

i} to disrupt a platelet inflammatory signaling pathway;

il to make the engineerad chassis less immunogenic;

it} to enhance or disrupt one or more base functions of the chassis, wherein the one or
more or base functions are involved in the innate and/or adaptive immune response,
inflammation, angiogeneasis, atherosclerosis, iymphatic development and tumour growth;
and/or

iv) engineered to disrupt a platelet thrombogenic pathway.

i.e. in some embodiments no further engineering steps have been performed on the chassis.

Any of the chassis described herein may be engineered so as {0 express one or more receptors
of the invention and has been engineered so as to modulate any one or more different pathways
i.e. in some embodiments the invention provides any of the chassis as described herein that has
been engineerad to:

A) modulate any one or more different pathways, for example any progenitor-chassis, producer-
chassis or effector-chassis may be engineered {0 as to:
i} to disrupt a platelet inflammatory signaling pathway;
ii) to make the engineered chassis less immunogenic;
iii} to enhance or disrupt one or more base functions of the chassis, wherein the one or
more or base functions are involved in the innate and/or adaptive immune response,
inflammation, angiogenesis, atherosclerosis, lymphatic development and tumour growth;

and/or
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iv) engineered to disrupt a platelet thrombogenic pathway;

and

B) express any one or more chimeric platelet receptors {(CPRs), universal chimeric platelet
receptors (universal CPRs), complexes of universal CPRs and tagged targeting peptides, synthetic
antigen presenting receptors {SAPRs), or engineered protease activated receptors (ePARS)
described herein.

Effector-chassis as described hersin include platelets, platelet-like membrane-bound cell
fragments, and anucleate cell fragments, that in some instances have been produced from a

producer-chassis.

The actual delivery agent {or T cell stimulating agent) that is administered to a subject and that
is intended to produce an effect in a subject is herein termed an effector-chassis, and includes
within its meaning a platelet, or platelet-like membrane bound celi fragment, other cell fragment
or Synlet (as described herein), that is derived from any of the producer-chassis as described
hersin. A producer-chassis as describad herein includes within its meaning any cell (including an
engineered cell) that is upstream in the typical differentiation process that directly produces an
effector-chassis, i.e. a platelet or platelet-like membrane-bound cell fragment, or Synilet.

The general term “chassis” is intended to encompass all of the progenitor-chassis, the producer-
chassis and the effector-chassis that can be derived from the producer-chassis.

In some embodiments, the effector-chassis is not used to deliver cargo, for example in some
embodiments a sffector-chassis that comprises a SAPR of the invention but that does not
comprise a cargo is considered to be useful, as is apparent to the skilled person from the

discussion herein.

In a preferred embodiment, the effector-chassis and/or the producer-chassis and/or the
progenitor-chassis comprises a chimeric platelet receptor (CPR), a universal CPR, a complex
comprising a CPR and a tagged targeting peptide, a SAPR or a ePAR as described herein.

The receptors as described herein essentially re-direct the normal intraceliular functioning of a
platelet-surface receptor, so that rather than intraceliular signaling occurring in response to
recognition of the native endogenous cognate target for a particular receptor, the intraceliular

.9.
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signaling occurs in response to a different target i.e. the “target binding domain” of the receptor
is modified so as to bind to a target of interest, for example a cancer neg-antigen.

In a first aspect the invention provides:

A chimeric platelet receptor wherein the receptor comprises:

a) an intracellular domain that is a platelet modulation domain; and
b} a heterologous target binding domain that recognizes and binds a target.

To be clear, preferences for the target binding domain described here in relation to the CPR are
also preferences for the platelet modulation domain of other aspects of the invention, e.g. the
Universal CPR, Complex of Universal CPR and tagged targeting peptide, and the SAPR described

herein.

Platelets naturally comprise recaptors that transduce external signals to effect various functions
of the platelet. For example platelet receptors that comprise ITAM domains, once activated by
binding to an appropriate target, are considered to activate the platelets’ thrombogenic pathways
and degranulation pathways. Platelet receptors that comprise ITIM domains, once activated by
binding to an appropriate targst, are considered to inhibit the activation of the platelet
thrombogenic pathways, and thereby inhibit the activation of degranulation. The recepiors and
chassis as described herein that comprise the receptors are considered to redirect this natural
process to particuiar targets, so that the platelet in some exampies degranulates in response o
a different target to which it would usual degranulate. It is considered that in order to achieve
platelet activation {e.g. degranulation) or inhibition of activation (for example inhibition of
activation of degranulation) all that is reguired is a receptor as described herein that comprises
an external domain that binds to the target, and an internal domain that can modulate the
behaviour of the piatelet {or effector-chassis as described herein). In order for the sffector-
chassis to respond appropriately o target binding to the receptor, the relevant internal pathways
must be functional. For example in some embodiments as described herein the thrombogenic
pathway is disrupted, as in some embodiments it is preferred if the effector-chassis does not
trigger the usual thrombogenic pathway in response o binding to a target; but for degranulation
to occur the effector-chassis must have a functional degranuiation pathway.

Degranulation occurs through the generation of IP3. Receptors that comprise ITAMs are

phosphorylated upon target binding, which results in the recruitment of Src family kinase (such
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as Syk). Recruitment of the Src family kinases results in PLC-gamma-2 activation and IP3
generation. Activation of the ePAR as described herein triggers PLC-Beta activation and IP3
generation.

IP3 binds to and activates IP3-Receptors, triggering Ca2+ influx to the platelet cytoplasm from
intraceliular stores and the extracelular milieu. CaZ+ triggers the exocytosis of alpha-granules
{degranulation} and a range of other events, culminating in platelet activation, including
degranulation.

Accordingly it is clear that in some preferred embodimeants, any of the chassis as described herein,
for example the progenitor, producer and effector-chassis comprises the necessary cellular
componeants to effect platelet activation and/or degranulation. For example in some
embodiments the chassis as described herein comprises Sre family kinases and IP3. In some
embodiments the chassis as described herein comprises PLC-beta and IP3. In some embodiments

the chassis comprises IP3-receptors.

The heterologous target-binding domain is the external part of a transmembrane protein that
also comprises an intracellular signaling domain. The intracellular signaling domain transduces
the binding of the target to the target binding domain so as to result in modulation of the platelat,
for example activation of the platelet. The skilled person appreciates that some receptors, such
as ITAM and ITIM receptors, require some degree of receptor clustering on the membrane surface
to effect intraceliular signaling and platelet activation. Accordingly, by binding of the target to
the target binding domain so as to result in modulation of the platelet, for example activation of
the platelet we include the meaning that binding of the target to the target binding domain resuits
in receptor clustering. The degree of receptor clustering required for activation of a platelet is
recaptor and target dependent. The skilled person is able to determine whether a given CPR of
the invention is able to effect platelet modulation using assays known in the art, for example the
assay involving P-selectin as described herein.

Since in some embodiments receptor clustering is considered to be necessary, when the CPR is
present in the membrane of an effector-chassis, in some embodiments the target to which the

receptor binds is a target that when bound by the CPR present in the membrane of the effector-

chassis rasults in CPR receptor clustering and activation of the platelet modulation domain.

For example, in some embodiments, the target is present on a cell surface or a tissue surface.
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By a heterologous targst binding domain we mean that the target binding domain is heterclogous
to the intracellular platelet modulation domain i.e. the target binding domain is not the usual
extracellular domain associated with the intraceliular domain. The heterclogous target binding
domain or heterologous tag binding domain may bind to an endogenous target, for example may
bind to a tumour antigen that is endogenous to a subject but, by virtue of the CPR being chimeric,
the target binding domain is heterclogous to the internal platelet modulation domain.

In some embodiments the target binding domain may be endogenous to the progenitor, producer
and/or effector-chassis, but is heterologous to the platelet modulation domain. e.q. the CPR is
not found naturally in any cell or progenitor, producer, and/or effector-chassis and has been
produced as the result of biological engineering. Accordingly in some preferred embodiments the
CPR is not a naturally occurring protein or complex.

In some embodiments the platelet medulation domain is a domain that is found in a base piatelet,
i.a. if a platelet modulation domain that is naturaily found in a platelet.

For instance, in embodiments where the intraceliular modulation domain comprises the
intracellular domain of Glycoprotein VI {GPVI), the targeting domain is not the extraceliular
domain of Glycoprotein VI (GPVI), i.e. the domains are heterclogous to one anocther. In some
embodiments, C-type lectinlike receptor 2 (CLEC-2) or Fc Fragment of IgG Receptor IIa {(FCgR2A}
may be altered in a similar way. In other embodiments, where the intracellular domain comprises
the intraceliular domain of C-type lectinlike receptor 2 (CLEC-2), the extraceliular targeting
domain is not the extracellular domain of CLEC-2; and in some embodiments where the
intracellular domain comprises Fc Fragment of IgG Receptor Ila (FCgR2A), the extracellular
targeting domain does not comprise the extraceliular domain of FCgR2A,

It is clear that the target binding domain may be a domain that is native to the subject, but is

not native to the intracellular domain.

The heterologous target binding domain may be any target binding domain that is able o bind
with some specificity to a particular target. Preferably the target binding domain binds speacifically
to the target or tag. By “binds specifically” we include the meaning that the target binding domain
binds to its target in & manner that can be distinguished from binding to non-targets (i.e. off-
targets). For example, a target binding domain that is specific for the target may refer to a target
binding domain that binds with higher specificity for the intended target compared with thatof &
non-intended target. Specificity can be determined based on dissociation constant through
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routine experiments. A target binding domain being “specific for” a target is intended to be
synonymous with a target binding domain being “directed against” said target.

Preferably the target binding domain binds only to its respective target, &.g. the immune cell
target o, and does not bind to any other molecule in the environment, for example in the human
body. However, it is be appreciated that some degree of off-target binding may be tolerated,
and the skilled person understands how to determine whether a particular binding activity is of
the required specificity or not. Accordingly, the binding domain may bind specifically to the

intended target, whilst also binding to some lower level to non-target or non-tag molecules.

In one embodiment the target binding domain does not bind to collagen.

The invention described herein also provides a CPR that in some embodiments comprises a
heterologous target binding domain that comprises or consists of any of the sequences or proteins
or portions of proteins described as the “second region” in paragraph [0012] on page 3 of
PCT/GB2020/053247 which is hereby incorporated by referencs.

The CPR of the present invention are proteins and are expressed as a single transcript.

The target can be any target which is able to specifically bind to a proteinaceocus sequence or

fragment or domain.

In some embodiments, the target binding domain binds to an endogenous target that is found
on a tissue in the body of a subject or on a cell or in a particular location of a subject, for example
the endogencus target may be a target that is present on tissue, or on a particular subset of
tissue, or in plasma or blood of a subject, for example a human subject for example in the blood.
In some embodiments the target is a target that is only presentad during one or more disease
states, for example in some embodiments the target is a neoantigen that arises in a tumour cell.
In some embodiment the target is a target that is only present in significant amounts for example
abnormal levels on a tissue or cell that does not normally express the target and/or is only present
in a localised manner during or more disease states. An effecior-chassis of the invention {(as
described herein) that comprises one or more CPRs of the invention can be used to “survey” for
abnormalities that may occur upon the commencement of a state of disease, or progression of
disease, and the cargo can be released. The target binding domain can be any domain that can
bind to a marker of disease,
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The target binding domain preferably binds to an endogenous target as describad hersin. In
some embodiments the target binding domain binds to an artificial or exeogenous target - L.e. in
some embodiments the target binding domain, in order to achieve activation of the platelet and
degranulation, has to bind to an exogenous agent that is provided to the subject. The target
binding domain in some embodiments binds to a “designer drug”, and/or the target binding
domain has been designed using Designer Receptor Exclusively Activated by Designer Drugs
{DREADD) as described in WO 2020072471,

In some embodiments binding of the target binding domain to an endogenous target is sufficient
to modulate the platelet via the platelet modulation domain..

In some embodiments the target is present on a cell surface or a tissue surface.

In some embodiments the target is a target such that when the CPR or universal CPR is praesent
in a platelet membrane, after binding of the target to the target binding domain the CPRs or
universal CPRs cluster on the plasma membrane. By a platelet in this instance we mean a
standard base platelet that has not be engineered to disrupt any signalling pathways for instance,
and has only been engineerad to express the CPR or universal CPR,

In some embodiments when the CPR or universal CPR is present in a platelet membrane, after
binding of the target to the target binding domain the platelet modulation domain is activated.
By a platelet in this instance we mean a standard base platelet that has not be engineered to
disrupt any signalling pathways for instance, and has only been engineered {0 express the CPR
or universal CPR. This is g test that the skilled person can readily perform to determine whether
a given CPR or universal CPR is a CPR of the invention, since in some embodiments when a base
platelet has been engineered 1o express one or CPRs or universal CPRs, binding of the target
binding domain to the target:

a) results in degranulation of the platelet;

b} results in the release of contents from the platelet;

¢) resuits in the presence of intraplatelet contents on the plasma membrane of the
platelet;

d) results in the release of extracellular vesicles via blebbing from the plasma membrane;
and/or a small molecule drug, imaging agent, radionucieotide drugs, radionucieotide
tagged antibodies, or conjugate any thereof;
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&) resuits in a change of shape of the platelet from a biconcave disk to fully spread cell
fragments; and/or
) results in an influx of calcium into the platelet.

In some embodiments when the CPR or universal CPR is present in a platelet plasma membrane,
after binding of the target binding domain to the target the CPRs or universal CPRs cluster on the
surface of the platelet plasma membrane, wherein said clustering is sufficient to activate the
platelet modulation domain. By a platelet in this instance we mean a standard base platelef that
has not be engineered to disrupt any signalling pathways for instance, and has only been
engineered to exprass the CPR or universal CPR.

In addition to target binding to a target binding domain of a CPR or universal CPR present in a
base platelet causing receptor clustering, platelet activation, or activation of the platelet
modulation domain, it is preferrad if target binding to a target binding domain CPR or a universal
CPR in an effector-chassis as described herein (&.g. a platelet, platelet-like membrane-bound cell
fragment or anucleated cell fragment), for example that may or may not have been engineerad

to modulate one or more pathways such as:

i} to disrupt a platelet inflammatory signaling pathway;

il} to make the engineered chassis less immunogenic; and/or

it} to enhance or disrupt one or more base functions of the chassis, wherein the one or
more or base functions are involved in the innate and/or adaptive immune response,
inflammation, angiogenesis, atherosclerosis, lymphatic development and/or tumour
growth; and/or

v} engineered to disrupt a platelet thrombogenic pathway;

also causes activation of the effector-chassis, activation of the CPR or universal CFR platelet
rmodulation domain; and/or CPR clustering on the surface of the effector-chassis.

Accardingly, in some embodiments the target is a target such that when the CPR or univearsal
CPR is present in an effector chassis as described herein, after binding of the target to the target
binding domain of the CPR or universal CPR, the CPRs or universal CPRs cluster on the plasma
membrane, The effector-chassis may or may not also have been engineered to disrupt one or
more pathways as described hersin.

- 15
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In some embodiments when the CPR or universal CPR is present in an effector-chassis membrane,
after binding of the target to the target binding domain the platelet modulation domain of the
CPR or universal CPR is activated. The effector-chassis may or may not alsc have been enginesrad
to disrupt one or more pathways as described herein. In some embodiments binding of the target
to the target binding domain of the CPR or universal CPR:

a) results in degranulation of the effector-chassis;

b} results in the release of contents from the effector-chassis;

<) resulls in the presence of intraplatelet contents on the plasma membrane of the
effector-chassis;

d) results in the release of extracellular vesicles via blebbing from the plasma membrane;
and/or a small molecule drug, imaging agent, radionucieotide drugs, radionucieotide
tagged antibodies, or conjugate any thereof;

2} results in a change of shape of the effector-chassis from a biconcave disk to fully spread
cell fragments; and/or

) results in an influx of calcium into the effector-chassis.

In some embodiments when the CPR or universal CPR is present in an effector-chassis plasma
membrane, after binding of the target binding domain to the target the CPRs or universal CPRs
cluster on the surface of the effector-chassis plasma membrane, wherein said clustering is
sufficient to activate the platelet modulation domain of the CPR or universal CPR. The effactor-
chassis may or may not also have been engineered to disrupt one or more pathways as described

herein.

In some embodiments the target binding domain comprises a human target binding domain
sequencea or a sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%

sequence identity to a human target binding domain sequence.

In some embodiments the target binding domain comprises a non-human target binding domain
sequance, optionally:

a humanised sequence; or

a sequence from a mouse.

In some embodiments the target binding domain comprises a target-binding ligand or fragment
thereof that binds specifically to said target.
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In some embodiments, the target is an antigen and the targsting domain is able to bind to the
antigen, for example a necantigen on tumour cells or a tumour specific antigen (TSA).

In some embodiments the target binding domain may recognize CD19 to deliver the cargo, for
example a cargo that is a chemotherapeutic, locally. CD19 is a well-known B cell surface molecule,
which upon B cell receptor activation enhances B-cell antigen receptor induced signaling and
expansion of B cell populations. CD19 is broadly expressed in both normal and neoplastic B cells.
Malignancies derived from B cells such as chronic lymphocytic leukemia, acute lymphocytic
leukemia and many non-Hodgkin lymphomas frequently retain CD19 expression. This near
universal expression and specificity for a single cell lingage has made CD19 an attractive target

for immunotherapies.

In some embodiments the target binding domain comprises a linked cytokine that binds to the
cytoking receptor present on target celis.

In some embodiments, the target binding domain is a natural ligand (or fragment thersof) of a
target.

In some embodiments, the target binding domain does not bind to collagen.

In some embodiments, the target binding domain is an antibody or an antigen binding fragment
thereof that is able to bind to the target of interest. For example, the target binding domain may
include a variable heavy chain domain of an antibody and/or may include a variable light chain
domain of an antibody and/or may include a kappa light chain or a fragment thereof, for example
to target CD19.

In some embodiments, the target binding domain is an antibody or the antibody fragment thereof
is chosen from Table 11 presented on pages 64-77 of PCT/GB2020/053247 which is hereby
incorporatad by referance. The antibodies are listed with their DrugBank identifier (DB ID}. The
target of each of these antibodies, along with exemplary diseases which can be treated with each
of the antibodies is described on pages 77-92 of PCT/GB2020/053247 which is hereby
incorporated by reference.

In some embodiments, the target binding domain is a human target binding domain sequence or
a sequence that has at least 75%, 80%, 85%, 90%, 92%, 84%, 96%, 98% or 100% sequence
identity to a human target binding domain seguence, e.g.. derived from a human protein, for

-17-



WO 2022/263824 PCT/GB2022/051512

exampie from a human antibody or antibody fragment thereof. Alternatively, the target binding
domain may be derived from a non-human animal, or may be an entirely synthetic domain, for
example may be an antibody or the antibody fragment thereof may be from a non-human animal,
such as a mouse. In some embodiments, the target binding domain may be a humanized
sequence, for example the target binding domain may be an antibody or antigen binding fragment
thereof that is humanized.

The target binding domain can be an antibody, variant or fragment thereof. An antibody, variant,
or fragment thereof can be generated using routine recombinant DNA technology technigues

known in the art.

In some embodiments, the target binding domain is an antibody or antibody fragment thereof
that is able to bind a protein selected from Table 2 on pages 23-31 of PCT/GB2020/053247 which
is hereby incorporated by reference. In some embodiments, the antibody or the antibody
fragment thereof may bind a protein encoded by IL2 {interleukin 2; ENSGO0000108471). In some
embodiments, the antibody or antibody fragment thereof may bind a histone complex, In some
embodiments, the antibody or antibody fragment thereof may bind a protein encoded by kallikrein
{KLK; ENSGO0000167759). In some embodiments, the antibody or antibody fragment therecf
may bind amyloid. In some embodiments, the antibody or antibody fragment thereof may bind
a Notch receptor. In some embodiments, the antibody or antibody fragment thereof may bind a
protein encoded by oxidized low density receptor 1{OLRL; ENSGCO000173391).

Exemplary target binding domains are described as extraceliular domains in Table 7 on page 46
of PCT/GR2020/053247 which is hereby incorporated by reference.

In some embodiments, the target binding domain may bind to CD276, for example the target
binding domain may be an antibody or antigen binding fragment thereof that binds to CD276.

As used herein, the terms "antibody" or "antibodies” refer to molecules that contain an antigen
binding site, e.g. immunogicbulin molecules and immunologically active fragments of
immunogiobulin molecules that contain an antigen binding site. Immunoglobulin molecules can
be of any type (e.g. IgG, IgE, IgM, IgD, IgA and IgY), dass (e.g. 1gG1, IgG2, 1gG3, IgG4, IgAl
and IgA2) or a subclass of immunoglobulin molecule. Antibodies include, but are not limited to,
synthetic antibodies, monocional antibodies, single domain antibodies, single chain antibodies,
recombinantly produced antibodies, multi-specific antibodies (including bispecific antibodies),
human antibodies, humanized antibodies, chimeric antibodies, intrabodies, scFvs (e.g. including
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rmono-spacific and bi-specific, efc.), Fab fragments, F{ab') fragments, disulfide-linked Fvs {sdFv),
anti-idiotypic (anti-Id) antibodies, and epitope-binding fragments of any of the above.

As used herein, the term “antibody fragment” is a portion of an antibody such as Flab'}z, Flab)z,
Fab', Fab, Fv, scFv and the like. Regardless of structure, an antibody fragment binds with the
same antigen that is recognized by the intact antibody. For example, an anti-OX4{ antibody
fragment binds to 0OX40. The term "antibody fragment" also includes isolated fragments
consisting of the variable regions, such as the "Fv" fragments consisting of the variable regions
of the heavy and light chains and recombinant single chain polypeptide molecules in which light
and heavy variable regions are connected by a peptide linker ("scFv proteins"). As used herein,
the term "antibody fragment” does not include portions of antibodies without antigen binding

activity, such as Fc¢ fragments or single amino acid residues.

By “Fab fragment”, we include Fab fragments (comprising a complete light chain and the variable
region and CHI region of a heavy chain) which are capabie of binding the same antigen that is
recognized by the intact antibody. Fab fragment is a tarm known in the art, and Fab fragments

comprise one constant and one variable domain of each of the heavy and the light chain.

In one embodiment the target binding domain comprises at lzast one of:

a) FCERG EC domain, CLEC1 EC domain, FCGR2 EC domain, GPVIA EC domain, CEACAM1
EC domain, G6b-B EC domain, LILRBZ EC domain, PECAM1 EC domain TLT1 EC domain and/or a
sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence
identity to a FCERG EC domain, CLECL EC domain,FCGRZ EC domain, GPVIA EC domain,
CEACAMI EC domain, G6b-B EC domain, LILRB2 EC domain, PECAM1 EC domain and/or TLT1 EC
domain; and/or

b} the target binding domain comprises any one or morea of the domains or portions thereof
set out on page 46 to 49 of PCT/GB2020/053247 which is hereby incorporated by reference, or
a sequance that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequencs
identity to any one or more of the domains or portions thereof sef out on page 46 to 49 of
PCT/GB2020/053247 which is hereby incorporated by reference.

In some embodiments, the target binding domain comprises a peptide associated with
autoimmunity, optionally:
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a peptide or portion of any one or more of the following proteins: MOG, GADG5, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GADZ, ARMCYO, CYP21A2, CASR, NASP,
insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor
X1, Betal2-GPI, ITGB2, G-CSF, GP Ilb/lla, COLII, FBG beta alpha, MPO, CYO, PRTN3, TGM,
COLVII, COIL, DSGL, DSG3, SOX14, 705NRNP70, SAG and a3(IV)NCL coliagen; or

a peptide or portion that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to any one or more of the following proteins: MOG, GADSS, MAG, PMPZ2,
TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GADZ, ARMCS, CYP21AZ, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein recaptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor XIII,
Beta2-GPI, ITGBZ, G-CSF, GP 1Ib/Ila, COLIL, FBG beta alpha, MPQ, Y0, PRTN3, TGM, COLVII,
COIL, DEGL, DSGE3, SOX10, 70SNRNP70, SAG and a3{IVNC1 collagen.

In this embodiment the effector-chassis comprising the receptor is targeted to antigen-specific B
cells {see Cabaletta et al 2016 Science DOL: 10.1126/science.aaf6756).

For example, a target binding domain that comprises a desmoglein3-ITAM may be used to target
pemphigus vulgaris B cells, Alternatively, SAPRs of the invention that express an MHC class 1-
ITAM chimeric platelet receptor or MHC class 2-ITAM chimeric platelet receptor, such that the
MHC class 1 or the MHC class 2 may be loaded with a peptide from the list above on the surface
of the platelet {0 target autoimmune mediating T cells for destruction or for suppression through
the release of anti-inflammatory cytokines, such as TGF-B. Additionally, RNA encoding
transcription factors may be released, such as FOXP3 to transdifferentiate bound T cealis into

Tregs.

In some embodiments, as described above, the target binding domain may target the receptor
to a specific tissue associated with an autoantigen. For example, the target binding domain may
bind to an antigen present on: adipose tissue, adrenal gland, ascites, bladder, blood, bone, bone
marrow, brain, cervix, connective tissue, ear, embryonic tissue, esophagus, eve, heart, intestine,
kidney, larynx, liver, lung, tymph, lvmph node, mammary gland, mouth, muscle, nerve, ovary,
pancreas, parathyroid, pharynx, pituitary giland, placenta, prostate, salivary gland, skin,
stomach, testis, thymus, thyroid, tonsil, trachea, umbilical cord, uterus, vascular, and spleen.

The CPR described herein comprises a platelet modulation domain. To be clear, preferences for
the platelet modulation domain described here in relation to the CPR are also preferences for the
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platelet modulation domain of other aspects of the invention, e.g. the Universal CPR, Complex of
Universal CPR and tagged targeting peptide, and the SAPR described herein.

In some embodiments the platelet modulation domain is endogenous to the progenitor, producer
and/or effector-chassis in which the receptor is to be used, for example endogenous to the iPSC,
megakaryocyte, adipocyte, adipose-derived mesenchymal stromal/stem cell line (ASCL) or

platelet.

By “modulation domain” we include the meaning of domains that trigger platelet activation, and
we include the meaning of domains that inhibit or prevent the triggering of platelet activation.
The platelet activities that are activated or, that are not activated where activation is inhibited by
activation of an inhibitory platelet activation domain that prevents activation of a platelet include:

a} degranulation of the platelet, for example with the release of aipha-granules;

b} the rslease of contents from the piatelet;

¢) presenting intraceltular contents on the plasma membrane of the platelet;

d) releasing of exiracellular vesicles via blebbing from the plasma membrane; and/or

e} changing the shape of the platelet from a biconcave disk o fully spread cell fragments.

By “activation of the platelet modulation domain” we mean that platelet modulation domain is

able to modulate a platelet that comprises the platelet modulation domain.

The skilied person can readily determine whether a receptor {e.g. CPR, universal CPR, complex
of universal CPR and tagged targeting peptide, SAFR and/or ePAR according to the invention) is
able to result in activation of degranulation, or inhibition or degranuiation or inhibition of
activation of degranulation. For example, the skilled person may contact a platelet expressing
the receptor with a cell that expresses the corresponding target and measure a shape change or
exposure of P-Selectin. A change in shape of the platelet or exposure of P-Selectin indicates that
the particular receptor is able to activate the platelet upon binding to the target. To determine
the ability of a receptor of the invention to inhibit the activation of a platelet, a similar assay may
be performed. The skilled person may contact a platelet that expresses the receptor with a cell
that expresses the corresponding target and which also expresses an endogenous farget that
would typically result in activation of a platelet (e.g. collagen). A change in shape or exposurs of
P-Selectin indicates that the receptor under investigation is unable to inhibit activation of the
platelet via the usual pathway. A failure to change shape or expose P-Selactin indicates that the
receptor is able to successfully prevent activation of the platslet. The dose response should be
rmeasured, and where, for instance, the EC50 of the dose response of natural platelet agonist vs.
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e.g. P-Selectin exposure is higher in the presence of an enginesred inhibitory recepior target,
this indicates the construction of a functional inhibitory receptor. Conversealy, an IC50 could be
calculated of the inhibitory target on the receptor could be calculated in a similar fashion, by
holding cognate agonist concentrations constant and varying the amount of potentially inhibitory
stimulus.

in preferred embodiments, by platelet activation we mean causing platelet degranulation.

Accordingly, in some embodiments the platelet modulation domain is a degranulation triggering
domain, and in some embodiments the modulating domain is a domain that prevents triggering
of platelet degranulation. In some embodiments the platelet modulation domain is an activation
domain that triggers the release of alpha-granules. In some embodiments the platelet modulation
domain is a domain that prevents the triggering of the ralease of alpha-granules.

In the same or different embodiments, by platelet activation we mean causing the release of
contents from the platelet. Accordingly, in some embodiments the platelet modulation domain
is a platelet content release domain, and in some embodiments the modulation domain is a
domain that prevents the release of the platelet contents.

In the same or different embodiments, by Tactivation” we mean that the platelet releases

extracellular vesicles via blebbing from the plasma membrane.

In the same or different embodiments, by platelet activation we mean causing the presentation
of intraplatelet contents on the plasma membrane. Accordingly, in some embodiments the
platelet modulation domain is a domain that causes the presentation of intraplatelet contents on
the plasma membrane, and in some embodiments the modulation domain is a domain that
prevents the presentation of intraplatelet contents on the plasma membrane.

In the same or different embodiments, by platelet activation we mean causing the release of
extracellular vesicies via blebbing from the plasma membrane. In some embodiments calcium
influx is another measurable parameter to indicate piatelet activation. Accordingly, in some
embodiments the platelet modulation domain is a domain that causes the release of extracellular
vesicles via blebbing from the plasma membrane, and in some embodiments the modulation
domain is a domain that prevents the release of extraceliular vesicles via blebbing from the
plasma membrane. Accordingly, in some embodiments the platelet modulation domain is a
domain that causes in influx of calcium into the piatelet, and in some embodiments the

modulation domain is a domain that prevents an influx of calcium into the platelst.
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In the same or different embodiments, by platelet activation we mean causing a change in the
shape of the platelet from a biconcave disk to fully spread cell fragments. Accordingly, in some
embodiments the platelet modulation domain is a domain that causes a change in the shape of
the platelet from a biconcave disk to fully spread cell fragments, and in some embodiments the
medulation domain is @ domain that prevents a change in the shape of the platelet from 2
biconcave disk to fully spread cell fragments.

In the same or different embodiments, by “activation” we include the meaning that the platelet
changes shape from a biconcave disk to fully spread cell fragments. During this
process, platelets extend filopodia and generate lamellipodia, resulting in a dramatic increase in
the platelet surface area. The skilled person is able to identify the shape changes typical of
platelet activation, for example saa Aslan et al 2012 Methods Mol Biol 788: 91-104.

In preferred embodiments by “activation” we include the meaning that the platelet relaases, or
exposes on the platelet cell surface, a cargo that has been introduced into the platelet {either
introduced endogenously via genetic manipulation of the platelet pre-cursor, e.g. megakarvocyte
or iPSC or introduced exogenously). Preferences for the cargo and methods of introducing the
cargo into the progenitor, producer and/or effector-chassis for example the platelet are as
described herein.

Examples of platelet activation domains include domains that comprise ITAM motifs or that
include an domains that have at least 75%, 80%, 85%, 90%, 92%, 94%, 9&%, 98% or 100%
sequence identity to an ITAM comprising domain, for example a platelet ITAM comprising domain.

Examples of degranulation inhibitory domains include domains that comprise ITIM motifs or that
comprise a domain that has at ieast 75%, 80%, 85%, 80%, 82%, 94%, 96%, 98% or 100%
sequence identity to an ITIM comprising domain.

By “riggering degranulation” or “preventing the triggering of degranulation” we include the
maaning that degranulation is triggered, or is prevented from the being triggered, when the
target binding domain binds to its corresponding target. As described above, in some
embodiments some degree of receptor clustering is necessary for activation of the plaieslet

modulation domain.

Whether the sffector-chassis, for example a platelet as described herein, degranulates in
response to the target binding domain of the CPR {or universal CPR, complex of universal CPR
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and tagged targeting peptide, SAPR as described herein) binding to the farget depends on
whether the platelet modulation domain is a platelet activation domain for example a
degranulation triggering domain or an inhibition of platelet activation domain, or the combination
of different types of domains.

As described further herein, by using a combination of different receptors with different platelet
modulation domains (for example different CPRs, universal CPRs, complexes of universal CPRs
and tagged targeting peptides, or SAPRs or @PARs described herein) that comprise platelet
activation domains {e.g. degranulation triggering domains) and inhibition of platelet activation
domains {e.g. degranulation inhibitory domains) in a single effector-chassis for example a platelet
as described herein, it is possible to build up complex logic circuits, such as AND/OR/NOR etc and
so has the ability to integrate and compute a variety of stimuli before making the decision to

activate {degranuiate).

In some embodiments of the intracellular domain that is a platelet modulation domain is a platelet
inhibition domain. In some embodiments, the platelel inhibition domain comprises an
immunoreceptor tyrosine-based inhibition motif (ITIM)-containing receptor domain. Non-limiting
examplas of ITIM receptors include platelet and endothelial cell adhesion molecule 1 {(PECAMIL),
triggering receptor expressed on myeloid celis like 1 {(TLT1), leukocyte immunoglobulin like
receptor B2 (LILRB2), carcincembryonic antigen related cell adhesion molecule 1 {CEACAML),
megakaryocyte and platelet inhibitory receptor Gob (G&b-B).

Inhibition of platelet activation can be useful in instances such as preventing the activation of off-
target cells that the on-target antigen; or the inhibit platelet activation in response to normal
agents found in clotting, e.g. the ITAM domain in GPVI could be swapped for an ITIM domain and
switch off platelet activation at clotting sites.

Gob-B clustering by antibody inhibits platelet activation through GPVI and CLEC- 2 as shown in
Mori et al. “"G&b-B inhibits constitutive and agonist-induced signaling by glycoprotein VI and
CLEC-2". IBC, 2008, which is hereby incorporated by reference in its entirety. Adding a chimeric
“off” receptor may be used to improve specificity of the targeted effector-chassis described
herein, for example synthetic platelets dascribed herein. A CPR, universal CPR, complex of
universal CPR and tagged targeting peptide, SAPR and/or ePAR that comprises an
immunoreceptor tyrosine-based inhibition motif (ITIM) receptor would allow logic gate

construction when used in combination with other CPRs.
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In one embodiment, domains of ITIM receptors LILRB2Z (SEQ ID NO: 34), PECAML (5EQ ID NO:
38), TLT1 (SEQ ID NO: 43), and CEACAML (SEQ ID NO: 24) shown in Table 5 on page 44 of
PCT/GB2020/053247 which is hereby incorporated by reference and the corresponding
explanatory paragraph [0063] which is also hereby incorporated by reference; or domains that
have at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or L00% sequence identity to an
ITIM domain of receptors LILRB2 (SEQ ID NO: 34), PECAM1 (SEQ ID NO: 38), TLT1 (SEQ ID
NO: 43), and CEACAML (SEQ ID NO: 24) shown in Table 5 on page 44 of PCT/GB2020/053247
which is hereby incorporated by reference and the corresponding explanatory paragraph [0063]
which is also hereby incorporated by reference.

In one embodiment, domains of ITIM receptors may be combined with T cell receptor domains
to form chimeric ITIM receptors which are also referred to as chimeric platelet receptors.

It is clear that any platelet inhibition domain, i.e. any domain that transduces target binding to
inhibit the activation of platelet degranuiation is suitable for use in the receptors described herein,
e.g. the CPR, universal CPR, complex of universal CPR and tagged targeting peptide and SAPR
described herein.

In some embodiments the platelet modulation domain is a platelet activation domain. In
preferred embodiments the platelet activation domain is a degranulation triggering domain. In
some embodiments, the platelet activation domain is an immunoreceptor tyrosine-based
activation motif (ITAM)-containing receptor domain. ITAM receptors mediate platelet activation
and stimulate an immune response. Glycoprotein VI {GPVI) binds to collagen and is a central
mediator of platelet activation. It features extracellular IgG like domains, and the internal tyrosine
kinase signaling pathway is triggered by receptor clustering through the Fc receptor (FCR) gamma
chain. Non-limiting examples of ITAM receptors include glycoprotein VI platelet (GPVIA}, high
affinity immunogiobulin epsilon receptor subunit gamma {(FCERG), C-Type lectin domain family 1
(CLEC1), and F¢ fragment of IgG receptor 11 {FCGR2)

In some embodiments then the platelet modulation domain is a platelet degranulation triggering

domain and comprises:

one or more domains from an immunoreceptor tyrosine based activation motif (ITAM)
receptor, optionally comprises one or more domains, portions or fragments thereof from
Glycoprotein VI (GFVI), C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor Ia
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{FCgR2A}, high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 {(CLECL), or F¢ fragment of 1IgG receptor 11 (FCGR2); or

a domain that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to an ITAM comprising domain, for example a plateiet ITAM comprising domain,
optionally has at least 75%, 80%, 85%, 20%, 92%, 94%, 386%, 98% or 100% sequence identity
to one or more domains, portions or fragments thereof from Glycoprotein VI (GPVI), C-type
lectinlike receptor 2 (CLEC-2}, Fc Fragment of IgG Receptor Ila (FCgR2A), high affinity
immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
{CLEC1), or Fc fragment of IgG receptor II (FCGR2).

In one embodiment, the intraceliular domain does not comprise domains from an immunoreceptor
tyrosine based activation motif (ITAM) receptor. In cone embodiment the intracellular domain
does not comprise one or more dormains, portions or fragments thereof from Glycoprotein VI
{GPVI}, C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor IIa {(FCgR2A}, high
affinity immunogliobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLECL), or Fc fragment of IgG receptor II (FCGR2Z). In one embodiment the intracellular domain
does not comprise an ITAM domain that comprises or consists of the SEQ ID NO: 5, 7, 14 and/or
19 of PCT/GB2020/053247 which is hereby incorporated by reference.

In one embodiment, the intracellular domain does comprise domains from an
immunorecepior tyrosine based activation motif (ITAM) receptor. In one embodiment the
intraceliular domain does comprise one or more domains, portions or fragments thereof from
Glycoprotein VI {GPVI), C-type lectinlike receptor 2 {CLEC-2)}, F¢ Fragment of IgG Recaptor [Ia
(FCgRZA)}, high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 (CLEC1), or Fc fragment of IgG receptor II (FCGR2}; or

a domain that has at lsast 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to one or more domains, portions or fragments thereof from Glycoprotein VI
(GPVI}, C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor Ila (FCgR2A}, high
affinity immunogiobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
{CLEC1), or F¢ fragment of IgG receptor II (FCGR2).

In one embodiment the intracellular domain does comprise an ITAM domain that comprises or
consists of the SEQ ID NO: 5, 7, 14 and/or 19 of PCT/GB2020/053247 which is hereby
incorporated by reference or that comprises or consists of a seguence that has at least 75%,
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80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to SEQ ID NO: 5, 7, 14
and/or 19 of PCT/GB2020/053247 which is hereby incorporated by reference.

It is clear to the skilled person that domains from an ITAM receptor that is not typically expressead
in platelets is still expected to function in the invention, since the ITAM domains are still capable
of activating the same downstream signaling components as ITAM receptors are endogenously
found in platelets. For example it is known that T-Cell CARs can be used in macrophages and NK
cells.

It is clear that any platelet modulating domain, i.e. any domain that transduces target binding to
platelet modulation, for example to platelet degranulation, is suitable for use as a platelst

modulation domain.

In seme embodiments, the platelet modulation domain is not a naturally occurring domain. For
example, in some embodiments the modulation domain, for example the ITAM, ITIM domains
comprisas one or more mutations, insertions or deletions that boost or dampen the responss to
target binding. In some instances, the platelet modulation domain comprises at least 75%, 80%,
85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a naturally occurring modulation
domain, for example comprises at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to any of the modulation domain seguences described herein.

For example, in some embodiments theplatelel modulation domain is a  modified platelet
modulation domain that has been modified s0 as to have increased sensitivity as compared to
the unmodified platelet modulation domain. For example a receptor of the invention comprising
such a modified platelet modulation domain (e.g. a CPR, universal CPR, complex of universal CPR
and tagged targeting peptide or SAPR as described herein) is expected to react to a lower amount
of target, for example if the platelet modulation domain is a modified platelet activation domain,
an effector-chassis comprising the receptor would be expected to degranulate in response to a
fower amount of target than is required to make an effector-chassis comprising a recepior
comprising an unmodified modulation domain {(e.g. the CPR, universal CPR, complex of universal
CPR and tagged targeting peptide or SAPR of the invention comprising an unmodified platelet
modulation domain) degranulate. In some embodiments, the modified platelet modulation
domain has been modified so as to have decreased sensitivity as compared to the unmodified
platelet modulation domain. For example a receptor of the invention comprising such a modifiad
platelet modulation domain (e.g. @ CPR, universal CPR, complex of universal CPR and tagged
targeting peptide or SAPR as described herein) is expected to not react {e.g. degranulate) in
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rasponse to an amount of target that would make an effector-chassis comprising a recaptor with
an unmodified platelet modulation domain react (e.g. degranulate). In some embodiments then
the platelet modulation domain is a modified platelset modulation domain. By modified we include
the meaning of any alteration to the sequence that encodes the domain, for example, insertions,
deletions and/or substitutions. In some embodiments the platelet modulation domain comprises
one or more [TAM domains, wherein the ITAM domains comprises one or more modifications, for
example one or more insertions, deletions or substitutions. In some embodiments the platelet
modulation domain comprises one or more ITIM domains, wherein the [TAM domains comprises

one or more modifications, for example one or more insertions, deletions or substitutions.

It is clear to the skilled person that the platelet modulation domain does not have to be a human
platelet modulation domain. For example ITAM or ITIM containing domains from species that are
not human are considered to be useful in the present invention. For example, ITAM containing
domains from humans have been shown to be active in mice species have been shown to function
in CAR-T situations (Robles-Carrillo et at 2010 J Immunol 185:1577-1583).

In some embodiments, the farget binding domain is the native target binding domain of a
receptor that has a platelet modulation domain, but the platelet modulation has beean altered so
as to have the opposite function. For example, in some embodiments the receptor described
herein (e.q. the CPR, universal CPR, or complex of universal CPR and tagged targeting peptide)
comprisas the target binding domain of an ITAM platelet modulation domain comprising receptor,
but wherein the ITAM domain has been swapped to an ITIM domain. For example in some
embodiments the CPR or universal CPR or complex of universal CPR and tagged targeting peptide
comprises the external target binding domain of any of Glycoprotein VI (GPVI}, C-type lectinlike
receptor 2 (CLEC-2), Fc Fragment of IgG Receptor IIa (FCgR2A), high affinity immunoglobulin
epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1 {CLEC1}, or F¢ fragment
of IgG receptor II (FCGR2) but wherein the ITAM comprising domain of the protein has been
changed to an ITIM comprising domain. This applies to any embodiment described herein.

In some embodiments the CPR ¢an be considerad to be a universal CPR. By a universal CPR we
include the meaning of a CPR that, by virtue of the targeting binding domain being a tag binding
domain, it is possible to use a single CPR to direct a progenitor, producer and/or effector-chassis
of the invention to any target.

Accordingly, in a further aspect, the invention also provides:
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A universal chimeric platelet receptor wherein the receptor comprises:

a) an intracellular domain that is a platelet modulation domain; and
b} a heterologous tag binding domain,

Preferably binding of the tag on the targeting peptide to the universal CPR is not sufficient to
activate the platelet modulation domain. The platelet modulation domain should only be
activated upon subsequent binding of the CPR/targeting peptide complex to the target.

Preferences for features of the universal CPR are as described elsewhere herein. For example
preferences for the platelet modulation domain are as described in relation to the first aspect,
i.e. the CPR.

The universal CPR has a tag binding domain that is able to specifically bind to a proteinaceous

sequence or fragment or domain.

A tag binding domain being “specific for” a tag is intended o be synonymous with a tag binding
domain being “directed against” said tag.

Preferably the tag binding domain binds only to its respective target, e.g. the tag on the tagged
targeting peptide, and does not bind 1o any other molecule in the environment, for example in
the human body. However, it is to be appreciated that some degree of off-target binding may
be tolerated, and the skilied person understands how to determine whether a particular binding
activity is of the required specificily or not. Accordingly, the binding domain may bind specifically
to the intended target, whilst also binding to some lower level to non-tag molecules.

In preferred embodiments, the tag is a peptide tag and is expressed as part of the larger targeting
peptide and is an integral part of the larger targeting peptide i.&. in such embodiments the tagged
targeting peptide is a single peptide that comprises both the tag and the target binding domain.

The concept of “tags” is well known in the molecular biclogy field, where it is routine to express
a peptide or polypeptide sequence of interest wherein the sequence has been extended to include
a relatively short additional sequencs, encoding the tag., Examples of suitable peptide tags
include the FLAG-tag, V5-tag, Myc-tag, HA-tag, Spot-tag, 77-tag, NE-tag and a leucine-zipper
{(Hwan et al 2018 Cell 173: 1426-1438).
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In some embodiments the tagged targeting peptide may be tagged with a non-peptide tag, for
example any moiety that ¢can acts as a binding partner for the tag binding domain of the universal
CPR. Thus, a non-peptide tag can be any chemical entity to which the tag binding domain has
affinity. The tag can be selected from, for example, any organic molecule, a small moleculs, or
a hapten. Tags can for example take the form of nucleic acids, for example aptamers.

Peptide tags as described herein are typically short peptide sequences {i.e. sequences of amino
acids). In preferred embodiments the tags described herein are peptide or protein tags, for
example short sequences of amino acids. The tag can be of any seqguence provided it is able to
be bound, preferably specifically bound by the tag binding domain of the universal CPR of the

invention.

It is preferred that the universal CPR is not activated upon binding to the tagged targeting
peptide, in the absence of concomitant binding of the target binding domain to the target. As
described above, the skilied person appreciates that some receptors, such as ITAM and ITIM
recaptors, require some degree of receptor clustering on the membrane surface to effect
intraceliular signaling and platelet activation. When a universal CPR of the invention binds to a
soluble tagged targeting peptide, thers is no clustering of the receptors, and so binding of the
tagged targeting peptide to the universal CPR does not trigger activation of the platelet
modulation domain. It is only when the compiex of the universal CPR and tagged targeting
peptide binds the target that receptor clustering occurs, and so activation of the platelet

modulation domain.

It is preferred then that the tagged targeting peptide is a soluble peptide, since it is considered
that the binding of a soluble peptide, in the absence of simultaneous binding to the target, does
not trigger activation of the platelet modulation domain.

As described above, in some embodiments some degree of receptor clustering is required to
active the platelet modulation domains. In some embodimeants the universal CPR comprisas a
tag binding domain that binds to a tag present on a tagged targeting peptide, and wherein when
the Universal CPR is located in a platelet plasma membrane binding of the tagged targeting
peptide to the universal CPR in the absence of simultanecus binding of the tagged target binding
domain to the target does not cause sufficient receptor clustering to lead to activation of the
platelet modulation domain.
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In other embodiments the tag, for example a peptide tag may be conjugated to the larger
targeting peptide, following expression of the larger targeting peptide, to produce the tagged
targeting peptide.

In addition to the universal CPR, the invention also provides a corresponding tagged targeting
peptide. The tagged targeting peptides comprises a tag and a target binding domain, optionally
wherein the tagged targeting peptide is a soluble peptide. Preferences for the target binding
domain are as described elsewhere herein, for example in relation not the first aspect {i.e. the
CPR).

The invention also provides a complex comprising:

a) a universal CPR that comprises:
i} a heterclogous tag binding domain; and
i} a platelet modulation domain; and
b} a tagged targeting peptide that comprises a tag capable of biding to the tag binding
domain of the CPR, and a targeting domain.

The invention also provides:
A synthetic antigen presenting receptor (SAPR)Y comprising a heterclogous target binding domain

wherein the target binding domain comprises:

a) an exiracelluiar domain comprising:

i) the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has
at least 75%, 80%, 85%, S0%, 92%, 94%, 96%, 898% or 100% sequence identity
to a human MHC-1 protein or fragment thereof; or

ii} the MHC-2 protein or fragment thereof or a protein or fragment thereof that has

at least 75%, 80%, 85%, 80%, 92%, 94%, 96%, 98% or 100% seguence identity
o a human MHC-2 protein or fragment thereof, and

b) an intracellular platelet modulation domain,
wharein said:
MHC-1 protein or fragment thereof or a protein or fragment thereof that has at least 75%,

80%, 85%, 90%, 92%, 34%, 96%, 98% or 100% sequence identity to @ human MHC-1 protein

or fragment thereof; or
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MHC-2 protein or fragment thersof or a protein or fragment thereof that has at least 75%,
80%, 85%, 80%, 92%, 84%, 96%, 98% or 100% sequence identity to a2 human MHC-2 protein
or fragment thereof;

is able to bind to a T Cell Receptor {TCR).

Preferences for features of this aspect are as described elsewhere, for example the platelet
modulation domain may be a platelet activation domain, optionally an ITAM comprising domain,
optionally a platelet ITAM comprising domain, optionally is domain that has at ieast 75%, 80%,
85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to an ITAM comprising domain
optionally a platelet ITAM comprising domain; or a platelet activation domain, optionally wherein
the platelat activation domain is a degranulation triggering domain; or is an inhibition of platelat
activation domain that prevents activation of a platelet, optionally wherein the inhibition of
platelet activation domain is an ITIM comprising domain, optionally is a domain that has at least
75%, B0%, 85%, 90%, 92%, 94%, 96%, 28% or 100% sequence identity to an ITIM comprising
domain. In some embodiments the platslet modulation domain is endogenous to an iPSC, a
megakaryocyte or a platelet.

In some embodiments the SAPR of the present invention can be used to trigger activation of T
celis and the induction of @ response to a particular antigen. In these instances, the extraceliular
domain of the SAPR comprises or consists of an amino acid sequence that is an antigen towards
which it is desirous o trigger the T cell response, for example an antigen from a pathogen, and
an amino acid sequence that encodes the MHC-1 protein or the MHC-II protein or fragment
thereof. MHC-1 would activate CD8+ T Cell,s MHC-2 would activate CD4+ T cells T cells comprise
a T Cell Recaptor (TCR) that binds to a complex of MHC-1/antigen that is usually expressed on
the surface of antigen-presenting cells. In this way, the SAPR of the invention as described herein
can be considered to be a synthetic antigen-presenting receptor. In addition, a progsanitor,
producer and/or effector-chassis expressing a SAPR of the invention that is lcaded with an
antigenic peptide, such as those described herein and presentaed on the surface of the effector-
chassis can be used to target autcimmune mediating T cells for destruction or for supprassion
through the release of anti-inflammatory cytokines, such as TGF-8. Additionally, RNA encoding
transcription factors may be released, such as FOXP3 to transdifferentiate bound 7T celis into
Tregs.

It is clear to the skilled person that the MHCs are single chain varianis that have been engineered.
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Accordingly, the invention provides:

A SAPR as described above wherein said extraceliular domain comprises:

a) the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has at
least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a human MHC-
1 protein or fragment thereof. and an antigenic peptide, wherein said MHC-1 protein or fragment
thereof, or a protein or fragment thereof that has at least 75%, 80%, 85%, 90%, 92%, 94%,
96%, 98% or 100% sequence identity to a human MHC-1 protein or fragment thereof and
antigenic peptide is able to bind to a TCR; and/or

b} the MHC-2 protein or fragment thereof, or a protein or fragment thereof that has at
least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a human MHC-
1 protein or fragment thereof. and an antigenic peptide, wherein said MHC-2 protein or fragment
thereof, or a protein or fragment thereof that has at least 75%, 80%, 85%, 80%, 92%, 94%,
96%, 98% or 100% sequence identity to a human MHC-1 protein or fragment thereof and
antigenic peptide is able to bind to a TCR.

In these embodiments, a useful effect is obtained when the SAPR that comprises an extracellular
domain that comprises or consists of an MHC-1/antigen complex or an MHC-2/antigen complex
binds to the TCR {where the TCR is the targetl in this instance) - the result is the activation of
the T cell response directed towards the particular antigen.

In some embodiments the antigenic peptide comprises a peptide or antigenic portion thereof:

3} associated with cancer, an autcimmune condition, genetic disease, cardiovascular

disease and/or an infection; and/or

b) selected from:

i) the antigenic peptides listed in Table F on page 206-207; Table G on page 208;
Table H on page 208-209; Table 1 on page 209-211; Table ] page 212; Table 4 page 219-
221; Table 5 page 221-230; Table 6 page 231-234; Table 7 page 235-242 and Table 89
page 243 of WO 2015153102 which is hereby incorporated by reference these sections of
which are hereby incorporated by reference; or

ity a seguence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to the antigenic peptides listed in Table F on page 206-207; Table
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G on page 208; Table H on page 208-209; Table I on page 209-21%; Table ] page 212;
Table 4 page 218-221; Table 5 page 221-230; Table 6 page 231-234; Table 7 page 235-
242 and Table 89 page 243 of WO 2015153102 these sections of which are hereby
incorporated by reference; and/or

C) selected from:
i) the antigenic peptides listed in Table 1 page 47-86; Table 14 page 32%; Table
15 page 321; Table 16 page 327; Table 17 page 328; Table 18 page 328-329; Table 19 page
221-223; Table 20 page 333-334; Table 21 page 340-342; Table 22 page 344-347; Table 23
page 347-348 ; and Table 24 page 349-352 of WO 2019/126818, these sections of which are
hereby incorporated by reference; or
ii} a sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to the antigenic peptides listed the antigenic peptides listed in
Table 1 page 47-86; Table 14 page 321; Table 15 page 321, Table 16 page 327, Table 17
page 328; Table 18 page 328-329; Table 19 page 221-223; Table 20 page 333-334;
Table 21 page 340-342; Table 22 page 344-347; Table 23 page 347-348 ; and Table 24
page 349-352 of WO 2019/126818, these sections of which are hereby incorporated by

reference;

d) selected from:

iy any one or more of the following proteins: MOG, GADG5, MAG, PMP22, TPQO,
VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GADZ, ARMCS, CYPZ1AZ, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor
KIII, BetaZ-GPI, ITGBZ, G-CSF, GP 1Ib/Ila, COLI, FBG beta alpha, MPO, CYO, PRTN3G,
TGM, COLVIL, COIL, DSGL, DSG3, SOX10, 70SNRNP70, SAG and a3{IVINC1 collagen; or

it} a seguence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to any one or morg of the following proteins: MOG, GADGS5, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GADZ2, ARMCSY, CYP21A2, CASR,
NASP, insulin, TSHR, thyroperoxidase, asioglycoprotein recaptor, CYP2D6, LF, TTG, H/K
ATP-ase, Factor XIII, Beta2-GPI, ITGB2, G-CSF, GP IIb/lla, COLIL, FBG beta alpha, MPO,
CYO, PRTN3, TGM, COLVII, COIL, DSGL, DSGE3, SOX10, 70SNRNP70, SAG and a3(IVINCL
collagen.

The extracelular domain may comprise a human target binding domain sequence; a non-human
target binding domain sequence, optionally a humanised sequence or a sequeance from a mouse.
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It is considered useful if upon binding to a TCR the SAPR triggers activation of a platelet
modulation domain. For example where the platelet modulation domain is a platelet activation
domain, the platelet releasas cargo, or where the modulation domain is an inhibition of activation
domain, activation of the platelet is inhibited preventing release of carge. Triggering
degranulation when the SAPR is bound to a T cell can be advantageous when the particular
targeted T cell is involved in the autoimmune response - for example in these situations it can
be beneficial for the platelet to comprise toxic agents that are released locally upon T-cell
engagement, to ultimately destroy the T cell.

In other embodiments, the cargo that is released on degranulation can stimulate the T cell to
differentiate in a particular way.

In preferred embodiments, where the platelet modulation domain is a platelet activation domain,
and when the SAPR is present in the membrane of a platelet, and when activated, the platelet
activation domain:

a) results in degranulation of the platelet;

b) results in the release of contents from the piatelet;

¢) results in the presence of intracellular contents on the plasma membrane of the platelet;
d) results in the release of extracellular vesicles via blebbing from the plasma membrane;
and/or

&) results in a change of shape of the platelet from a biconcave disl to fully spread cell

fragments.

In some embodiments, where the platelet modulation domain is a inhibition of platelet activation
domain, and whan the SAPR is presant in the membrane of a platelet, and whan activated, the
inhibition of platelet activation domain:

a) prevents degranulation of the platelet;

b) prevents the release of contents from the platelet;

<) prevents the presence of intraceliular contents on the plasma membrans of the platelet;

d) prevents the release of extracelluiar vesicles via blebbing from the plasma membrane;

and/or

e} prevents a change of shape of the platelet from a biconcave disk to fully spread cell
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As described above, the invention provides a SAPR that comprises g heterologous target binding
domain wherein the target binding domain comprises the MHC-1 or MHC-2 protein or fragment
thereof, wherein said MHC-1 or MHC-2 protein or fragment thereof is able to bind to a T Cell
Receptor {TCR).

In some instances the CPR, universal CPR, or complex of universal CPR and tagged targeting
peptide or SAPR may also comprise a signal paptide, and/or a linker. Non-limiting examples of
signal peptides include:

TABLE 3

Seguence

Identifier Description

2 FCERG Signal Peptide

i1 FCGR2Z Signal Peptide

16 GPVIA Signal Peptide
CEACAML Signal

25 Peptide

30 Gob-B Signal Peptide

35 LILRBZ Signal Peptide
PECAM1 Signal

39 Peptide

44 TLT1 Signal Peptide

The CPR, universal CPR, complex of universal CPR and tagged targeting peptide, SAPR and/or
aPAR may include a portion of the signal peptide in Table 6 or a signal peptide known in the art.
The portion may be 10-30, 10-15, 10-20, 10-25, 15-20, 15-25, 15-30, 20-25, or 20-30,
nuclectides of any of the sequences in Table 6 such as, but not limited to, SEQ ID NO: 2, 11, 16,
25, 30, 35, 39, and 44. The portion may be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, or 20 nucleotides of any of the sequences in Table 7 on page 46 of
PCT/GB2020/053247 which is hereby incorporated by reference, such as, but not limited to, SEQ
ID NOG: 2, 11, 16, 25, 30, 35, 39, and 44 as described in Table 7 on page 46 of
PCT/GRB2020/053247 which is hereby incorporated by reference.

In some embodiments the CPR, universal CPR, complex of universal CPR and tagged targeting

peptide and/or SAPR comprises a transmembrane domain. In some embodiments the

transimembrane domain comprises or consists of any one or more of the transmembrane domains
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or portions thereof as set out on page 49-50 of PCT/GB2020/053247 which is hereby incorporated
by reference.

In some embodiments the CPR, universal CPR, complex of universal CPR and tagged targeting
peptide and/or SAPR comprises an intracellular domain that comprises or consists of the
intraceliular domains or a portion thereof as set out on page 50 and 51 of PCT/GB2020/053247

which is hereby incorporated by reference.

In some embodiments the CPR, universal CPR, complex of universal CPR and tagged targeting
peptide and/or SAPR comprisas a linker. In some embodiments the linker comprisas or consists
of the linkers or portions thereof as set out on page 51 of PCT/GB2020/053247 which is hereby
incorporated by reference.

In some embodiments, the CPR, universal CPR, complex of univarsal CPR and tagged targeting
peptide and/or SAPR of the invention comprises or consists of a combination of domains as set
out on pages 41-63 of PCT/GB2020/053247 which is hereby incorporated by reference.

The invention provides further receptors to direct the activation of platelets towards particular
sites/targets. These receptors are basad on protease activated receptors {(PARs).

The invention provides an engineered protease activated receptor (ePAR) wherein the protease
recognition site is engineered to be cleaved by a protease that is not the protease that cleaves
the native recognition site. For example where the ePAR is an engineered PARL, the ePAR is not

cleaved by thrombin.

In some embodiments, when the ePAR is present in the plasma membrane of a platelet, cleavage

of the protease recognition site results in:

a) degranulation of the platelet;

b} the release of contents from the platelet;

¢) the presence of intraceliular contents on the plasma membrane of the platelet;

d) the release of extracellular vesicles via blebbing from the plasma membrane; and/or
e} a change of shape of the platelet from a biconcave disk to fully spread cell fragments.

By platelet in this instance we mean a base platelet that has not been engineered other than to
exprass the ePAR - e, in a normally functioning platelet, the cleavage of the ePAR results in any
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one or more of {(a) to {&) above. This is one straightforward means by which the skilled person
can determine whethear an ePAR is an ePAR of the invention and has the appropriate functional
properties. Of course it is apparent to the skilled person that in preferred embodiments the ePAR
of the invention results in the any one or of {(a) to (e) above when present in a chassis of the
invention, for example an effecior-chassis as described herein that has for example been
engineered to modulate one or more pathways such as:

i} to disrupt a platelet inflammatory signaling pathway;

i) to make the engineerad chassis less immunagenic; and/or

iii) to enhance or disrupt one or more base functions of the chassis, wherein the one or
more or base functions are involved in the innate and/or adaptive immune response,
inflammation, angiogenesis, atherosclerosis, lymphatic development and/or tumour
growth; and/or

iv) engineered to disrupt a platelet thrombogenic pathway.

Accordingly in some embodiments when the ePAR of the invention is present in the membrane of
an effector-chassis of the invention, cleavage of the protease site results in:

a) degranulation of the platelet;

b the release of contents from the platelet;

¢} the presence of intraceliular contents on the plasma membrane of the platalet;

d) the release of extraceliular vesicles via blebbing from the plasma membrane; and/or

&} a change of shape of the platelet from a biconcave disk {o fully spread cell fragments.

In some embodiments, cleavage of the protease results in release of a fragment of the ePAR and
wherein the fragment of the ePAR is a signalling molecule and effects intracellular signalling.

In some embodiments the ePAR is engineered to be cleaved by a protease that is typically found
in the tumour microenvironment. For example in some instances the ePAR is engineered to be
cleaved by matrix metalioproteases, metallopeptidases, Cathepsin B, Urokinases or Capsaseas.

In some embodiments the ePAR is engineered to be cleavad by an orthogonal protease. Proteases
that are considered to be non-orthogonal to a human subject include viral proteases such as
Tobacco Etch Virus nuclear-inclusion-a endopeptidase (TEV protease), NS2-3 protease of
hepatitis C virus (HCV protease), or tobacce vein mottling virus {TVMV protease). Protease
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racognition sites to be introduced into engineered protease receptors include viral protease
recognition sites of TEV protease, HCV protease, and/or TVMV protease.

For example, where the ePAR is to be used in the context of the human body, the ePAR is
engineered to be cleaved by a protease that is not a human protease, i.e. in these embodiments,
the ePAR cannot be cleaved in the subject unless the subject is also administered or otherwise
exposed to a corresponding “exogenous” protease. As is clear from the disclosure herein, such
an exogenous protease can be a cargo present in a second chassis {(e.g. a second progenitor-
chassis, producer or effector-chassis as described herein), In this case, a first chassis (e.g.
progenitor-chassis, a progenitor, producer or effector-chassis as described herain) comprises a
first cargo and an ePAR of the invention, and a second chassis {(e.g. progenitor-chassis, a
progenitor, producer or effector-chassis as described hersin) comprises a CPR according to the
invention and a ¢argo that is a protease that can cleave the ePAR. Upon CFPR binding and platelet
activation, the protease is released, cleaving ePAR that are in the vicinity, leading to release of
the first cargo, which may be for example a toxic cargo. In this way the first cargo is release only
an the intended target site. This double fail-safe approach can be considered to be an important
safety feature, reducing off-target affects. The cargo is only released if the second effector-
chassis is in the vicinity of the protease which itself is only present in the vicinity of the target.

This is just one of many examples of networks and systems that can be put together using the
progenitor-chassis, producer or effector-chassis as described herein and receptors of the

invention.

This mechanism can be exploited to build signaling networks between progenitor-chassis,
producer or effector-chassis as described herein expressing different combinations of ePAR, CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs and/or ePARs. In some
embodiments, the cleaved ePAR propagates a signal through the transmembrane and/or
intraceliular domains. Activation of an ePAR in this manner thus induces a downstream signaling
avent including, in the case of engineered piatelets or enginasred platelet-like membrane bound
effector-chassis, platelet recruitment, platelet activation, or release of a cargo such as a
therapeutic molecule into the tumor microenvironment.

In some embodiments, the ePAR is an engineered GPCR. In some embodiments the ePAR is

PARL, PAR2, PAR3Z, or PAR4 wherein the protease site has been engineered to be cleaved by a

protease other than thrombin, optionally cleaved by MMPs, Cathepsin B, Urokinases or Capsases.
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Upon cleavage by the proteass, in some embodiments a portion of the ePAR is released. In some
embodiments the portion of the ePAR that is released upon cleavage is a signaling molecule.

In some embodiments the ePAR is a GPCR, optionally is an engineered PARL, PARZ, PAR3 or
PAR4, cptionally has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence
identity to the seqguence of PARL, PAR2Z, PAR3 or PAR4.

It is clear from the disclosure herein that the CPR, univearsal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR of the invention has a role in the treatment or prevention
orF one or more diseasas. For example, the combination of one or more CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs of the invention and
a progenitor-chassis, producer or effector-chassis as described herein can be used to delivar
cargo to 3 specific site in the body, or 1o a specific tissue or cell type, for example to a cancer
cell, by virtue of the target binding domain on the CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR or ePAR. In preferred embodiments, the effector-chassis is
a platelet or g platslet-iike membrane-bound cell fragment that comprises one or more cargo and
expresses one or more CPRs, universal CPRs, complexeas of universal CPRs and tagged targeting
peplides, SAPRs or ePARs of the invention, and the CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR or ePAR is such that upon binding of the target binding
domain to the target the platelet degranulates, and so delivers the cargo to the target site. The
cargo may be a therapeutic cargo as described herein.

In some embodiments, the CPR, universal CPR, complex of universal CPR and tagged targeting
peptide, SAPR or ePAR of the invention comprises a region recognized by the autoreactive T cells
that mediate a disease. For example, the CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR ¢or ePAR comprises an epitope from the molecular target in Tables
12-20 as presented on pages 129-134 of PCT/GB2020/053247 which is hereby incarporated by
reference loaded on to an MHC-ITAM fusion to directly target the autoreactive T cells. The
enginasred platelets may be loaded with cytotoxic or immunosuppressive protein or antibodies,

which are released on activation of the platelet.

For instance, some cases of diabetes mellitus type 1 (T1DM) features T celis specific to a particular
insulin peptide. Therefore, using the MHCL1-ITAM receptor fusion protein with an autoimmune
driving peptide, in a platelet designed to release immunosuppressive factors would result in T cell
specific immunosuppression. Exposure of an IL-2 receptor (IL-2R) to compete for IL-2, release
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of TGF-B1 or IL~-10, and many other potential options on MHCI1-ITAM activation mediates

immunosuppression similar to regulatory T (Treg) celis.

In some embodiments, the progenitor, producer or effector-chassis as described herein or
engineered progenitor, preducer or effector-chassis as described herein comprises a CPR,
universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR with a
major histocompatibility complex (MHC) class I or class II and can be used in the treatment of
an autoimmune disease. T cells expressing chimeric antigen receptors (CAR} comprising the MHC
ligand of a pathogenic T cell receptor as an antigen binding domain of the CAR have been
praviously shown to be effective in the treatment of type 1 diabetes (T1D) (See, Perez et al,,
Immunology, 143, 609-617, which is hereby incorporated by reference in its entirety). In T1D,
autoreactive CD8 and CD4 T cells selectively destroy insulin-producing B cells in the pancreas
{Ibid.). Some of the MHC-II-restricted epitopes recognized by the autoreactive cells have been
observed to be derived from insulin/pre-proinsulin, islet-specific glucose-6-phosphatase catalytic
subunit-related protein, glutamic acid decarboxylases 65 and 67, heat-shock proteins 60 and 70,
insulinoma-associated protein 2, zinc transporter ZnT8, islet amyloid polypeptide, chromogranin
A, and other self antigens (Ibid.). Therefore, in some embodiments, the engineered platelets
described herein include a CPR with a ligand or fragment thereof that interacts with the
autoreactive cells to destroy the cells.

The invention also provides a nucleic acid encoding the CPR, universal CPR, complex of universal
CPR and tagged targeting peptide, tagged targeting peptide, SAPR and/or ePAR of the invention.
The invention provides a nucleic acid that encodes both the universal CPR and tagged target
binding peptide in a single nucleic acid molecule. In preferred instances, the CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR and/or ePAR are not naturally
occurring receptors, and so the nucleic acids encoding said receptors are also not a naturally
occurring nucleic acid. In some embodiments the nucleic acid encodes the CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR and/or ePAR of the invention and
also comprises a heterologous nucleic acid sequance. In some instances the nucleic acid is
operatively linked to an expression control sequence. Expression control sequences are
considerad to include components such as enhancers and promoters. In one embodiment the
nucleic acid of the invention comprises a heterclogous promoter. In the same or different
embodiment the nucleic acid of the invention comprises a heterologous enhancer sequence.

In sormme embodiments the nucleic acid is DNA. In some embodiments the nucleic acid is RNA for
example is an mRNA, In some embodiments the nucleic acid is arranged to be operably controlled
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by a promoter, i.e. a promoter that drives expression from the nucleic acid. In some
embodiments the promoter is not a megakaryocyte-specific or platelet-specific promoter. In
other embodiments the promoter comprises a megakaryocyte-specific promoter or a platelet-
specific promoter. The terms megakaryocyte-specific promoter and platelet-specific promoter
are used synonymously. The skilled person understands what is meant by the terms
megakaryocyte-specific promoter and platelet-specific promoter. In some embodiments the
nucleic acid is operatively linked to a heterologous expression sequence, optionally a heterclogous

promoter.

In some embodiments the promoter is an inducible promoter, for example a promoter that is
inducible in an intended subject. For example, where the CPR, universal CPR, complex of
universal CPR and tagged targeting peptide, tagged targsting peptide, SAPR and/or aPAR is for
use in a human subject, the promoter that drives expression of the CPR, universal CPR, complex
of universal CPR and tagged targeting peptide, tagged targeting peptide, SAPR and/or ¢PAR is in

some embodiments an inducible promoter.

In some embodiments the promoter is a constitutive promoter, for example a promoter that is
constitutive in an intended subject. For example, where the CPR, universal CPR, complex of
universal CPR and tagged targeting peptide, tagged targeting peptide, SAPR, or ePAR is for use
in a human subject, the promoter that drives expression of the CPR, universal CPR, complex of
univaersal CPR and tagged targeting peptide, tagged targeting peptide, SAPR and/or ePAR is in

some embodiments a constitutive promoter.

The invention aiso provides a vector that comprises a nucleic acid that encodes the CPR, universal
CPR, complex of universal CPR and tagged targeting peptide, tagged targeting peptide, SAPR
and/or ePAR of the invention. By vector we include the meaning of plasmid. In some
embodiments the vector also comprises a heterclogous nucleic acid. In some embodiments the
vector comprises a promoter, for example a megakaryocyte-specific promoter. In some

embodiments the vector comprises a platelet-specific promoter.

The invention aiso provides a viral particle, or viral vector, comprising any one or mors of the
nucleic acids of the invention.

By “engineer” we include the meaning of any manipulation that can affect the gene sequence
and/or protein sequence - for example we include manipulations made at the nucleic acid level,

for example using CRISPR based nudleic acid editing and homologous recombination; and we also
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include manipulations made at the translational level, for example the repression of translation
via RNAI.

As described above, the invention provides a CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR and ePAR. These are all receptors that sit within a surface
membrane of a cell or a platelet and bind to a particular target (for example a cancer neg-antigen,
or a TCR) and/or are cleaved by specific proteases, which triggers subseguent platelet modulation
events, that can result in cargo unloading, activation of T cells or other intracellular signaling
events. Accordingly, when used in practice, for example to direct delivery of a cargo to a
particular cell or tissue within the body, or to activate T cells, the CPR, universal CPR, complex
of universal CPR and tagged targeting peptide, SAPR or ePAR is deployed in the context of an
effector-chassis wherein the CPR, universal CPR, complex of universal CPR and tagged targeting
peptide, SAPR or ePAR is localised to the plasma membrane of the effector-chassis.

As described above, platelets have unique properties that make them advantageous for use as
targeted delivery vehicles.

Maodifications intended to drive the differentiation of a progenitor chassis to a producer chassis
{for example Forward programming) may be carried out by any method, and c¢an involve the
knockin of genes, for exampie transcription factors. Each particular gene knockin can be
introduced in 2 number of ways, for example a first gene can be introduced to a first allele of a
first locus, and/or a first gene can be introduced to a second allele of a first locus. Additionally
or alternatively, a first gene can be introduced into a first allele of a first locus and a second gene
can be introduced in to a first allele of a second locus. Additionally or alternatively, a first gene
can be introduced into a first aliele of a first locus and a second gene can be introduced into a
second allele of the first locus., These varicus combinations apply to the introduction of protein
coding genes, and also to the introduction of functional RNA coding seguences, such as those
that encode RNA sequences involvad in RNAI, Each gene can be introduced under a combination

of constitutive and inducible promoters.

Engineering steps referred to hersin can be performed in any of the progenitor, producer and/or
effector-chassis - however the skilled person appreciates that platelets and platelet-like
membrane-bound cell fragments do not comprise a nucleus and so it is not possible {0 engineer
the nucleic acid of the platelet or platelet-like membrane-bound cell fragments, and instead, the
engineering is typically performed on one or more of the upstream chassis that differentiate into
the producer-chassis {for example a megakaryocyte) that produces the platelets or platelet-like
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membrana-bound cell fragments ~ i.e. the engineering steps are typically performed in the
progenitor-chassis or the producer-chassis. Some means of disrupting pathways, such as the
thrombogenic pathway, are compatible with platelets, for example siRNA can be used in platelets
to prevent expression from particular mRNAsS and so it is appropriate in some instances to
engineer the effector-chassis directly.

References herein to “engineering” in terms of engineering a progenitor, producer or effector-
chassis as described herein is to be taken to refer to any appropriate means of modulating the
function of one or more genes or proteins in the chassis in a desirable way. For example in some
embodiments, the engineering is to reduce or inhibit expression of a protein; and in some
embodiments the engineering is to increase expression of a particular protein. A progenitor,
producer or effector-chassis may be engineerad to have any number of modifications, for example
be engineered to disrupt or inhibit expression of any number of proteins and/or to increase the
exprassion of any number of proteins. Exemplary means of disrupting gene expression include
those that at act at the DNA level, the transcriptional level, the transiational level and the post-
transiational level, and for example include CRISPR/Cas systems, zinc finger nucleases,
transcription activator-like effector nucleasaes (TALENs), a RNA interference construct (RNAI}
{e.g., small interfering RNA {siRNA} or microRNA (miRNA)}, or a short hairpin RNA (shRNA). Any
means of preventing expression of the ultimate gene product {for example a protein where the
gene is a protein encoding gene; or an RNA where the gene or nucleic acid encodes an active
RNA)} is considered 1o be appropriate {(provided the method does not kill the chassis). Intrabody
technology can also be used to regulate gene expression.

We include the meaning of any manipulation that can affect the gene seguence and/or protein
sequance - for example we include manipulations made at the genomic level, for example making
modifications, deletions, substitutions etc in the genomic nucleic acid of a progenitor, producer
or effector-chassis, for example using CRISPR based nucleic acid editing and homologous
recombination; and we also include manipulations made at the transiational level, for example
the repression of translation via RNAI or siRNA. For example an engineerad progenitor, producer
or effector-chassis as described herein may have one or more gene deletions, single mutations
or insertions, gene knockins, promeoter substitutions eic; or may express one or more regulatory
motlecules such as an RNAL. We also include making modification at the protein level, for example
by making modifications such as the phosphorylation of a particular protein.  All methods of
modification are encompassed here. Preferably the modifications are made at the genomic level.
In view of at least this disclosure, the skilled person understands what is meant by “engineering”
in the context of an engineered a progenitor, producer or effector-chassis as described herein.
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The ultimate entity that is administered to a subject, is the effector-chassis e.g. a platelet, or a
platelet-like membrane-bound cell fragment (2.¢. the platelet used to deliver a cargo that has,
in preferred embodiments, been engineered so as to disrupt one or more of the native signaling
pathways of a platelet, for example to disrupt the thrombogenic pathway) is derived from a series
of increasingly differentiated cells, including a myeloid stem cell, 3 megakaryoblast, a
megakaryocyte or iPSC or and don’t comprise a nucleus themselves. If is clear then to the
skilled person that references to modification of the nucleic acid of a platelet is intended fo
encompass modification to the progenitor and producer-chassis e.g. the myeloid stem cell, a
megakaryoblast, a megakaryocyte or iPSC, since it is modifications in the myeloid stem celi, a
megakaryoblast, a megakaryocyte or iPSC that ultimately determines what proteins are
expressed in the platelet or platelet-like membrane bound cell fragment.

It is clear that in some instances it may not be necassary to knock out or delete the entire gene
in a particular pathway. For example GP1b knockout results in abnormal platelets, however one
can delete only the extraceliular domain of the receptor (removing its ability to function) while
retaining the intracellular domain, resulting in typical platelets that lack the ability to bind to von
Willebrand factor the GP1b target). Accordingly in some embodiments, the disruptions, deletions
or knockouts described herein are full disruptions, deletions or knockouts of the entire gene. In
other embodiments, the disruptions, deletions and knockouts are disruptions deletions and
functional knockouts i.e. disruption of the function of the protein, and in some embodiments the
deletion is a deletion of the extracelular domain of the proteins.

The term "platelet-like membrane-bound cell fragment” is intended to encompass the fact that
in some instances, many of the biological markers and functions that are routinely used to classify
a structure as a platelet have been intentionally disrupted and so it may not be possible to classify
the engineerad platelet as a “platelet” according to standard definitions. For example, platelet
agaregation is used to determine platelet function in clinical samples. In some instances as
described herein, the thrombogenic system of the platelets has been disrupted, and so the
engineered platelets are unable to aggregate. In such instances it may be contrary to standard
definition to term such entities “platelets”. Herein, a platelet or a platelet-like membrane-bound
ceil fragment is defined herein as an entity that is produced from a megakaryocyte or
megakarvocyte-like cell by fragmentation in the typical way that platelets are made. Accordingly
in one embodiment, a platelet-like membrane-bound cell fragment is defined as the cell
fragments produced from a megakaryocyte that has been engineered to disrupt one or more
signaling pathways, for example to disrupt the thrombogenic pathway. Similarly, due to the
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pathways that may be disrupted, an enginesred megakaryocyte may not fit the standard
definition of a8 megakaryocyte since in some embodiments one or more of the defining markers
or functions may be disrupted in the engineered megakaryocyte. Accordingly, in some instance
the term megakaryocyte-like cell may be preferable. The skilled person is be able to determine
whether the megakaryocyte, or megakaryocyte-like cell retains the required functions, namely
being the ability to produce platelets or platelet-like membrane cell fragments. The engineered
megakaryocyte or megakaryocyte-like cell should retain the ability to produce pseudopodal

extensions.

Producer-chassis such as megakaryocytas and effector-chassis such as platelets also express {(or
otherwise comprise) a specific isoform of Tubulin - TUBB1 (betal-tubulin). TUBBL is a
componant of the microtubules that form the platelet cytoskeleton. For example, although
platelets do not comprise a nucleus, the platelets still comprise TUBB1 protein, for example via
transiation of TUBB1 mRNA or by virtue of the platelet being a fragment of a producer-chassis
such as a megakaryocyte that does express TUBB1. TUBBI is necessary for the function of the
platelet, and so is considered to be a useful marker for the skilled person to use o determine
whether a progenitor, producer or effector-chassis for example an engineered progenitor,
producer or effector-chassis that has been engineerad to remove some of the markers that are
typically used to identify a megakaryocyte or platelet is still actually a progenitor, producer or
effector-chassis as described herein. Accordingly, in some embodiments the progenitor, producer
or effector-chassis, for example the platelet or platelet-like membrane-bound cell fragment, or
the megakaryocyte-like cell expresses TUBBL. See for example Schwer et al 2001 Curr Biol 11:
575-586 and Kunishima et al 2009 Blood 113: 458-461,

The skilled person appreciates that by “expresses TUBB1” we include the meaning of TUBB1
variants that retain the necessary functions of TUBB1L that are required for platelet production.
i.e. TUBBL may comprise a numbear of mutations or substitutions relative to the naturally
occurring TUBBL sequences but which retain TUBB1 function. Accordingly, in some embodiments
it is more appropriate to state that the chassis comprises TUBB1.

The progenitor, producer or effector-chassis described herein may be engineered (in addition to
any engineering necessary to direct differentiation to a megakaryocyte, for example engineering
to drive the differentiation of the chassis, for example to forward program the cell) to disrupt one
or more signaling pathways, or may not be engineered to disrupt one or more signaling pathways.
A progenitor, producer or effector-chassis that is not engineered to disrupt one or more signaling

pathways may still be engineered {0 express one or more proteins or to comprise gne or more
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mutations or other modifications. For example a progsenitor, producer or effector-chassis that is
not engineered to disrupt one or more signaling pathways may still be engineered {0 express one
or morea of the CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides,
SAPRs or ePARs described herein. A progenitor, producer or effector-chassis that is not
engineered to disrupt one or more signaling pathways may additionally or alternatively have been
engineered to knock in the relevant genes for differentiation, for example genes needed for

forward programming.

Accordingly, in one embodiment the invention provides a progenitor, producer or effector-chassis
as described herein, for example a myeloid stem cell, a megakaryoblast, a megakaryocyte,
megakaryocyie-like cell, an iPSC, adipocyte, adipose-derived mesenchymal stromal/stem cell line
(ASCL) & piatelet or a platelst-like membrane-bound call fragment,

that comprises:

gne or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting

peptides, SAPRs, or ePARS according to the invention;

one or more nucleic acids according to any of the preceding claims that encodes the CPR,
universal CPR, SAPR, or ePAR according to the invention;

ane or more vectors according to the previcus claims that comprises one or more nucleic
acids according to any of the preceding claims that encodes the CPR, universal CPR, SAFR, or
ePAR according to the invention; and/or

one or more viral vectors according to the invention that comprises one or more nucleic
acids according to the invention that encodes the CPR, universal CPR, SAPR, or ePAR according

to the invention.

In these embodiments, the progenitor, producer or effector- chassis, for example a
myeloid stem cell, a megakaryoblast, a megakaryocyte, megakaryocyte-like ceall, an iPSC,
adipocyte, adipose-derived mesenchymal stromal/stem cell line (ASCL) a platelet or a platelet-
like membrane-bound call fragment, is vary similar to the “base” chassis, for example very
similar to a platelet that would be found naturally in the human body, with the difference being
that the progenitor, producer or effector-chassishas been engineered to express cne or more
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or
ePARs described herein. The progenitor, producer or effector-chassis may also have been
engineared to drive differentiation, for example may have been forward programmed.
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In some embodiments the progenitor, producer or effector-chassis for example myeioid
stem cell, a megakaryobiast, a megakarvocyte, megakaryocyte-like cell, an iPSC, adipocyte,
adipose-derived mesenchymal stromal/stem cell line {(ASCL) a platelet or a platelet-like
membrane-bound cell fragment,

has not been engineeread:

to modulate one or more signaling pathways, optionally engineered to disrupt the
thrombogenic pathway and/or engineered to disrupt a platelet inflammatory signaling
pathway and/or engineered to make the engineered progenitor, producer or effector-chassis

less immunagenic; and/or

to enhance or disrupt one or more base functions of the progenitor, producer or effector-
chassis, optionally wherein the one or more or
base functions are involved in the base and/or adaptive immune response, inflammation,

angiogenasis, atherosclerosis, lymphatic development and tumour growth.

A progenitor, producer or effector-chassis of these embodiments, where the progenitor, producer
or effector-chassis has not been engineered to moduilate one or more signaling pathways or to
enhance or disrupt one or more base functions of the progenitor, producer or effector-chassis but
wiiich expressaes one or more CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs can be used to target delivery of a cargo to a particular site
in the body, tissue or cell. However, since these progenitor, producer or effector-chassis retain
properties that are inherent in a platelet, namely thrombogenic potential, upon binding of the
CPR, universal CPR, complexes of universal CPR and tagged targeting peptide, SAPR or ePAR to
the target, the platelet triggers thrombogenesis. This may be useful in for example the treatment
of cancer since the formation of a blood clot around the tumour can starve it of oxygen, or in

situations where restricting oxygen to a vessel or organ that has suffered trauma would be useful.

It is important, in all instances when engineering the progenitor, producer or effector-chassis,
that the ability of the megakaryocyie or megakaryocyte-like call to produce platelets, or platelet-
fike membrane-bound cell fragments is maintained. The skilled person is able to determine
whether such an enginesred megakaryocyte is able to produce platelets or platslet-like
membrana-bound cell fragments.

However, a platelet that has thrombogenic potential has limited use in the body due to safety

congerns.

- 48 -



WO 2022/263824 PCT/GB2022/051512

Accordingly, in some preferred embodiments, the progenitor, producer or effector-chassis has
been engineered {0 modulate, for example to disrupt one or more signaling pathways, for
example to disrupt the thrombogenic signaling pathway, a platelet inflammatory signaling
pathway, and/or to make the enginssred progenitor, producer or effecior-chassis less
immunogenic. Any signaling pathway of the platelet may be modulated. For example the
modulation of some signaling pathways can enhance some desirable features of a progenitor,
producer or effector-chassis for example of a platelet or a platelet-like membrane-bound cell
fragment that are base signaling pathways the progenitor, producer or effector-chassis - for
example to modulate pathways involved in the innate and/or adaptive immune response, for
example in inflammation, angiogenesis, atherosclerosis, lymphatic development and tumour
growth. Accordingly in one embodiment the invention provides an engineered progenitor,
producer or effector-chassis that has been enginssred to modulate one or more signaling
pathwavys, for example engineered to disrupt the thrombogenic pathway and/or engineered to
disrupt a platelet inflammatory signaling pathway and/or engineerad o make the engineered
progenitor, producer or effector-chassis less immunogenic and/or engineered to enhance or
disrupt one or more base functions of the progenitor, producer or effector-chassis .

The engineered progenitor, producer or effector-chassis described herein that have been
engineered to modulate one or more signaling pathways, for exampie that have been engineered
to disrupt the thrombogenic pathway and/or engineered to disrupt a platelet inflammatory
signaling pathway and/or engineered to make the engineered progenitor, producer or effector-
chassis less immunogenic and/or engineered to enhance or disrupt one or more base functions
of the progenitor, producer or effector-chassis, have use beyond any effect related to the CPR,
universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR of the
invention, and so it is clear that the invention provides an engineered progenitor, producer or
effector-chassis which is any of the engineered progenitor, producer or effector-chassis described
hergin for example a myeloid stem cell, a3 megakaryoblast, @ megakaryocyte, a magakaryocyte-
fike cell, an IPSC, a platelet, or a platelet-like membrane-bound cell fragment, wherein the
progenitor, producer or effector-chassis does not comprisea:

ane or more CPRs, universal CPRs, complaexes of universal CPRs and tagged targsting
peptides, SAPRs ar ePARs of the invention;
one or more nucleic acids that encode one or more CPRs, universal CPRs, complexes of

universal CPRs and tagged targeting peptides, SAPRs or ePARs of the invention;
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ane or more vectors that comprises one or more nuclesic acids that encode ong or more
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs
or ePARs of the invention; and/or
one or more viral vectors that comprises one or more nucleic acids that encode one or
mora CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides,
SAPRs or ePARs of the invention,

For example, the invention provides an engineered progenitor, producer or effector-chassis (for
example an enginesred myeloid stem cell, a megakaryoblast, a megakarvocvie, a
megakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment),
wherein the progenitor, producer or effector-chassis has been engineered to modulate one or
more signaling pathways (for example that have been enginesred to disrupt the thrombogenic
pathway and/or engineered to disrupt a platelet inflammatory signaling pathway and/or
engineered to make the engineered progenitor, producer or effector-chassis lgss immunogenic)
and/or engineered to enhance or disrupt one or more base functions of the progenitor, producer
or effector-chassis, and wherein the progenitor, producer or effector-chassis does not comprise:
a CPR, universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or
aPAR of the invention;
agne or more nucleic acids that encode one or more CPRs, universal CPRs, complexes of
universal CPRs and tagged targeting peptides, SAPRs ar ePARs of the invention;
one or more vectors that comprises one or more nucleic acids that encode one or more
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs
or ePARs of the invention; and/or
one or more viral vectors that comprises one or more nucleic acids that encode one or
more CPRs, universal CPRs, compiexes of universal CPRs and tagged targeting peptides,
SAPRs or ePARs of the invention.

For example some of the engineered progenitor, producer or effector-chassis described herein
have reduced thrombogenic potential and/or immunogenicity relative to a progenitor, producer
or effector-chassis that has not been engineered to have reduced thrombogenic potential and/or
immunogenicity which can be useful in situations that do not involved the CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR, or @PAR of the invention. For
example an engineered progenitor, producer or effector-chassis that does not comprise a receptor
of the invention is considered to be useful in situations where clotting is not desirad, for example
in stroke or MI - for example platelets that lack thrombogenic capabilities but comprise the
external receptors are recruited to the site of thrombosis, but will interfere with the thrombogenic
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process. Preferences for features of the CPRs, universal CPRs, complexes of universal CPRs and
tagged targeting peptides, SAPRs or ePARs are as described herein.

However, in some advantageous embodiments, the engineered progenitor, producer or effector-
chassis as described herein do comprise one or more CPRs, universal CPRs, complexes of
universal CPRs and tagged targeting peptides, SAPRs or ePARs. Accordingly, the invention
provides any of the engineered progenitor, producer or effector-chassis (for example an
enginearad myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-like cell,
an iPSC, a platelet, or a platelet-like membrane-bound cell fragment), wherein the progenitor,
producer or effector-chassis has been engineered to modulate one or more signaling pathways
{for example that have been engineered to disrupt the thrombogenic pathway and/or engineered
to disrupt a platelet inflammatory signaling pathway and/or engineered to make the engineerad
progenitor, producer or effector-chassis less immunogenic) and/or engineered to enhance or
disrupt one or more base functions of the progenitor, producer or effector-chassis, and wharein
the engineered progenitor, producer or effector-chassis comprises any one or more of:

a CPR, universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or
aPAR of the invention;

ane or more nucleic acids that encode one or more CPRs, universal CPRs, complexas of
universal CPRs and tagged targeting peptides, SAPRs ar ePARs of the invention;

one or more vectors that comprises one or more nucleic acids that encode one or more
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs
or ePARs of the invention; and/or

one or more viral vectors that comprises one or more nucleic acids that encode one or
more CPRs, universal CPRs, compiexes of universal CPRs and tagged targeting peptides,
SAPRs or ePARs of the invention.

Preferences for features of the CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or aPARs are as describad herein.

It is clear that the nucleic acid that encodes any of the CPR, universal CPR, complex of universal
CPR and tagged targsting peptide, SAPR or ePAR of the invention can be introduced in to 2
progenitor, producer or effector-chassis in a variety of ways. For example, in some embodiments
the nucleic acid that encodes any of a CPR, universal CPR, compiex of universal CPR and tagged
targeting peptide, SAPR or ePAR of the invention is introduced in to the genomic nucleic acid. For
example, a nucleic acid encoding a CPR, universal CPR, complex of universal CPR and tagged
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targeting peptide, SAPR, or ePAR can be introduced to a first aliele of a first locus, and/or a the
nucleic acid can be introduced to a second allele of a first locus. Additionally or alternatively, the
nucieic acid can be introduced into a first allele of a first locus and a second nucleic acid (for
example encoding a second CPR, universal CPR, complex of universal CPR and tagged targeting
peplide, SAPR, or ePAR) can be introduced in o a first allele of a second locus. Additionally or
alternatively, a first nucleic acid can be introduced into a first aliele of a first locus and a second
nucieic acid can be introduced into a second allele of the first locus.

In some embodiments the nucleic acid that encodes any of a CPR, universal CPR, complex of
universat CPR and tagged targeting peptide, SAPR or ePAR of the invention is introduced in to
the progenitor, producer or effector-chassis and maintained in the progenitor, producer or
effector-chassis episomally.

In some embodiments the nucleic acid that encodes any of @ CPR, universal CPR, complex of
universal CPR and tagged targeting peptide, SAPR or @PAR of the invention is introduced in {0
progenitor, producer or effector-chassis via nucleofection.

These various combinations apply to the introduction of protein coding genes, and also o the
introduction of functional RNA coding sequences, such as those that encode RNA sequences
involved in RNAL

As described above, the use of platelets and engineered platelets as delivery or targeted delivery
vehicles has several advantages over current therapies.

The platelets or engineered platelets described herein, for example platelets that express one or
more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs,
or ePARS of the invention, may be generated outside the body from megakaryocytes. As the
megakaryocyte is maintained in culture outside of the body, it can be extensively edited at the
genome level {e.g. by CRISPR/Cas9) without fear of oncogenic transformation in the patient,
which is not possible with other competing cell therapy products.

The platelets described herein, for example platelets that express one or more CPRs, universal
CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs, or ePARS of the
invention, would have a lifespan in the body of 7-10 days, with little to no potential for continued
reproduction, thus little to no chance of forming a tumour itself,
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Platelets can be frozen and stored for extendead period of time resulting in an extended shelf life,
and with currently available technology, engineered platelets could be produced, stored,
transported and administered to patients without issue due to their lack of immunogenicity.

In specific embodiments, where the platelet-like membrane-bound cell fragment has been
engineered so as to disrupt the thrombogenic potential of the delivery tool, it can be called a
Svnlet. Synlets can comprise one or more further modifications, and/or disruptions or knockins
of signaling pathways.

The progenitor, producer or effector-chassis -~ for example the mysloid stem cell, a
megakaryoblast, a megakaryocyte, adipocyte, adipose-derived mesenchymal stromal/stem cell
fine {ASCL) or iPSC the platelets, platelet-like membrane-bound delivery tool, or Syniets are
preferably produced ex vive or in vitro. In some instances the progenitor, producer or effector-
chassis may be produced in vivo, for example through HSC transplant.

In some embodiments where the progenitor, producer or effector-chassis or engineesred
progenitor, producer or effector-chassis exprasses one or more CPRs, universal CPRs, complexes
of universal CPRs and tagged targeting peptides, SAPRs or ePARs of the invention and wherein
the one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peplides, SAPRs or ePARs comprises a platelet activation domain e.q. a platelet degranulation
triggering domain, in some embodiments it is considerad to be necessary that the progenitor,
producer or effector-chassis, i.e. the platelet or platelet-like membrane-bound cell fragment, or
Syniet degranulates upon binding of the target-binding domain of the one or more CPRs, universal
CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs to the target.

In some embodiments where the progenitor, producer or effector-chassis expressas one or more
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or
ePARs of the invention and wherein the one or more CPRs, universal CPRs, complexes of universal
CPRs and tagged targeting peptides, SAPRs or ePARs comprises a platelet inhibition domain e.g.
a domain that prevents the triggering of platelet degranulation, in some embodiments it is
considered to be necessary that the progenitor, producer or effector-chassis or the engineered
progenitor, producer or effector-chassis, i.e. the piatelet or platelet-like membrane-bound call
fragment, or Synlet is able inhibit the activation of degranulation upon binding of the target-
binding domain of the one or more CPRs, universal CPRs, complexes of universal CPRs and tagged

targeting peptides, SAPRs or ePARs to the target.
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Whether a particular effector-chassis needs to retain the ability to activate, i.e. trigger
degranulation, or to inhibit the activation of degranuiation depends gn the nature of the one or
more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs
or ePARs of the invention that are present in the effector-chassis. Preferences for the CPRs,
universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs of
the invention are as described herein.

In some particular embodiments, it is not considered necessary that the platelet degranulates or
does not degranulate, and simply binding of the SAPR to the target is sufficient to produce a
useful effect. For example, in some embodiments the target binding domain comprises an
MHC/antigen complex. In these embodiments, the SAPR mimics the presentation of an antigen
as part of an antigen/MHC complex by antigen presenting cells. T celis can bind, through the T
cell receptor (TCR) to the antigen when presented as part of an MHC/antigen complex which
resulfs in activation and differentiation of the T cell. This in itself is considered to be an

advantageous use of the progenitor, producer or effector-chassis of the invention,

In some embodiments, the invention provides the CPRs as defined by any of SEQ ID NO: 104-
111,

In contrast to chimeric antigen receptor T (CAR-T) cells, in some embodiments the present
invention provides a progenitor, producer or effector-chassis, for example an engineered myeloid
stermn cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-like cell, an iPSC, adipocyte,
adipose-derived measenchymal stromal/stem cell line (ASCL), a platelet, or a platelet-like
membrane-bound cell fragment that is a universal product which does not require a match to a
patient before administration. For example in these embodiments the progenitor, producer or
effector-chassis has been engineered 50 as t¢ have inhibited expression from the beta 2
microglobulin gene, for example through a knockout of the beta 2 microglobulin gene.

Further, platelet or platelet-like membrane-bound cell fragment production in vitro from the
progenitors described herein, removes the need to continuocusly produce virus and edit cells. Due
to the short life span of the engineerad platelets or enginesred platelet-like membrane-bound
ceil fragments described herein, safety concerns are limited as compared to current gene ediling
therapeutics. For example, gene editing and genome stability is less of a concern in the present
invention than with CAR-T cells because platelets are enucieate and therefore the complexity of
the platelet therapy is not limited by the efficiency of editing or culture time limits. Additionally,
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dus to their smaller size, the engineered platelets may provide better access to salid tumors than
CAR-T calis.

Enucleated red biood cells, such as those commercially available from Rubius Therapeutics, Inc.,
have also been contemplated in the art for delivering therapeutic agents. In contrast to red blood
cells, the engineerad progenitor, producer or effector-chassis, for example engineered platelets
or engineered platelet-like membrane-bound cell fragments described herein are highly
metabolically active and include signaling systems that can be re-engineerad. In fact, more
targeted uses are possible with the engineered platelets or engineered platelet-like membrane-
bound cell fragments described herein comparead to red blood cells.

Vesicle degranulation of the engineered platelets or engineered pilatelet-like membrane-bound
cell fragments described herein also allows for “hiding” of the cargo, for example a cargo protein,
until the desired target is engaged, which is not possible with enucieated red blood cells because
the biotherapeutic proteins are generally expressed on the surface of the cell,

The engineered platelets or engineered platelet-like membrane-bound cell fragments described
hersin are also smaller than red blood cells likely resulting in better biodistribution.

Accordingly, in one embodiment binding of the target binding domain of the CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR or ePAR present in a platelet or
platelet-like membrane-bound cell fragment o the target or antigen resulis in degranulation.

To arrive at any of the progenitor, producer or effector-chassis or engineered progenitor, producer
or effector-chassis described herein, some modulation of gene expression is used - either {o
modulate genes that are natively found in a progenitor, producer or effector-chassis, for example
an engineered myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-like cell,
an iPSC, adipocyte, adipose-derived mesenchymal stromal/stem cell line (ASCL), a platelet, or a
platelet-like membrane-bound cell fragment, and/or to introduce non-native genss or other
coding sequences to the progenitor, producer or effector-chassis, for example one or more genes
encoding one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs of the invention.

By “modulate” expression we include the meaning of reducing expression levels, compietely
preventing expression (for example in the case of a gene-knockout), or increasing expression

levels,
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As described above, a progenitor, producer or effector-chassis as described herein that has
thrombogenic potential has limited use in scenarios that involve administering the progenitor,
producer or effector-chassis to a human body. Other native signaling pathways may preferably
be modulated, for example disrupted or inhibited or enhanced.

Modulation, disruption, inhibition or enhancement of various pathways that are base pathways of
the progenitor, producer or effector-chassis is desirable in situations where the progenitor,
producer or effector-chassis does not comprise one or more CPRs, universal CPRs, complexes of
universal CPRs and tagged targeting peptideas, SAPRs or ePARS; and is also desirable in situations
where the progenitor, producer or effector-chassis does comprise one or more CPRs, universal
CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs. Accordingly,
discussion herein regarding the modulation of signaling pathways is to be taken to relate to both
embodiments, i.e. the progenitor, producer or effector-chassis of the invention that does and
does not comprise the one or more CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides of the invention.

Any signaling pathway that is a base signaling pathway of the progenitor, producer or effector-
chassis of the invention may be modulated, disrupted, inhibited or enhanced. Exemplary
pathways that may be beneficially disrupted include the thrombogenic pathway and/ the
inflammatory signaling pathway and/or pathways related to platelel immunogenicity. Other
exemplary pathways that may be modulated are pathways that are involved in the innate and/or
adaptive immune rasponse, inflammation, angiogenesis, atherosclergsis, iymphatic development,

tumour growth, platelet adhesion, platelet migration and extravasation.

A particularty advantageous pathway to disrupt is the thrombogenic pathway. Although described
hergin are some uses of a progenitor, producer or effector-chassis of the invention that retains
thrombogenic potential, in preferred embodiments the thrombogenic pathway is disrupted. In
more preferred embodiments the entire thrombogenic pathway is disrupted. For example, whan
targeting a cargo to a particular site in the body it is in most cases preferable that, upon
degranulation and release of the cargo, the native thrombogenesis pathway is not triggered -
preventing the undesirable formation of clots at the target site. Accordingly, in some
embodiments the invention provides an engineered progenitor, producer or effector-chassis, for
example an engineered myeloid stem cell, a megakaryoblast, a2 megakaryocyte, a
megakaryocyte-like cell, an iPSC, adipocyte, adipose-derived mesenchymal stromal/stem cell line
{ASCL), a platelet, or a platelet-like membrane-bound cell fragment wherein the engineered
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progenitor, producer or effector-chassis has reducsd thrombogenic potential relative o a
progenitor, producer or effector-chassis that has not been engineered so as to have reduced
thrombogenic potential. In some embodiments the progenitor, producer or effector-chassis has
no thrombogenic potential - i.e. are not thrombogenic at all,

In some embodiments, the engineered progenitor, producer or effector-chassis of the invention,
for example the engineered myeloid stem cell, a megakaryoblast, a megakaryocyle, a
megakaryocyte-like cell, an iPSC, adipocyte, adipose-derived mesenchymal stromal/stem cell line
{ASCL), a platelet, or a platelet-like membrane-bound cell fragment is, or produces platelets that
are, less thrombogenic than platelets produced from a “natural” engineered myeloid stem cell, a
megakaryoblast, a megakaryocyte, a megakaryocyie-like cell, an iPSC, adipocyte, adipose-
derived mesanchymal stromal/stem cell line (ASCL), a platelet, or a platelet-like membrane-
bound cell fragment - i.e. are less thrombogenic than platelets or platelet-like membrane-bound
cell fragments produced from a progenitor, producer or effector-chassis for exampie from a
myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-like cell, or an iPSC
that has not bean intentionally engineerad to have reducad thrombogenicity - for example the
engineered progenitor, producer or effector-chassis of this embodiment is less thrombogenic than
the corresponding iPSC, megakaryocyte or platelet that is found in vive, (e.g., platelets from a

human donor).

In addition, or alternatively, the engineered progenitor, producer or effector-chassis, for example
an engineered iPSC progenitor, adipocyte, adipose-derived mesenchymal stromal/stem cell line
{ASCL), megakaryocyte or platelet may contain genetic modifications within the gene
components of pathways for platelet adhesion, migration, and extravasation.

In one embodiment, the engineered progenitor, producer or effector-chassis, which as described
heresin is a progenitor, producer or effector-chassis that has been engineered to modulate one or
more signaling pathways, for example an engineered a myeloid stem cell, a megakaryoblast, a
magakaryocyte, megakaryocyte-like celi, an iPSC, adipocyis, adipose-derived mesenchymal
stromal/stem cell line (ASCL) a platelet or a platelet-like membrane-bound cell fragment has

been engineerad so as to disrupt one or more functions of the thrombogenic pathway.

An engineered platelet, or engineered platelet-like membrane-bound cell fragment that has been
stripped of thrombogenic potential is in some instances also calied a SYNLET™ and can act as a
blank template in terms of thrombogenicity, effectively functioning as a scaffold, having the
capacity to store cargo internally in vesicles, internally in the cytoplasm, or on the outer surface
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of the plasma membrane. As described hergin, expression or one or more CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR or ePAR in the SYNLET {engineered
platelet or engineered platelet-like membrane-bound cell fragment that lacks thrombogenic
potential} allows the SYNLET to respond {0 specific antigens or signals. These advantageous
engineered platelets and engineered platelet-like membrane-bound cell fragments preferably do
not respond to endogenous stimuli that usually result in clot formation, preferably are not
recruited by other activated platelets, and on activation, are preferably not be able {o recruit and
activate endogenous platelets in the patient. It is clear to the skilled person that to produce such
advantageous engineered platelets or engineered platelet-like membrane-bound cell fragments,
the platelet precursor, t.e. the myeloid stem cell, a megakaryoblast, a megakaryocyte, a
megakaryvocyie-like cell, adipocyte, adipose-derived mesenchymal stromal/sterm cell line (ASCL)
or an iPSC, has to be appropriately engineered. Examples of such methods of engineering are
described herein.

In some embodiments is may be possibie to produce an advantageous platelet or platelet-ltike
mambrane-bound cell fragment, for example a platelet that lacks the ability to recruit and activais
endogencus platelets in the patient, that is not able to respond to endogenous stimuli that usually
resul in clot formation, and that are not recruited by other activated platelets, by exogenously
treating the platelet or platelet-like membrane-bound cell fragment, for example by exposing the
platelet or platelet-like membrane-bound cell fragment to agents that inhibit transcription or
transiation of the required genes, for example by exposing to siRNA fragments, or CRISPR
components targeted to particular transcripts - rather than requiring the progenitor to have been
engineered (other than to express the CPR in embodiments of the progenitor, producer or
effector-chassis that comprise the CPR).

The thrombogenic pathway comprises a number of pathways that act together to provide the
robust thrombogenic response in response o injury, for example. The primary stimuli of
thrombosis formation has to be recognised; a secondary stimulus of thrombus formation is

recognised; and secondary mediators of thrombus formation are released.

Racognition of primary stimuli of thrombus involves the platelets recognizing factors associated
with exposed tissue that becomes exposed upon wounding, for example, recognizing the
subendothelium. In typical circumstances, platelets are not exposed to subendothelium.
Exposure of the subendothelium aliows platelets to recognize ligands such as collagen, von
Willebrand factor, fibronectin, thrombospondin via receptors on the platelet surface, such as
GPIb/V/IX and GPVI (GP6), ITGAZB, integrins s amsbs, a2b1, asb: and asb:. Accordingly, in some
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embodiments the genes encoding a protein involved in recognition of primary stimuli of thrombus
formation include GPIb/V/IX and GPVI (GP6), ITGAZB, CLECZ, integrins S ausbs, a2b1, asby and
asbi.

Once platelets have made contact with the exposed endothelium, for example via the interactions
discussed above, the platelets release secondary messengers such as ADP, thrombin and TxAz
which are detected by other platelets and which cause platelet aggregation at the wound site. In
some embodiments, it is preferred if the ability of the platelets to recognize the secondary
rmessengers is disrupted. It is not desirable if a platelet of the invention is targeted to wound site
for example, rather than the intended target. Accordingly, in preferred embodiments the ability
of the platelets to recognize the secondary messengers is disrupted. Receptors that are involved
in this function include Parl, Par4, P2Y12, GPIb/V/IX, the Thromboxane recaptor {TBXAZR), P2Y1,
P2X1 and integrin aucbs.

As mentioned above, once platelets have recognized the exposed tissue, they release secondary
massengers to recruit other platelets to the site. Once a platelet of the invention has bound to
a target, for example to a tumour antigen, it is not desirable for the platelet of the invention to
then recruit other platelets to a target site and form a thrombus, for example a thrombus at a
tumour site. Accordingly, in preferred embodiments, the pathway by which the activated platelet
releases the secondary messengers is disrupted. The pathway can include those proteins that
are involved in the production and/or storage and/or release of the secondary mediators. Genes
involved in this pathway include Coxl, Cox2, HPS, TMEMI16F, prothrombin, PDGF, EGF, von
Willebrand Factor and thromboxane-A synthase (TBXASL).

Alternatively, the deletion or modification is introduced to genes that mediate platelet signal
transduction, such as HPS (biogenesis of lysosomal organelles complex 3 subunit) genes, which
are vital to ADP, serotonin, and ATP release from dense granules; and mitochondrially encoded
cytochrome C oxidase II (COX2), which generates inflammatory and prothrombogenic mediators
and is a target of aspirin. Alernatively, the deletion or modification is introduced fo genes
expressing thrombotic mediators, such as prothrombin (major protein thrombeotic inducer); PDGF
which is a pro-angiogenic factor; EGF (elongation growth factor); and von Willebrand Factor
{collagen adaptor protein).

The combinatorial loss of thrombin and ADP signaling has been observed to abrogate vessel
occlusion, but ITAM receptors can still be activated (See, Boulaftali et al. "Platelet ITAM signaling
is critical for vascular integrity in inflammation”. JCI, 2013 and Cornelissen et al. “Roles and
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interactions among protease-activated receptors and P2ryl2 in hemostasis and thrombosis”,
PNAS. 2010, each of which is hereby incorporated by reference in its entirety). This work
demonstrates that disruption of crucial endogenous platelet signaling pathways does not abrogate
a platelet’s ability to signal through ITAM receptors, indicating that the engineered CPRs dascribed
herein are likely to function on a non-thrombogenic platelet background.

For example, thrombin activates platelets through cleavage of PARs (protease activated
recaptors), Platelet signaling is also driven by protease activated GPCRs, namely PARL and PAR4
which are cleaved by thrombin. Signaling is potent and acts to recruit platelets and facilitate
positive feedback between platelets after platelet activation. The thrombin cleavage sequence on
PARL and PARA4 is well defined.

In some embodiments, the engineered platelets described herein may comprise at least one
deletion or modification introduced into or replacing domains of endogenous platelet receptors,
such as, but not limited to, PAR4 {protease activated receptor 4), which is a primary thrombin
receptor; GP1b-1X-V {Glycoprotein Ib complexed with glycoprotein IX}, which is a primary anchor
receptor; P2Y12 (purinergic receptor P2Y12}, which is an ADP (adenosine diphosphate) receptor
and target of clopidogrel inhibition; GPVI {glycoprotein deletiontein VI platelet), which is a
colfagen receptor; or a thromboxan receptor to prevent activation of the engineered platelet.

It is clear to the skilled person that by a protein involved in recognition of primary stimuli of
thrombus we include the meaning of any protein that is involved in this process, for example
includes the protein that is directly involved in contact with or recognition of primary stimuli of
thrombus, and also genes that for example lead to the expression of those proteins that are
directly invelved in contact with or recognition of the primary stimuli of thrombus. The skilled
person understands which proteins are considerad to be involved in recognition of primary stimuli.
The key feature is that disruption of the proteins are that their disruption leads to a defect in the
recognition of primary stimuli of thrombus. However, in some embodimants a protein involvad
in recognition of primary stimuli of thrombus includes only those proteins that directly make

contact with the primary stimuli of thrombus.

By a protein involved in recognition of secondary mediators of thrombus formation we include
those proteins that are divectly involved in the contact with or recognition of secondar mediators
of thrombus formation, as well as proteins that are indirectly involved in those processes, for
example those proteins that are involved in the production of the proteins that are directly
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involved in the contact with or recognition of secondar mediators of thrombus formation. The
skilled person understands what is mean by proteins involved in recognition of secondary
madiators of thrombus formation. The key feature of the proteins are that their disruption leads
to a defect in the recognition of secondary mediators of thrombus formation. However, in some
embodiments a protein involved in recognition of secondary mediators of thrombus formation
includes only those proteins that make direct contact with the secondary mediators of thrombus

formation.

By a protein involved in the release of secondary mediators of thrombus formation we include
those proteins that are involved in the production and/or storage and/or release of the secondary
mediators. The kevy feature of the proteins are that their disruption leads to a defect in the
ultimate release of the secondary mediators. The defect may be in the production of the

secondary mediators, the storage of the secondary mediators, and/or the actual release process.

In some embodiments any one or more of the following three pathways are disrupted in the
progenitor, producer or effector-chassis: recognition of primary stimuli of thrombus formation;
recognition of secondary stimuli of thrombus formation; and release of secondary mediators of
thrombus formation. In preferred embodiments, all three of the pathways are disrupted.
Engineerad platelets stripped of all thrombogenic potential by disrupting the thrombogenic
pathways as described herein in the progenitor, producer or effector-chassis, for example
engineared IPSC, engineered adipocyte, engineered adipose-derived mesenchymal stromal/stem
cell line (ASCL), engineered megakarvocyies or engineered platelet alleviate potential thrombotic

safety concerns.

The skilled person appreciates that a single gene can be involved in one, two or three of the

above functions.

Examples of genes that may be deleted or disrupted (i.e. expression of the ultimate gene product
is prevented) from the engineersd progenitor, producer or effector-chassis for example an
engineered iPSC or engineered megakaryocyte genome or engineered platelet that are considerad
to disrupt the thrombogenic response are shown in Table 3 on page 33 of PCT/GB2020/053247
which is hereby incorporated by reference.

In some embodiments, the engineered progenitor, producer or effector-chassis, for example
engineered myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-like cell,
an iPSC, a platelet, or a platelet-like membrane-bound call fragment comprises a disruption of a
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iaast one gene, at least ong, two, three, four, five, six, seven, sight, nine, or at least ten genes
encoding an endogencous receptor, mediator protein, and/or signaling transduction protein.

In some embodiments the engineered progenitor, producer or effector-chassis comprises a
disruption or deletion of at least:

one gene that encodes a protein involved in recognition of primary stimuli of thrombus
formation;

one gene thal encodes a protein involved in recognition of secondary mediators of
thrombus formation; and

one gene that encodes a protein involved in the release of secondary mediators of

thrombus formation;

In some embodiments the engineered progenitor, producer or effector-chassis comprises a
disruption or deletion of at least:

two genes that encode a protein involved in recognition of primary stimuli of thrombus
formation;

two genes that encode a protein involved in recognition of secondary mediators of
thrombus formation; and

twg genes that encode a protein involved in the release of secondary mediators of

thrombus formation;

In some embodiments the engineered progenitor, producer or effector-chassis comprises a
disruption or deletion of at least:

three genes that encode a protein involved in recognition of primary stimuli of thrombus
formation;

three genes that encode a protein involved in recognition of secondary mediators of
thrombus formation; and

three genes that encode a protein involvad in the release of secondary mediators of

thrombus formation.

Genas that are considered to encode a protein involved in recognition of primary stimuli of
thrombus formation include GPIb/V/IX and GPVI (GP6), ITGAZB, CLECZ, integrins s aunbs,
azbi, asbi and asb, or optionally include GPVI and ITGAZB.
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Geneas that are considered to encode a protein involved in recognition of secondary stimuli of
thrombus formation include Pari, Pard, P2Y12, GPIb/V/IX, the Thromboxane receptor
{TBXAZR]}, P2Y1, P2X1 and integrin ambs or optionally include Parl, Pard and P2Y1Z.

Genes that are considerad to a protein involved in release of secondary mediators of thrombus
formation include Coxl, HPS and thromboxane-A synthase (TBXASL), or optionally include
Cox1 and HPS.

In some embodiments

the at least one, two or three genes that encode a protein involved in recognition
of primary stimull of thrombus formation are selected from the group consisting of:
GPIb/V/IX and GPVI {GP6), ITGA2B, CLEC2, integrins s amsbs, a2b1, asb: and aeby, or from
the group consisting of GPVI and ITGA2B;

the at least one, two or three that encode a protein involved in recognition of
secondary mediators of thrombus formation are selected from the group consisting of
Parl, Par4, P2Y12, GPIb/V/IX, the Thromboxane receptor (TBXAZR}, P2Y1, P2X1 and
integrin amshs or from the group consisting of Parl, Pard and P2Y12; and/or

the at least one, two or three genes that encode g protein involved in the release
of secondary mediators of thrombus formation are selected from the group consisting of
Coxl, Cox2, HPS, prothrombin, PDGF, EGF, von Willebrand Factor and thromboxane-A
synthase (TBXASL).

In some embodiments, the engineered progenitor, producer or effector-chassis has a disruption
or deletion in at least each of the following genes:

ITGAZB, HPS and PSY12,

In some embodiments, the engineered progenitor, producer or effector-chassis has g disruption

or deletion in at least each of the following genes:

ITGAZB, HPS1 and PARL.
In a preferred embodiment, the engineered progenitor, producer or effector-chassis has a
disruption or deletion in each of the following genes:

GPVI, ITGAZB, Parl, Pard, P2Y12, Coxl and HPS.
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For example the engineered progenitor, producer or effector-chassis may comprise a knockout
of each of GPVI, ITGAZB, Parl, Par4, P2Y12, Coxl and HPS.

The effects of knock-out of a gene in a megakaryocyte on the resulting engineered platelet may
be varied. For example, RAB27a (RAS oncogene) and HPS (haptoglobin} genes function in dense
granule loading and formation, respectively. Knock-out or deletion of Rab27a may result in
engineared platelets with no dense granule mediators but with otherwise normal platelet biology.
Knock-out or deletion of HPS genes may result in engineered platelets containing no dense
granules. Knock-out or deletion of AIIbB3 or GP1b-IX-V may result in failure of the platelets to
aggregate with each other by decreasing interaction between the platelet and von Willebrand
factors (VWF) after activation. Further, AIIbE3 is also involved in inside-out signaling to increase
the affinity of the integrin for fibrinogen {See, Durrant, Blood. 2017 Oct 5; 130(14): 1607-1619).
Knock-out or deletion of IP (PGIZR or prostagiandin 12 receptor) may result in negative reguiation
of prostaglandin. Knock-out or deletion of TP (TxAZR or Thromboxane AZ Receptor) may resuit
in reduction of recruitment of additional platelets on activation to stimulate clotting.

GPVI (ITAM receptor) has been observed to still be stimulated in G-protein alpha-g {Galphaqg}
knockout mice. Conversely, ITAM agonists, such as collagen, induce reiease of G-protein-coupled
receptors {GPCR agonists), such as ADP and thromboxane A2 receptor (TXAZ), thus indirectly
activating phospholipase C {PLC) through the Gqg pathway. Further, Galphag is active for proper
function for thrombin, ADP, 5-hydroxytryptamine (5HT), PAF, and thromboxane A (TXA).

Knock-out or deletion of P-selectin, thromboxane synthase, and platelet activating factor (PAF)
results in failure of platelet aggregation once activated. Knock-out or deletion of LIM Domain
Kinase 1 (LIMK1) reduces TxA2 synthesis. CXCL4 {C-X-C motif chemokine ligand 4} and CXCL7
{C-X-C motif chemokine ligand 7} are chemokines; therefore, knock-out or deletion of the gene
would interfere in at least one signaling pathway. Talinl and kindlins function in signal

transduction to allow integrins to enter a sensitive state.

Knock-out or deletion of ANOG/TMEMIGF disrupts the platelets ability to expose
phosphatidyiserine on platelet activation. Phosphatidlyserine is a membrane lipid which is usually
kept on the cytoplasmic face of the platelet. On platelet activation, calcium influx triggers
phosphatidylserine exposure on the outside of the platelet via ANOS/TMEM16F, where it acts to
catalyse the production of active thrombin in combination with clotting factors. Thus, knockout
of TMEMI&F prevents phosphatidylserine exposure and thus would decrease platelet
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thrombogenicity. This is exemplified by Scott’s syndrome patients, who feature ANOG6 mutations
and clinically have increased risk of bleeding.

It is clear to the skilled person that in addition to, or instead of disrupting the thrombogenic
pathway, it is considered advantageous to also modulate the immunogenic and/or inflammatory
properties of the engineerad progenitor, producer or effector-chassis, for example the engineered
iPSC progenitor, megakaryocyte or platelet.

In sormme embodiments, the engineered progenitor, producer or effector-chassis of the invention,
for example the engineered myeloid stem cell, a megakaryoblast, a megakaryocyte, a
megakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment is,
or produces platelets that are, less immunogenic than platelets produced from a “natural”
engineered myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryvocyte-tike cell,
an iPSC, a platelet, or a platslet-iike mambrane-bound cell fragment - i.e. are less immunogenic
than platelets or platelet-like membrane-bound cell fragments produced from a progenitor,
producer or affector-chassis for example from a myeloid stem cell, 2 megakaryoblast, a
megakaryocyte, a megakarvocyte-like cell, or an iPSC that has not been intentionally engineered
to have reduced immunogenicity - for example the engineered progenitor, producer or effector-
chassis of this embodiment is less immunogenic than the corresponding iPSC, megakaryocyte or
platelet that is found in vivo, (e.q., platelets from a human donor). By an engineered progenitor,
producer or effector-chassis that is less immunogenic than a non-engineered progenitor,
producer or effector-chassis we include the meaning that the progenitor, producer or effector-
chassis is a hypoimmunogenic producer or effector-chassis.

The engineered progenitor, producer or effector-chassis of the invention, for example the
engineered iPSC, engineered megakaryocyte or engineered platelet may be made universal
through deletion of the B2 microgiobulin gene (See, Feng et al. "Scalable Generation of Universal
Platelets from Human Induced Pluripotent Stem Cells”. Stem Cell Reports, 2014, which is hereby
incorporatad by reference in its entirety). Even without this deletion, platelets with ABO matching
are generally used in clinical practice without adverse effects. O-type platelets from humans are
not universal donors as they are contaminated with anti-A/B antibodies, but contamination would
not be an issue with in vitro platelets. Therefore, in certain embodimeants, the inventions
described herein may use these technologies to mass produce gene-edited platelets, which are
aiso easily stored, transported, and do not require patient maiching.
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Additional strategies that are considered to be suitable for the generation of a hypo-immune
progenitor, producer or effector-chassis, 1.e. a progenitor, producer or effector-chassis such as
an engineerad myeloid stem cell, @ megakaryoblast, a megakaryocyte, a megakaryocyte-iike cell,
an iPSC, a platelet, or a platelet-like membrane-bound cell fragment with reduced
immunogenicity. See for example Sugimoto, N & Eto, K. Cellular and Molecular Life Sciences
{2021} doi.org/16.10607/s00018-020-03749-8).

In some embodimants there are 3 strategies that can be used to make a progenitor, producer or
effector-chassis for example an engineered myeloid stem cell, a megakaryoblast, a
megakaryocyte, a megakaryocyte-like cell, an IPSC, a platelet, or a platelet-like membrane-
bound cell fragment that is less immunogenic than a non-engineered engineered myeloid stem
cell, a magakaryoblast, a megakaryocyte, a megakaryocyte-like celi, an iPSC, a platelet, or a
platelet-like membrane-bound cell fragment:

1. Generation of a universal progenitor, producer or effector-chassis by disruption of HLA-
class Ia expression on cell surface

2. Generation of a universal progenitor, producer or effector-chassis overexpression of HLA
class Ib genes

3. Generation of universal progenitor, producer or effector-chassis by overexpression of

immune-modulatory genes.

It is clear to the skilled person that these strategies can be combined for potentiation of hypo-
immune effects. Each strategy is discussed and exemplified below.

Strateqgy #1: qeneration of a_universal engineered progenitor, producer or effector-chassis by

disruption of HLA-class Ia expression on cell surface

1.1 Disruption of expression Bete 2 microglobulin (b2M}

Several investigators have designead hPSCs in which B2M is knocked out. This is because the B2M
protein forms a heterodimer with HLA class I proteins and is required for HLA class I expreassion
on the cell surface. Knocking out the B2M gene can restrict an immune response from cytotoxic
CD8+ T cells by depleting all HLA class [ molecules (HLA-A, -B, -C, -E, -F and -G). Disruption of
the B2M gene can be achieved using CRISPR, TALEN or RNA interference or other methods of
engineering described herein. This has been demonstrated in CD34+ HSC progenitor cells and in
hiPSCs {Borger AK, Eicke D, Wolf C, et al. Generation of HLA-universal iP- SC-derived
megakaryocytes and platelets for survival under refractoriness conditions. Mol Med.

- B4 -



WO 2022/263824 PCT/GB2022/051512

2016;22:2742-2785; Norbnop P, Ingrungruanglert P, Israsena N, Suphapestiporn K, Shotslersuk
V. Generation and characterization of HLA-universal platelets derived from induced pluripotent
stem calls. 5¢i Rep. 2020;10(1):8472; Figueiredo C, Goudeava L, Horn PA, Eiz-Vesper B, Blasczyk
R, Seltsam A. Generation of HLA-deficient platelets from hematopoietic progenitor cells.
Transfusion. 2010;50(8):1690-1701; Gras C, Schulze K, Goudeva L, Guzman CA, Blasczyk R,
Figueiredo C. HLA-universal platelet transfusions prevent platelel refractoriness in a mouse
model. Hum Gene Ther. 2013;24(12):1018-1028.}.

Norbnop et al generated HECs, MKs and platelets differentiated from B2M-knockout hiPSCs using
CRISPR gene editing. HLA-universal hiPSC-derived platelets were found to be functional:
activated by enhanced CD62P (activated platelet) expression and enhanced aggregation by
stimulation with thrombin and arachidonic acid {classic platelet agonists). Interestingly, Suzuki
et al {(Suzuki D, Flahou C, Yoshikawa N, Stirbiyte I, Hayashi Y, Sawaguchi A, Akasaka M,
Nakamura S, Higashi N, Xu H, Matsumoto T, Fujio K, Manz MG, Hotta A, Takifzawa H, Eto K,
Sugimoto N (2020) iPSC-derived platelets depleted of HLA class I are inert to anti-HLA class I
and natural killer cell immunity. Stem Cell Rep 14(1):49-59) found that BZM-KO iPSC- PLTs,
which are completely devoid of HLA-I expression, do not elicit an NK cell response in vitro. While
this observation removes the concern of NK cells rejecting HLA-KO platelets (ses Strategies #2

and #3}, the reason for the low immunogenicity of platelets remains unknown.

In some embodiments, expression of BZM is knocked-out using any one or more of the following

gRNAs {see Example 5):

B2M_1: AAGUCAACUUCAAUGUCGGA [SEQ D NO: 112]
B2M_2: AGUCACAUGGUUCACACGGC [SEQ ID NO: 113]
B2M_3: ACUUGUCHUUUCAGCAAGGAC [SEQ ID NO: 114]
B2M_4: UCACGUCAUCCAGCAGAGAA [SEQ ID NG: 115]

Preferably any of:

B2M_2: AGUCACAUGGUUCACACGGC [SEQ ID NO: 113]
B2M_4: UCACGUCAUCCAGCAGAGAA [SEQ ID NO: 115]

Preferably:
B2M 4 UCACGUCAUCCAGCAGAGAA [SEQID NG: 115]
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Even significant but not total abolition of B2M expression can provide the desired hypo-immune
phenotype. Using a lentiviral delivered B2M short hairpin RNA (ShRNA), Karabekian et al
{Karabekian Z, Ding H, Stybayeva G, et al. HLA class I depleted hESC as a source of
hypoimmunogenic celis for tissue engineering applications. Tissue Eng Pt A, 2015;21(19-
20):2559-2571) reported that the mRNA levels of B2M were decreased by 90%. The continuous
suppression of B2M expression by shRNA was effective in suppressing not only immune reactions
by T-cell activation but also NK cell responses. The latter effect might be due to the fact that
shRNA expression in the cells did not lead to a complete elimination of B2M expression in hESCs

and this conferred the advantage of escaping NK cell-mediating cell Killing.

Accordingly, in some embodiments the engineered progenitor, producer or effector-chassis of the
invention has been engineered to have reduced immunogenicity with respect to a non-engineered
progenitor, producer or effector-chassis. In some embodiments the engineerad progenitor,
producer or effector-chassis that has been engineered to have reduced immunogenicity with
respect 10 a non-engineered chassis has been engineered so as to disrupt the function of
endogenous MHC Class 1 has been disrupted; and/or disrupt expression from the B2
microglobulin gene has been disrupted. In some embodiments the B2 microgiobulin gene has
been knocked out. In some embodiments the B2 microglobulin gene has been knocked out
through the use of CRISPR gene editing, or shRNA, gptionally lentiviral delivery of shRNA,

1.2 Disrupting expression from HLA genes

In addition to, or instead of to B2M disruption, is the knocking out of HLA-A, B and C mwelecules:
Deuse et al (Deuse T, Seifert M, Tyan D, et al. Immunobiology of naive and genetically modified
HLA-class~-I-knockdown human embryonic stem celis. J Ceff Sci, 2011;124(Pt 17}:3029-3037)
prepared hESCs in which HLA class T molecules were knocked down using intrabody technology
to generate hypoimmunogenic hESCs. The engineered hESCs induced an extensively reduced
immune response from T cells, NK cells and macrophages thus extended the survival of the
engineered hESCs.

Xu et al (Xu H, Wang B, Ono M, et al. Targeted disruption of HLA genes via CRISPR-Cas®
generates iPSCs with enhanced immune compatibility. Cefl Stem Celf. 2019;24(4):566-578 } also
prepared hiPSCs in which HLA-A and HLA-B were knocked out, but only a singie allele of HLA-C
was knocked out by CRISPR. The hiPSCs-C cells with HLA-C expression but no HLA-A and -B
expression suppressed NK cell activity.11 They also evaluated the graft survival of hiPSCs-C in
vivo using humanized mice. The number of B2M-knockout hiPSCs quickly decreased after NK celis

transplantation, whereas hiPSCs-C cells survived extensively in vivo.
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Accordingly in some embodiments the engineered progenitor, producer or effector-chassis
according to any of the preceding claims wherein the progenitor, producer or effector-chassis has
been engineered to have disrupted expression from one or more HLA genes. In some
embodiments the engineered progenitor, producer or effector-chassis has been engineered o
have disrupted expression from any one or more of HLA-A, HLA-B and/or HLA-C. In some
embodiments expression from both alleles of HLA-A, HLA-B and HLA-C has been disrupted. In
some embodiments expraession of HLA-A and HLA-B has been entirely disrupted but wherein
expression of HLA-C has been partially disrupted. In some embodiments expression from both
alleles of HLA-A and HLA-B have been disrupted but wherein expression from only one allele of
HLA-C has been disrupted.

Strateqy #2: Generation of progenitor, producer or effector-chassis with reduced immunogsnicity

by overexpression of the HLA class Ib genes,

It is generally anticipated that knocking out B2M in hPSCs makes them become sensitive to
natural killer (NK) cell-mediated killing bescause they lack the missing-salf response. HLA-I
molecules are inhibitory ligands of killer immunogiobulin-like receptors (KIRs) and CD94/NKG2
on NK celis,

In a number of physiological and pathological states, immunomodulatory molecules occur
naturally. Such molecules include HLA-G, HLA-E, CD47 and PD-L1. Over the last few years, these
four molecules have emerged as the top contenders in the engineering of universal cells. They
fall into 2 groups: 'nonclassical HLA class Ib (HLA-G and E) and ‘immune checkpoint’ strategies
{PDL-1 and CD47).

Accordingly in some embodiments the engineered progenitor, producer or effector-chassis has
been engineered to overexprass anyong or more of HLA-G, HLA-E, CD47 and PD-L1. In some
embodiments the engineered progenitor, producer or effector-chassis has been engineered so as
to have inhibited exprassion from the Beta 2 microglobulin and has also beesn engineered to
overaxpress any one or more of HLA-G, HLA-E, CD47 and PD-L1,

2.1, Overexpression of HLA-G
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HLA-G is unique among immunomoduiatory molecules in that it has a potent immunosuppressive
action on virtually all arms of the innate and adaptive immune systems, through inhibitory
recaptors such as ILT2, ILT4 and KIR2DL4, one or more of which is exprassed on cytotoxic CD8+
T cells, CD4+ T helper cells, Treg cells, B cells, NK cells, macrophages, dendritic cells and
menocytes. HLA class Ia-negative, BHLA-G-positive iPSC-derived NK celis have reduced
immunogenicity, leading to incraeased survival in vitro (Bjordahl R, Clarke R, Gaidarova S et al.
Multi-functional genetic engineering of pluripotent cell lines for universal off-the-shelf natural
killer cell cancer immunotherapy. Bfcod 130{Suppl. 1}, 3187 {2017).

However, perhaps most importantly, it appears HLA-G is capable of promoting iolerance to
allogeneic cells, in which HLA class Ia (HLA-A, B and C) has been left intact, such as in the
following three reports (Zhao L, Teklemariam T, Hantash BM. Heterologous expression of mutated
HLA-G decreases immunogenicity of human embryonic stem cells and their epidermal derivatives.
Stemn Cell Res. 13(2), 342-354 (2014); Teklemariam T, Zhao L, Hantash BM. Heterologous
exprassion of mutated HLA-G1 reduces alloreactivity of human dermal fibroblasts. Regen. Med.
8(8), 775-784 (2014); Zhao HX, Jiang F, Zhu YJ ef al. Enhanced immunclogical tolerance by
HLA-G1 from neural progenitor cells {NPCs) derived from human embryonic stem cells (hESCs).
Cell. Physiol. Biochem. 44{4), 1435-1444 (2017)). Hence, to date, HLA-G1 is the only
immunomodulatory molecule that has been shown o single-handedly induce tolerance to
allogeneic cells in which genetic engineering of HLA class Ia molecuies has not taken place.

2.2. Overexpression of HLA-E

HLA-E, like HLA-G, is a nonclassical HLA class Ib molecule; it is minimally polymorphic. At a
simplistic level, HLA-E fhas a dual role, being an immune inhibitor via receptor CD94/NKG2A
on NK and CB8+ T cells, or an immune activator via receptor CDS4/NKG2C on NK and CD&+ T

celis and via T-cell receptors on T cells.

Gornalusse et al (Gornalusse GG, Hirata RK, Funk SE, et al. HLA-E-expressing pluripotent stem
celis escape allogeneic responses and lysis by NK cells. Nat Biotechnol, 2017;35(8):765-772)
also reported that a deficiency in the missing-self response could be prevented not only by CD47
overexprassion {see below) but also by the forced expression of HLA-E, HLA-E was knocked in
into hESCs at the B2M locus, where the HLA-edited hESCs showed no surface expression of HLA-
A, -B or -C. The HLA-edited hESCs and their differentiated cells (RPE cells and HSCs) did not
show an aliogeneic response by CD8+ T cells and resisted iysis by NK cells. This study
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demonstrated that HLA-E expression in hESCs and their differentiated cells that do not express
polymorphic HLA class I molecules except for that HLA-E can prevent the inhibition of the missing-
self response by NK calis.

Strateqy #3: Generation of progenitor, producer or effector-chassis with reduced immunogenicity

by overexpression of immune-moduiatory genes.

3.1. Qverexpression of CD47

CD47 plays a key role in self-recognition by acting as a ‘don’t eat me’ signal to macrophages to
protect cells from phagocytosis. This is achieved through interaction of CD47 with SIRPg/CD172a,
an inhibitory receptor, found on macrophages. CD47 is axtensively upregulated in solid and
hematological malignancies for immune escape. Also, the interface between foetal-maternal
biood and fostal tissues, which are composed of cytotrophoblast calls, expresses a low level of
HLA class I and II molecules and a high level of CD47. Therefore, Deuse et al (Deuse T, Hu X,
Gravina A, et al. Hypoimmunogenic derivatives of induced pluripotent stem cells evade immune
rejection in fully immunocompetent allogeneic racipients. Nat Bictechno/. 2019;37(3):252-258 )
designed hiPSCs (BCC-hiPSCs) in which B2M and CIITA were both knocked out using CRISPR,
and subsequently, the CD47 gene was knocked in into hiPECs. Cardiomyocytes and endothelial
celis derived from BCC-hiPSCs escaped the immune response in allogeneic recipients. In
particular, the overexpression of CD47 on BCC-hiPSCs inhibited NK cell activity and killing

potential in vitro and in vivo.

3.2, Overexpression of PD-L

PD-L1, also known as CD274 or B7-H1, delivers a ‘don’t find me’ signal to T cells, whereby it
binds to the PD-1 receptor located on T cells to inhibit them. PD-L1 has high binding affinity to
programmed cell death 1 (PD-1), which is displaved on T-cell surfaces where the interaction
between PD-L1 and PD-1 leads to the inhibition of T-cell activities. Rong et al {(Rong Z, Wang M,
Hu Z, et al. An effective approach to prevent immune rejection of human ESC-derived allografts.
Cell Stern Cefl. 2014;14(1):121-130 ) generated gens-editad hESCs (PC-hESCs) that
constructively express PD-L1 and cytotoxic T lymphocyte antigen 4 (CTLA4)-immunoglobulin (Ig).
CTLA4 has high binding affinity to CD86 and CD8O, which are the primary signaling pathways
involved in the activation of T cells. Then, a fusion protein of CTLA4 and Ig was designed to inhibit
the T cell-mediated immune response. The differentiated cells from PC-hESCs did not generate
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an immune response when transplanted into humanized mice, whereas the genetically non-edited

original hESCs were extensively rejected in humanized mice.

It is apparent to the skilled person that various combinations of disruptions and overexpressions
of the genes described herein can be made. For example Han et al {Han X, Wang M, Duan &, et
al. Generation of hypoimmunogenic human pluripotent stem celis. Proc Nat! Acad Sci USA.
2019;116(21):10441-10446 ) generated hypeoimmunogenic hESCs using CRISPR/Cas® gene
editing in which HLA-A, -B and -C were knocked out. Subsequently, PD-L1, HLA-G and CD47 were
knocked in info the safe harbour locus of AAVSI in these HLA-deficient KO cells.

Accordingly, in some embodiments the invention provides an engineered progenitor, producer
or effector-chassis wherein the progenitor, producer or effector-chassis has been engineered to
have reduced immunogenicity with respect to a non-engineered chassis and wherein the
progenitor, producer or effector-chassis has been engineered to:

a) have disrupted function of MHC Class 1 geneas or proteins;

b) have disrupted expression from the B2 microglobulin gene, optionally to knock out the B2
microglobulin gene;

¢} have disrupted expression from one or more HLA genes;

d} have disrupted expression from any one or more of HLA-A, HLA-B and/or HLA-C, optionally
wherein expression of HLA-A and HLA-B has been entirely disrupted but wherein expression of
HLA-C has been partially disruptad, oplionally wherein exprassion from both alleles of HLA-A and
HLA-B have been disrupted but wherein expression from only one allele of HLA-C has been
disrupted;

e) overexpress any one or more of the HLA class Ib genes, optionally any one or more of HLA-
G, HLA-E, CD47 and PD-L1;

£} engineered to overexpress any one or more of HLA-G, HLA-E, CD47 and PD-L1, and has
optionally been engineered to have disrupted exprassion from the beta 2 microglobulin gene;
and/or

g) overexpress one or more immunomodulatory genes, optionally wherein the one or more

immunomodulatory genes is selected from the group comprising CD47 and PD-L1.

In addition to any of the above gene modulations and/or overexpressions, the engineered
progenitor, producer or effector-chassis described herein can be further engineered into a more
advantageous progenitor, producer or effector-chassis, for example a 2nd gen progenitor,
producer or effector-chassis. These further engineering steps are aimed at eliminating one or
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more genes of which the product(s) could negatively affect the potency of a cargo that is in some
embodiments contained within the progenitor, producer or effector-chassis, for example
contained with the engineered platelet or enginesred platelet-like membrane-bound cell
fragment. Native properties of the progenitor, producer or effector-chassis can be tuned up or
down with regards the innate/adaptive response. Described below are two exemplary genes that
can be engineered, but the concept can be applied for other genes (listed in the appendixes).
This approach could be extended to modify the baseline property of platelets in angiogenesis
desirable.

There has been a gradual realization that - beyond their well-characterised role as primary
celiular mediators of haemostasis - platelets have important roles in modulating innate and
adaptive immune responses. For example, platelets have been shown to have roles in the
initiation of inflammation, angiogenesis, atherosclerosis, lymphatic development and tumour

growth,

Proteomic analysis has demonstrated that platelets have the ability to secrete more than 300
different proteins following activation with thrombin, some of which (such as IL-1, TLRs and
CD154 {(aka CD40L)) are clearly involved in processes other than blood clotting.

Whether they are resting or activated, platelets present on their surfaces {or on the surface of
expsomes and micro-vesicles) a range of adhesive proteins which facilitate both homo- typic
interactions between platelets and helerotypic interactions between platelets and different
immune cell populations. Upon activation, they also release the content of their granules which

contain various pro-inflammatory and anti-inflammatory cytokines and chemokines.

Numerous reports have studied the interaction of resting and activated platelets in contact with
cells from the innate and adaptive systems as well as with pathogens or cell infected by
pathogens. The picture emerging is that platelets combine pro-inflammatory and
immunosupprassive properties which are entirely dependent on context {micro-environment, cell

status, tissue integrity, etc).

It is considered that the progenitor, producer or effector-chassis dascribed herein, for example
the engineered progenitor, producer or effector-chassis, for example the engineered progenitor,
producer or effector-chassis that has reduced thrombogenic potential, for exampie the
engineered platelets or platelet-like membrane-bound cell fragments that have reduced
thrombogenic potential have broadly similar properties to human platelets in modulating innate
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and adaptive responses, since the gene disruptions of the progenitor, producer or effector-chassis
are exclusively targeted to remove the thrombogenic program.

As described herein, in some embodiments the progenitor, producer or effector-chassis comprises
a cargo that is to be released on degranulation, and in preferred embodiments the progenitor,
producer or effector-chassis also comprises one or more CPR, universal CPR, complex of universal
CPR and tagged targeting peptide, SAPR or ePAR of the invention so as to result in localised
triggering of degranulation and release of the cargo at the site of the target. It is expected that
upon degranulation, the standard contents of the granules are also released alongside the cargo.

While this may bear no negative effect on the biological and thus therapeutic potential of an
engineared platelets given the vast amount of circulating wild-type platelets, it is conceivable
that — in some therapeutic settings - some adhesive proteins and/or cargo entities naturally
produced by engineered platelets may indirectly counter the localised biological action of the

engineered platelet, thereby reducing the therapeutic efficacy.

To address this, it is considered to be advantageous to disrupt one or more genes encoding
adhesive proteins and/or cargo entities which are likely to indirectly counter the biological action
of the engineered cargo, potentially leading to a greater net therapeutic effect.

The concept cutlined here has been applied with other cell therapies, such as CAR T cells: see for
example McGowan et al 2020 Biomedicine and Pharmacotherapy PD-1 disrupted CAR-T cells in
the treatment of solid fumors: Promises and challenges
hitps://dolorg/18. 1038/ . biopha J019.180625)

Accordingly, in one embodiment the engineered progenitor, producer or effector-chassis, for
example engineared myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-
fike cell, an IPSC, a platelet, or a platelet-like membrane-bound cell fragment has been
enginaarad so as to disrupt or knockout the expression of one or more genes ancoding adhesive
proteins and/or cargo entities which are likely to indirectly counter the biclogical action of the

engineered cargo, potentially leading to a greater net therapeutic effect.

Downmodulation of CD40L
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Upon activation platelats release CD40L (aka CD154). Although CD40L was first described on T-
cells and is a critical co-stimulatery signal development and function of the immune system, the
sheer number of blood platelets makes them the predominant source of CD40L in the circulation.

CD40L binds to CD40 which is a receptor predominantly found on antigen-presenting calis (B-
cells, macrophages, dendritic cells, monocytes). CD40 is also present on non-immune cells such
as epithelial and endothelial cells, fibroblasts, myofibroblasts, stellate cells, and resting platelets.
The CD40/CD40L system allows interactions between immune cells, and between immune and

non-immune cells.

CD40 can engage with CD40L that is presented as cell surface receptor (as on T helper cells and
activated platelets), on the surface of platelet micro-vesicles (PMV) that are released into the

circulation for dissemination and distal control of immunity, or as soluble trimeric sCD40L.

Engagement of CD40L with CD44 results in activation of the immune response program of CD40+
cells, For exampleg, (1) endothelial cells (EC) secrete chemokines (IL-8, TNF aipha and MCP-1}
and exprass adhesion molecules (E-selectin, VCAM and ICAM-1}; (2} DC produce -6 and 1L-12
as well as increase their expression of CDB0 and CDEG; {3) B cells undergo isotype switching,
maturation to a memaory phenotype, and proliferation.

CB40 is an important activation recepior for inflammation response, humoral and cellular
immunity. Since CD40 is present on a wide range of cell types and since activated platelets are
the main contributors of CD40L (membrane bound and soluble) alongside T helper calls, it can
be deduced that in therapeutic indications where immune system activation is sought to promote
a therapeutic response, it is beneficial to maintain CD40L level in platelets.

However, in other therapeutic settings, the presence of CD40L in engineerad platelets may
counteract/overwhelm the therapeutic potency of orthogonal endogenous/exogenous cargos if
these are selected to block immune, inflammatory and/or proliferation events. Such therapeautic
settings are for example: some forms of blood-borne cancers or autoimmune diseaseas {e.g. RA,
Chron's, Sjogren’s syndrome)} which are driven or supported by antigen-presenting CD40+ cells.
For example CD40+ mononuciear cells (SFMC) are abundant in the synovial fluid of biopsies from
patients with rheumatoid arthritis (RA). TNF-alpha secretion from RA SFMC is enhanced by CD40
stimulation, whereas spontaneous secretion of TNF-alpha from RA SFMC is inhibited by anti-CD40
antibody. Thus, an engineered platelet directed at delivering pavioad to SFMC to treat RA may
show greater disease modifying effect if the platelet was devoid of CD40L. (Expression and
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function of CD40 in rheumatoid arthritis synovium J Rheumatol. 1998 Jun;25(6):1048-53.}) In
another example, CD40 is expressed on the surface of many B-cell malignancies (i.e., chronic
iymphocytic lsukemia (CLL) and multiple myeloma (MM}, non-Hodgkin lymphoma, Hodgkin
disease, and acute lvmphoblastic leukemia) and certain sglid malignancies {e.g., renal cell
carcinoma, breast carcinoma, melancma, pancreatic carcinoma). CD40L engagament by follicular
T heiper cells induces strong pro-survival signaling in these malignant cells. It also inducas
resistance o apoptosis-inducing small molecule agents such as fludarabine and the Bc¢l-2
antagonist venetoclax. Approaches at blocking CD40 with a non-agonistic antibody have
progressed in the clinic {(Leuk Lymphoma. 2012 November; 53(11) Phase I study of the anti-
CD40 humanized monocional antibody lucatumumab (HCD122) in relapsed chronic lymphocytic
leukemia.}. Thus, it is expected that an engineered platelet directed at delivering pavioad to
malignant B-cells may show greaater disease modifying affect if the platelet was devoid of CD40L.

In conclusion, a progenitor, producer or effector-chassis of the invention that is devoid of CD40L
would open the possibility of greater therapeutic efficacy of engineered platelets in settings where
focal release of CD40L would counteract orthogonal therapeutic effects aimed at blocking
inflarmmmation,

immune rasponse or cell proliferation.

Accordingly, in some embodiments the invention provides engineered progenitor, producer or
effector-chassis, for example engineered myeloid stem cell, a megakaryoblast, 2 megakaryocyte,
a megakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment
that has been engineered so as to disrupt or knockout the expression the CD40L gene.

By extension, other immune activators/effectors presented at the surface of activated platelets
or released from activated platelets {either as soluble proteins, receptors anchored on exosomes
or PMVs) could be targeted to gene disruption/silencing. The efficiency and multiplex capacity of
genome engineering would allow to target multiple immune activaters in one progenitor, producer
or effector-chassis. A non-exclusive list of anti-inflammatery immune effeciors that it is
considered to be beneficial, in some embodiments, to disrupt or inhibit the expression of are:
CD36, NOD2, 5RB1, TLRL, TLRZ, TLR3, TLR4, TLR6E, TLRY, CD40L, CD93 (CligRp), C3aR, CDH8E
(C5aR), CD8Y {FcaR1), CD23 {FceR1), CD32 {FoyRlIla), MHC classl, CD191 (CCR1}, CD1%3
(CCR3), CD194 (CCR4), CD184 (CXCR4), CX3CR1, CD102 {(ICAM-2), JAM-C/IAM-3, CD62P {P-
selectin}, CD31 (PECAM-1), CD150 (SLAMFL), CCLZ, CCL3, CCLS, CXCLL, OXCL12, CXCL4/PF4,
CXCLS, CXCLB, NAP2 {CXCL7}, IL-1B. See Figure 12,
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Accordingly, in some embodiments the invention providas an engineered progenitor, producer or
effector-chassis, for example engineered myeloid stem cell, a megakaryoblast, a megakaryocyte,
a megakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment
that has been engineered 5¢ as to disrupt or knockout the expression of any one or more of the
foliowing genes: CD36, NOD2, SRBL, TLR1, TLRZ, TLR3, TLR4, TLR6, TLRS, CD40L, CDS3
{C1lgRp), C3aR, CD8E {(C5aR}, CDBY (FraRl), CB23 (FceR1}, CD32 (FoyRIla), MHC classl, CD191
(CCR1), CD183 (CCR3), CD194 (CCR4y, CD184 (CXCR4), CX3CR1, CD102 (ICAM-2), IAM-C/IAM-
3, CDo2P (P-selectin}, CD31 (PECAM-1), CD150 (SLAMFL), CCL2, CCL3, CCL5, CXCLL, CXCLiz,
CXCL4A/PF4, CXCLS, CXCLE, NAPZ (CXCL7), IL-1p.

Down-modulation of the GARP-TGFB axis

Transforming growth factor-f (TGF-B) is a pleiotropic cytokine expressed by the majority of cells
and found in all tissues. It plays important roles in numerous aspects of biclogical processes such
as cell proliferation, development, apoptosis, fibrosis, angiogenesis, wound healing, and cancer.

In acguired immunity, TGF-B1 is required to convert conventional CD4* T (Tconv) cells into
induced regulatory T (iTreg) cells that express the transcription factor Foxp3, and to promote
Treg proliferation. With regard to innate immunity and cancer, TGF-B inhibits dendritic cell (DC)
maturation as well as natural killer (NK} cells through the downregulation of NKG2D ligand. The
role of TGF-B is also well studied in the non-resolving inflammation that facilitates cancer
initiation. Tumour-derived TGF-§ polarizes macrophages into tumour-associated macrophages
{TAM). TGF-f derived from TAMs is one of the major drivers of the epithelial to mesenchymal
transition (EMT); which leads to metastasis. Furthermore, TGF-§ impairs the adaptive anti-tumour
immunity by directly inhibiting the clonal expansion and cytotoxicity of the CD8+ cytotoxic T cells
{CTLs). Finally, TGF-B indirectly attenuates CTLs by inducing the expression of Foxp3, which

confers a regulatory and immune suppressive phenotype to CD44 T celis.

Platelets are the dominant source of functional TGFB systemically as well as in the tumour
rhicroenvironment through constitutive expression of TGFB-docking GARP rather than secretion
of TGFB per se. GARFP {glycoprotein-A repetitions predominant protein) has been identified as a
latent TGF-P1 receptor expressed on immune cells, specifically on activated Tregs and
constitutively on platelets. Platelet~-intrinsic GARP plays the most dominant role in capturing and
activating TGFE and thus contributes significantly to Treg cell homeostasis.
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In line with this, several reports have shown that patients with immune thrombocytopenia have
deficiencies in CD4+CD25+FOXP3+ regulatory T {(TReg) cells. Therapies that increase platelet
counts (such as intravenous immunoglobulins, dexamethasone, rituximab or TPO) have been
shown to restore Treg cell numbers and functions in ITP patients.

TGFP signaling has key roles in cancer progression: most carcinoma cells have inactivated their
epithelial antiproliferative response and benefit from increased TGFP expression and autocrine
TGFB signaling through effects on gene expression, release of immunosuppressive cytokines and
epithelial plasticity. As a result, TGF$ enables cancer cell invasion and dissemination, stem celi
properties and therapeutic resistance. TGFR released by cancer cells, stromal fibroblasts and
other cells in the tumour microenvironment further promotes cancer progression by shaping the
architecture of the tumour and by suppressing the antitumour activities of immune cells, thus
generating an immunosuppressive environment that prevents or attenuates the efficacy of

anticancer immunotherapies.

Thus, the GARP-TGFR axis is a key immunosuppressive molecular hallmark in the cancer
microenvironment (J Hematol Oncol. 2018 Feb 20;11{1) Immunoregulatory functions and the
therapeutic implications of GARP-TGF-B in inflammation and cancer). Platelets are not
bystanders. Indeed, proof that platelets constrain T cell immunity though a GARP-TGFB axis has
been oblained by platelet-specific deletion of GARP-encoding gene Lrc32 which resulted in
blunted TGFB activity at the tumour site and potentiated protective immunity against both
melanoma and colon cancer in animal models (Platelets subvert T cell immunity against cancer
via GARP-TGFbeta axis. Sci Immunol. 2017 May 5;2(11).

The GARP-TGFR axis is also engaged on platelets which ‘cloald metastatic cells: they inhibit
Natural Killer (NK} celis, by inducing the release of soluble NKG2D ligands from the tumour cell
to mask detection (Cimmune decoy’) and by actively suppressing NK cell degranulation and
inflammatory cytokine {IFNy} production, concomitantly.

Thus, a progenitor, producer or effector-chassis of the invention that is devoid of GARP-TGFB axis
{gither by disruption of the GARP or TGFB genas at iPSC level, or by expression of silencing RNAs)
would open the possibility of greater therapeutic efficacy of engineered platelets in many settings
where activation and local concentration of TGFB would counteract orthogonal therapeutic effects
aimed at blocking cancer cell proliferation, and EMT.

In some embodiments, the GARP LRRC32 gene is knockad out using any of the following gRNAs:
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ZRNA99: CCUGAGCUGCAACAGCAUCG [SEQ ID NO: 116]
ZRNA100: GCCACCAGCACUCAGCGCAG [SEQ ID NO: 117]

By extension, other immune modulators presented at the surface of activated platelets or
released from activated platelets (either as soluble proteins, receptors anchored on exosomes or
PMVs) could be targeted to gene disruption/silencing. The efficiency and multiplex capacity of
genome engineering would allow to target multiple immune down-~-modulators in one progenitor,
producer or effector-chassis. A non-exclusive list of anti-inflammatory immune effectors that it is
considered to be beneficial, in some embodiments, to disrupt or inhibit the expression of are:
Siglec-7, Siglec-9, Siglec-11, TGFp. See Figure 14 and 15.

Accordingly, in some embodiments the invention provides an engineered progenitor, producer or
effector-chassis, for example engineerad myeloid stem cell, a megakaryoblast, a megakaryocyte,
a megakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment
that has been engineered so as to disrupt or knockout the expression of any one or more of the
following genes: Siglec-7, Siglec-9, Siglec-11, TGFp.

It is to be noted, and as described herein, that a progenitor, producer or effector-chassis that
comprises any one or more of the gene disruptions or overexpressions may or may not comprise
anvone or more of a CPR, universal CPR, complex of universal CPR and tagged targeting peptide,
SAPR or ePAR of the invention, i.e. the invention provides a progenitor, producer or effector-
chassis as described herein that does not comprise any one or more of CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR or ePAR; and also provides a
progenitor, producer or effector-chassis as describad hersin that does comprise one or more CPR,
universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR of the
invention.

In some embodiments, the progenitor, producer or effector-chassis may be engineered to express
one or more additional ITAM receptors to enhance T cell signaling and stimulate an immune
response. T cell receptors {TCRs) recognize antigens bound in the major histocompatibility
complex (MHC) (See, James et al. Scl. Signal. 11, eaanl088 (2018), which is hereby incorporated
by reference in ifs entirety)}. ITAMs on the TCRs convert the action of binding and recognition inte
an intracelluiar signal (Ibid). Inserting additional ITAMs into chimeric TCRs was observed to scale
linearly with the number of ITAM receptors and decreasing or knocking-out the number of ITAM

receptors was observed to inhibit T cell development by impairing thymocyte lineage commitment
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{Ibid). Accordingly in one embodiment the invention provides a progenitor, producer or affector-
chassis or engineered progenitor, producer or effector-chassis as described herein that has been
enginesred to express one or more additional ITAM receptors to enhance T cell signaling and
stimulate an immune response.

It is clear then from the above that the engineered progenitor, producer or effector-chassis may
comprise any number of different gene disruptions, gene deletions, or gene overexpressions, or

other modifications.

In some embodiments, the engineered progenitor, producer or effector-chassis, for example
engineered myeloid stem cell, a megakaryoblast, a megakaryocyle, a megakaryocyte-like celi,
an iPSC, a piatelet, or a platelet-like membrane-bound celi fragment comprises a disruption of a
least one gene, at least one, two, three, four, five, six, seven, eight, nineg, or at least ten genes,
for example a disruption of a l2ast one gene, at least one, two, three, four, five, six, seven, sight,
nine, or at least ten genes wherein the genes are involved in a the thrombogenic pathway, are

involved in immunogenicity and/or are involved in inflammation,

In some embodiments, the engineered progenitor, producer or effactor-chassis been engineered
to synthesise a protein in response to a particular signal. For example, in Weyrich et al., BCL-3
was specifically upregulated in activated platelets through a mechanistic target of rapamycin
{mTOR)} dependent signaling mechanism (See, Weyrich et al. "Signal-dependent translation of a
regulatory protein, Bcl-3, in activated human platelets”. PNAS, 1998, which is hereby
incorporated by reference in its entirety). Therefore, knock-in of a gene into the BCL-3 locus or
identification of the minimal 5" UTR region that mediates activation dependent transiation would
allow synthetic gene expression regulation in platelets. Therefore, the engineered progenitor,
producer or effector-chassis described herein may in some embodiments have an altered
signaling pathway resulting in signaling induced protein translation. For exampls, the proganitor,
producer or effector-chassis may be engineered to as to expraess a cargoe protein upon platelet
activation; and/or may be enginsered to express a toxic protein upon activation, sither with a
view to destroying the platelet, or with a view 1o delivering a toxic payload to the target

cell/tissus.

In some embodiments, the engineered progenitor, producer or effector-chassis, for example
engineared platelets or engineered platelet-like mambrane-bound ceil fragments can synthesize
protein in response to an activation signal. For example, in Weyrich et al., BCL-3 was specifically
upregulated in activated platelets through a mechanistic target of rapamycin (mTOR) dependent
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signaling mechanism (See, Weyrich et al. "Signal-dependeant transiation of a regulatory protein,
Bci-3, in activated human platelets”. PNAS, 1998, which is hereby incorporated by reference in
its entirety). Therefore, knock-in of a gene into the BCL-3 locus or identification of the minimal
5 UTR region that mediates activation dependent transiation would allow synthetic gene
expression regulation in plateiets. Therefore, platelets described herein may have an altered
signaling pathway resulting in signaling induced protein translation. For example, expressing a
toxic protein once activated or triggering downstream events following target cell recognition.
Accordingly in some embodiments the progenitor, producer or effector-chassis has been
engineered o synthesise a protein or RNA of interest in response to activation of the platelet or
platelet-like membrane-bound cell fragment, optionally wherein the protein or RNA of interest is
expressed from the BCL-3 locus.

A progenitor, producer or effector-chassis as described herein, for example an engineered
progenitor, producer or effector-chassis that lacks thrombogenic potential, and/or has reduced
immunogenicity and/or reduced inflammatory potential that expresses one or more CPRs,
univarsal CPRs, complexas of universal CPRs and tagged targeting peptides, SAPRs or ePARs of
the invention c¢an be considered to be a targeted delivery system. Accordingly the invention
provides a targeted delivery system comprising a progenitor, producer or effector-chassis or
engineered progenitor, producer or effector-chassis as described herein that expresses any one
or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs
or ePARs of the invention.

It is clear to the skilled person that the effector-chassis that actually does the targeted delivery
of the cargo is the platelet or platelet-like membrane-bound cell fragment, or Synlet - however,
the platelat or platelet-like membrane-bound cell fragment, or Synlet is derived from a precursor
progenitor or producer-chassis, for example an IPSC or a megakaryocyte,

In some instances, the progenitor, producer or effector-chassis, for example a progenitor, or
producer or effector-chassis of the targeted delivery system, comprises more than one CPRs,
universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs of
the invention. For example, the progenitor, producer or effector-chassis in some instances
comprises at east 2, 3, 4, 5, 6, 7, &, 9, or at least 10 different CPRs, universai CPRs, complexes
of universal CPRs and tagged targeting peptides, SAPRs or eFARs of the invention.

In some instances this allows the progenitor, producer or effector-chassis to be targeted to at
least two different targets - for example where the progenitor, producer or effector-chassis
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exprasses at least two CPRs, universal CPRs, complexas of universal CPRs and fagged targeting
peptides, SAPRs or ePARs of the invention and wherein the target binding domains of the at least
two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or
ePARs of the invention are directed to different fargets.

In some instances, the platelet modulation domains of the at least two CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs that have different
target binding domains are both platelet activating domains, such that upon binding of one or
both of the CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides,
SAPRs or ePARs to the respective target, the platelet degranulates. This can be considered {o be
an OR system - i.e. the platelet activates upon binding to a first target OR a second target. A
situation in which this may be useful is, for example, where a particular cancer is known fo

express two different cell surface tumour specific antigens.

In some instances, the platelet modulation domains of the at least two CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs that have different
target binding domains have opposing functions, L.e. one platelet modulation domain is a platelet
activation domain, and the second platelet modulation domain is a domain that inhibits activation
of the platelet. In this situation for example the platelet modulation domain of a first CPR,
universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR that has a
first target binding domain may be a platelet activation domain for example may be an ITAM
containing domain, and the platelet modulation domain of a second CPR, universal CPR, complex
of universal CPR and tagged targeting peptide, SAPR or ePAR that has a second target binding
domain may be a domain that inhibits activation of platelet degranulation, for example may be
an ITIM containing domain. Where the progenitor, producer or effector-chassis of this
embodiment only binds to the first target, the ITAM domain results in platelet activation and
degranulation. However, where both the first and second target are present, and the first and
second CPR, universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or
ePAR binds to the first and second target, the ITIM domain of the second CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR or ePAR represses activation of the
platelet that would otharwise be triggered by binding of the first target to the first CPR, universal
CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR. In this way it is
possible to build up complex logic networks such as AND/OR/NOR. 1In the above example,
activation would only occur in the presence of the first target and the absenge of the second
target. When the second target is present and also bound by the second CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR or ePAR, platelet activation through
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the first CPR, universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or
ePAR is inhibited.

These types of logic networks can incorporate any of the CPR, universal CPR, complex of universal
CPR and tagged targeting peptide, SAPR or ePAR described herein, for example including those
based on ITAM domains, those based on ITIM domains, and those based on GPCRs.

In some embodiments, where the progenitor, producer or effector-chassis is an engineered
progenitor, producer or effector-chassis that has been engineered so as to render it non-
thrombogenic, for example an engineered IPSC, engineered megakaryocyte or engineered
platelet that has been engineered so as to be non-thrombogenic, and the progenitor, producer
or effector-chassis expresses one or more CPRs of the invention, the combination of the
engineered progenitor, producer or effector-chassis and one or more CPRs, universal CPRs,
complexes of univarsal CPRs and tagged targeting peptides, SAPRs or ePARs can be considered
to be a non-thrombogenic delivery system. Accordingly, the invention provides a non-
thrombogenic delivery system comprising an engineered progenitor, producer or effector-chassis
according to the invention wherein the engineered progenitor, producer or effector-chassis is
non-thrombogenic and exprasses one or more CPRs, universal CPRs, complexes of universal CPRs
and tagged targeting peptides, SAPRs or ePARs of the invention. Such a system may be refarred
to a Synlet delivery system.

The non-thrombogenic delivery system, or Synlet delivery system, mav be for the delivery of a
therapeutic cargo in which case the system can be considered to be a non-thrombogenic
therapeutic delivery system — or the cargo may be a non-therapeutic cargo, for example may be
a cosmetic-cargo or an imaging agent, in which case the system can be considered to be a non-
thrombogenic non-therapeutic delivery system.

Accordingly, the invention provides a targeted delivery system comprising a progenitor, producer
or effector-chassis ~ preferably an effector chassis - as definad in any of the precading claims
that expresses one or more CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs according to any of the preceding claims, optionaily wherein
the targated delivery system is a therapeutic targeted delivery system or a non-therapeutic
delivery system.

The invention also provides a non-thrombogenic targeted delivery system comprises a progenitor,
producer or effector-chassis — preferably an effector chassis - as definad in any of the preceding
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claims that exprasses one or more CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs according to any of the preceding claims and wherein the
progenitor, producer or effector-chassis has been engineered to disrupt the thrombogenic
pathway targeted delivery system is a non-thrombogenic therapeutic targeted delivery system
or a non-thrombogenic non-therapeutic delivery system.

As mentioned, the progenitor, producer or effector-chassis of the invention or an engineered
progenitor, producer or effector-chassis of the invention may comprise a carge. The progenitor,
producer or effector-chassis of the invention or engineered progenitor, producer or effector-
chassis of the invention that comprises a cargo may comprise one or more CPRs, univarsal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs of the invention, or
may not comprise one or more CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs of the invention.

Reference {0 a cargo herein is intended to refer to any cargo that can be delivered using a platelet
or platelet-like membrans-bound cell fragment, or engineerad platelet or enginesred platelet-like
membrane-bound cell fragment. To be able to be delivered, the cargo can be located in the
cytoplasm, in the granules such as the alpha-granules, or in the plasma membrane or on the

plasma membrane surface,

The cargo may be a therapeutic cargo or may be a non-therapeutic cargo, for example may be

an imaging agent or a cosmetic agent.

It is clear to the skilled person which agents are suitable for use as a cargo. A cargo can be any
entity that can either be endogencusly expressed by the chassis, or which can be exogenously
ioaded in to a chassis, For example in some embodiments the cargo is selected from the group

comprising or consisting of:

a) a protein or paptide - in some embodiments the protein or peptide is:
i} an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a neocantigen;
il} an enzyme, such as a nuclease for example a TALEN;
ili) a cytokine for example IL-10; or
iv) @ CRISPR associated protein, for example Cas9;
v} a bispecific protein, for example a bispecific antibody or a T-cell engager {BITE)

b} a nucleic acid - in some embodiments the nuclei¢ acid is:
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iy an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered reguiarly

interspaced short palindromic repeats (CRISPR) sequence; or
i} a DNA vector;

¢} a toxin;

d) a small molecule drug or imaging agent;

e) a viral vector such as AAV;

1 a virus such as oncolytic virus;

g} agents for performing CRISPR mediated gene editing;

or any combination thereof;

by} radionucleotide drugs;

i) radionucleotide tagged antibodies, or conjugate any thereof.

In some embodiments the cargo is an antibody or antigen binding fragment thereof. As used
heresin, the terms "antibody" or "antibodies” refer to molecules that contain an antigen binding
site, e.g. immunogiobulin molecules and immunologically active fragments of immunogiobulin
molecules that contain an antigen binding site. Immunogiobulin molecules can be of any type
{e.g0. 1gG, IgE, IgM, IgD, IgA and IgY), class (e.g. IgG1, IgG2, 1gG3, 1gG4, IgAl and IgA2) or a
subclass of immunoglobulin molecule. Antibodies inciude, but are not limited to, synthetic
antibodies, monocional antibodies, single domain antibodies, singie chain antibodies,
recombinantly produced antibodies, multi-specific antibodies (including bispecific antibodies),
human antibodies, humanized antibodies, chimeric antibodies, intrabodies, scFvs {e.g. including
mona-specific and bi-specific, efc.), Fab fragments, F{ab') fragments, disulfide-linked Fvs (sdFv),
anti-idiotypic {anti-Id) antibodies, and epitope-binding fragments of any of the above.

As used herein, the term “antibody fragment” is a portion of an antibody such as F(ab'}z, F{ab)z,
Fab', Fab, Fv, scFv and the like. Regardless of structure, an antibody fragment binds with the
same antigen that is recognized by the intact antibody. For example, an anti-OX40 antibody
fragment binds to OX40. The term "antibody fragment” also includes isclated fragments
consisting of the variable regions, such as the "Fv" fragments consisting of the variable regions
of the heavy and light chains and recombinant single chain polypeptide molecules in which light
and haavy variable regions are conneciad by a peptide linker ("scFv proteins"). As used hersin,
the term "antibody fragment" does not include portions of antibodies without antigen binding
activity, such as Fc fragments or single amino acid residues.

By "Fab fragment”, we include Fab fragments (comprising a complete light chain and the variable
region and CHI region of a heavy chain)} which are capable of binding the same antigen that is
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recognized by the intact antibody. Fab fragment is a term known in the art, and Fab fragments

comprise one constant and one variable domain of each of the heavy and the light chain.

In some embodiments, the progenitor, producer or effector-chassis for example an engineered
platelet may be loaded with toxin, which would be cloaked from the immune system. The
progenitor, producer or effector-chassis for example an engineered platelet may also be loaded
with chemokines and/or selectins o mediate transfer of an agent across the blood brain barrier
{BBB). Other embodiments of the progenitor, producer or effector-chassis may have platelet
secretory granules loaded with membrane and/or soluble proteins. In certain embodiments, a
toxin may be encoded with an a-granule localization signal attached to direct its uptake into

secretory granules, which would be released on platelet receptor activation.

Platelet expression of programmed cell death protein (PD-1) and loading of an engineered platelet
with cyclophosphamide has been obsarved to function as a potent anti-melanoma agent (See,
Zhang et al. "Engineering PD-1-Presenting Platelets for Cancer Immunotherapy.” Nang Letters,
2018, which is hersby incorporated by reference in its entirety). Specifically, megakaryocytes
were engineered {0 express PD-1, then the resulting engineered platelets were passively loaded
with cyclophosphamide. Platelet targeting to the melanoma was driven by surgical wounding of
the tumor in vivo (i.e. using the natural thrombogenic propertias of the platelet), not a synthetic
receptor, resulting in Treg depletion in the tumor and increased CD8' T cell mediated killing. Tumor
volume was observed to be significantly less 20 days after the beginning treatment for animals
in the group with both PD-1 and cyclophosphamide compared to animals treated with platelels

either expressing PD-1 or Inaded with cyclophosphamide.

In some embodiments, the cargo of the engineered platelets of the invention may be a messenger
RNA (mRNA). As used herein, the term "messenger RNA” {mRNA) refers to any polynucleotide
which ancodes a polypeptide of interest and which is capable of being translated to produce the
encoded polypeptide of interest in vitro, in vivo, in situ or ex vive. Such mRNA molecules may
have the structural components or features of any of those taught in International Publication
No. WO 2013/151666, which is incorporated herein by reference in its entirety.

In some embodiments, a CRISPR/Cas gene aditing system may be used to alter the genome of
a megakaryocyte to produce the engineered platelets described herein. Alternatively, a
CRISPR/Cas system may be packaged in a vesicle to be released on activation of the platelet by
an antigen recognized by the CPR, CRISPR/Cas systems are bacterial adaptive immune systems

that utilize RNA-guided endonucieases to target specific sequences and degrade target nucleic
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acids. They have been adapted for use in various applications in the field of genome editing
and/or transcription modulation. Any of the enzymes or orthologs known in the art or disclosed
herein may be utilized in the methods hersin for genome editing.

In certain embodiments, the CRISPR/Cas system may be a Type II CRISPR/Cas9 system. Cas9
is an endonuclease that functions together with a trans-activating CRISPR RNA (tracrRNA) and a
CRISPR RNA {crRNA) to cleave double stranded DNAs. The two RNAs can be engineered to form
a single-molecule guide RNA by connecting the 3" end of the ¢rRNA to the 5" end of tracrRNA with
a linker loop. Jinek et al., Science, 337(6096):816-821 (2012), which is hereby incorporated by
reference in its entirety, showed that the CRISPR/Casg system is useful for RNA-programmable
genome editing, and international patent application WQ 2013/176772 provides numerous
examples and applications of the CRISPR/Cas endonuciease system for site-specific gene editing,
which are incorporated herein by reference in their entirety. Exemplary CRISPR/Cas® systems
include those derived from Streptococcus pyogenes, Streptococcus thermophilus, Neisseria
meningitidis, Treponema denticola, Streptococcus aureas, and Franciselia tularensis.

In certain embodiments, the CRISPR/Cas system may be a Type V CRISPR/Cpfl system. Cpfl is
a single RNA-guided endonuclease that, in contrast to Type II systems, lacks tracrRNA, Cpfl
produces staggered DNA double-stranded break with a 4 or 5 nucleotide 5" overhang. Zetsche
et al. Cell. 2015 Oct 22;163(3):759-71, which is hereby incarporated by reference in its entirety,
provides examples of Cpfl endonuciease that can be used in genome editing applications, which
is incorporated herein by reference in ifs entirety. Exemplary CRISPR/Cpfl systems include those

derived from Francisella tularensis, Acidaminococcus sp., and Lachnospiraceae bacterium.

In certain embodiments, nickase variants of the CRISPR/Cas endonucieases that have one or the
other nuclease domain inactivated may be used to increase the specificity of CRISPR-mediated
genomes editing. Nickases have been shown 1o promote HDR versus NHEJ. HDR can be directed
from individual Cas nickases or using pairs of nickases that flank the target area.

In certain embodiments, catalytically inactive CRISPR/Cas systems may be used to bind to target
ragions {&.g., gene encoding an antigen, such as a raceptor) and interfere with their function.
Cas nucieases such as Cas9 and Cpfl encompass two nuclease domains. Mutating critical residues
at the catalytic sites creates variants that only bind to target sites but do not result in cleavage.

In certain embodiments, a CRISPR/Cas system may include additional functional domain(s) fused
to the CRISPR/Cas endonuclease or enzyme. The functional domains may be involved in
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processes including but not limited to transcription activation, transcription repression, DNA
methyiation, histone modification, and/or chromatin remodeling. Such functional domains include
but are not limited to a transcriptional activation domain (2.4., VP64 or KRAB, SID or SID4X), a
transcriptional  repressor, a recombinase, a transposase, a histone remodeler, a8 DNA
methyitransferase, a cryptochrome, a light inducible/controliable domain or a chemically
inducibie/controliable domain.

In certain embodiments, a CRISPR/Cas endonuclease or enzyme may be administered to a cell
or a patient as one or a combination of the following: one or more polypeptides, one or more
mRNAs encoding the polypeptide, or one or more DNAs encading the polypeptide.

In certain embodiments, quide nucleic acids may be usad to direct the activities of an associated
CRISPR/Cas enzymes to a specific target seguence within a target nucleic acid. Guide nucleic
acids provide target specificity to the guide nucleic acid and CRISPR/Cas complexes by virtue of
their association with the CRISPR/Cas enzymes, and the guide nucleic acids thus can direct the
activity of the CRISPR/Cas enzymaes.

In one aspect, guide nucleic acids may be RNA mwolecules. In one aspect, guide RNAs may be
single-molecule guide RNAs. In one aspect, guide RNAs may be chemically modified. In certain
embodiments, more than one guide RNAs may be provided to mediate multiple CRISPR/Cas-
mediated activities at different sites within the genome.

In some embodiments, the cargo in the vesicles of an engineered platelets described herein is a
small molecule drug such as, but not limited to those described in paragraph [0190] as presented
on pages 98-123 of PCT PCT/GR2320/0353247 which is hereby incorporated by reference.

As mentioned previously, although the actual delivery tool is the platelst or platelet-like
membrane-bound cell fragment, these are fragments of precursor cells and so it is appropriate
that the precursor cells are in some embodiments able to also carry the cargo, for example in
instances where the cargo is endogenously produced, in some embodiments the cargo may be
produced by any one or more of the proganitor, producer or effector-chassis as definad herein,
for example any of the myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-
like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment. In this way it is
considered that cargo exprassed by, for example a megakaryocyte, is also found in the platelet
or platelet-like membrane-bound cell fragment.
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Accordingly, in some embodiments the carge is endogenously produced by the progenitor,
producer or effector-chassis of the invention, for example the engineered myeloid stem cell, a
meagakaryoblast, a megakaryocyte, a megakaryocyte-like cell, an iPSC, a platelet, or a platelet-
fike membrane-bound cell fragment

platelet (or Synlet} or precursor cells such as a megakaryocyte.,

The skilled person is well able to further engineer any of the progenitor, producer or effector-
chassis as described herein to comprise the necessary constructs, promoters and coding
sequences so as to express cargo, for example a cargo that is a:
a) a protein or peptide - in some embodiments the protein or peptide is:

iy an antibody or antigen binding fragment thereof, for example an antibody or antigen

binding fragmeant thereof binds to a tumor antigen or a neocantigen;

it} an enzyme, such as a nuclease for example a TALEN;

ili} a cytokine for example IL-1G; or

iv) @ CRISPR associated protein, for example Cas9;

v) & bispeacific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
b) a nucleic acid ~ in some embodiments the nucleic acid is:

iy an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered reguiarly

interspaced short palindromic repeats (CRISPR) seguence.

As described above, it is possible to engineered the progenitor, producer or effector-chassis so
as to place expression of the cargo under the regulation of a promoter that is only induced upon
platelet activation. Such a strategy is particularly useful in situations where the cargo may be
toxic to the progenitor, producer or effector-chassis or to the subject.

Any of the progenitor, producer or effector-chassis as described herein may be engineered so as
to exprass a cargo from a genomic location, i.e. where the nucleic acid encoding the cargo and
associated regulatory sequences are targeted to a locus within the genome. The nucleic acid
may encode a fusion protein of a cargo protein or peptide, fused to an exosome targeting
sequence, as described elsewhere herain.

It is clear that a nucleic acid encoding a cargoe as described herein can be introduced in to a
progenitor, producer or effector-chassis in a variety of ways. For example, in some embodiments
the nucieic acid that encodes the cargo is introduced in to the genomic nudieic acid. For example,
a nucleic acid encoding a cargo can be introduced to a first allele of a first locus, and/or the
nucleic acid can be introduced to a second allele of a first locus. Additionally or alternatively, the
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nucleic acid can be introduced into a first allele of a first locus and a second nucieic acid (for
example encoding a second cargo) can be introduced in to a first aliele of a second iocus.
Additionally or alternatively, a first nucleic acid can be introduced into a first aliele of a first locus
and a second nucleic acid can be introduced into a second allele of the first locus.

In some embodiments the nucleic acid that encodes the cargo is introduced in to the progenitor,
producer or effector-chassis and maintained in the progenitor, producer or effector-chassis

episomally, for example as a circular nucleic acid, for example a vector.

In some embodiments the nucleic acid that encodes a cargo of the invention is introduced in to

a progenitor, producer or effector-chassis via nucleofection.

The invention also provides a nucleic acid that encodes a cargo as described herein.

Also as described herein, the cargo can be exegenously loaded into the cargo.

In some embodiments it is preferred if the cargo is targeted to the alpha-granules. Exemplary
alpha-granule targeting signals include PF4 and vWf. Accordingly in one embodiment

the progenitor, producer or effector-chassis comprises a ¢argo as described herein that comprises
an alpha-granule localisation signal, optionally a PF4 or vWf peptide sequence. In some
embodiments the progenitor, producer or effector-chassis comprises a nucleic acid that encodes
the cargo in-frame with an alpha-granule localisation signal, optionally wherein the alpha-granule
localisation signal is selected from PF4 of vWT. The cargo comprising the aipha-granule localisation

signal may be endogenously expressed, or exogenously loaded.

As described above, a means of targeting the delivery of cargo-loaded exosomes to a particular
cell, tissue, organ or marker within the body is considered to be advantageous. Accordingly, in
some embodiments, it is preferred if the cargo (endogenously generated or exogenously loaded)
is directed towards the exosomes. Exosomes are typically stored in the alpha granules and ars
one of the most significant agents that are exported from the cell via degranulation.

The progenitor, producer or effector-chassis as described hergin {(whether non-engineered and
expressing one or more of the receptors of the invention; or engineered progenitor, producer or
effector-chassis expressing one or more receptors of the invention), which allow target
engagement dependent activation of the platelet or platelet-like membrane-bound cell fragment,

allow for target specific, localised exosome release from a-granules, avoiding the issues currently
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faced by systemic exosome delivery strategies. It is expectad that exosome loading strategies
deveioped in other cell types for a variety of cargoes can be applied to the targeting of cargo to
the esxosomes in the progenitor, producer or effector-chassis of the invention, since the
constituent proteins of the platelet exgsome are similar to classical exosomaes.

Described below are exemplary means for targeting various cargo types to the exosome, for
example for targeting protein or peptide cargo; RNA cargo; and/or Cas® gene editing tools; to
the exosome, Other means and combinations are also available for targeting these and other
cargo types. The skilled person is therefore in a position to target cargo to the exosome.

There are two main classes of exosome loading strategy. The first requires no additional
maodification to the progenitor, producer or effector-chassis, for example to the magakaryocyte
or megakaryocyte-like cell, since the targeting components are part of the cargo itself (i.e. where
the progenitor, producer or effector-chassis is engineered to express the cargo endogenously,
the exosome targeting motifs are incorporated within the carge and a separate engineering step
is not required in order to target the cargo to the exosomes). The second strategy requires some
further engineering of the progenitor, producer or effector-chassis, for example a megakaryocyie
or megakarvocyte-like cell or precursor thereof, so as to put in place something to which the
€argo can be targeted, for example an engineered e.g. the TAMEL system described below.

Strategy 1 ~ exosome targeting inherent in the cargo

Protein cargo - £Exosome protein lpading

Exosomes feature distinct and specific membrane proteins which can be modified at their N or C-
terminus to load cargo. By e.g. fusing a cargo protein or peptide to the C terminus of a tetraspanin
{such as CD63) or non-tetraspanin such as PTGFRN or BASPIL, that cargo protein of peptide is
expected to iocalise within the lumen of an exosome as the homing proiein would still be
specifically targeted to the exosome compartment (Doolay, K et al. (2021). Molecular Therapy,
29(5), 1729-1743; Fu, S. et al (2020) 20(September), 100261).

Other genes that are considered to be located in the platelet exosome include the list of genes in

Table &, derived from an ExoCarta search for proteins localised to the platelet.

Table A.
STEAP3 | CMIP | ATPLA3

DENND | VPS4A APCA4 | FCGR2C | VAV] | PA2G4 | WASF3
3 | i i i
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SERPINBL IGKVI-5 LRRCE7 | NHLRCZ | SEC228 ROX PTPNG IQGAP2 | MLEC ANK1
ATPZB1 IGLCZ VTN ORMDL { DERA TYMP FN3K ACVR1 CCTeB CLIC4

3
GLIPR2 DCD CASP3 CANX GSN APCD DSP ESAM TMED2 ST13P
4
NCIKAPL FAM12%A | CEACA ARPC3 TUBA4A ITGA2 TARS GPX1 CTTN IAK2
M1
SUSD3 ATP2B LMANT SKAP2 DNM2 ACLY FCN3 CYFIP1 WIPFL GP1iBA
RABOBA ARLLS UNC13 | USP5 BIN2 HLA-E WDR1 HBD SLC7AL | CISD2
D
TUBB2E F2ZRL3 C4BPA 5713 LIMS1 PTPR] RAB27A | TC2N PARKY BCAP3
ATPEVOAZ CAPNS1 PGRMC | UBE2D2 | ZC3HAVL | FYN PRKACA | ITGAS CHMP2Z EEF1A
1 A 2
RABEB CiR HAL IGKC FERMT3 LIMS2 MEPR BLMH VAMPS CNDP2
BLVRB CYFIF2 MME CEG DAD1 SLC12A GNAS PRICCA LAT PGM1
6
PRDX6 TLNL ATPSE LTF ST13P5 C8A RAB20 MYLK C1QA PECAM
1
MYLE TRPCE ATP2CL | GANAB TSG101 RAPZB PFKP STX? VATL NCKAP
ik
FCGBP SNX18 EGF HLA- CLTC ALDH16 | S100A7 | EXOC3L | DSCH GRAP2
DRA AL 4
EINPPLL LPCAT3 SLC4AL | MTHFDL | GDIL ANXAS RASA3 TCPL SLC2AL1 | TUBB1
EEFLALPS FGG cTsD IGHG4 PDLIM7 CXCR4 MYQ1C ABCB4 FHLL RAN
PTPN11 MGLL MYL3 ICAM3 ITIH3 SNAP23 | PIGR RHOC F5 ELMO1L
PYGR YESL NEDD4 | ARPCS C20rf28 ENO2 VPS36 TRIPLO RDHI11 TXNLL
S100A7A LRRC59 IGHM EFNBL CAPN7 TBXASL FRYL ABI1 GCA SCAMP
2
TMEMA40 RAB32 STRAP TESC HRG TAPBP CAMP LOHB PRKARL | RASAL
A
FTL  RHBDF2 | ATP1AL APiG1 CETP HPSE Cieorfs | ADDIL YIFLiB PDIA3 YWHA
CA2 4 H
TAPL ALB ADDZ PARVB CAT CCRCIA | CLDNS HSPALA | S100A8 | TUBB
NUDTS ATPGAPL UBAPL RABSB co DBNL TUBA3E | LST1 Sep-11 ALAD
AKR7AZ GAPDH RENBP ACTRZ NCK2 TFG TPM1 WASFZ SFN PTP4A
2
SLAZ RAB2A LTBPL PVRL2 TMCE SERPIN FCGR2A | TPSTZ ITGA4 DSTN
Gi
RALB ARHGAPL | LRBA HSPEL PEBF1 APIBL SLCBA4 HLA- RG518 D63
3 DRB1
CCT4 ARHGAPE | TMEM1 EMILIN PLXNA4 WDR44 CRICL UBE2VZ | IDH1L SNDL
o4 1
APQC3 MPPL PZRX1 IGKV4- MTPN IDE IGHG1 WASF1 PRKACE | LCN1
1
ciQ8 ADHLE STIM1 CAL MRVIL FGR FLOTL NT5E ACTAL SLC43
A3
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LAP3 RAB33A GEDMA | HARS2 EIFSA UBE2N DAAMYT PRICL PLXNB2 | BROX
PTRP4AL MAPRE2 APOAZ CLICL EPSLS IGHGZ FAM177 LUBAS2 PGD RPN1

Al
CHMPZ2B ANGPTL PGAM1 VCL ATFEVOD SNCB ARPC1B INF2 pZP MYADM
%
RASGRPZ DNMI1L T™MCE IGHA2 ENO1 APZB1 PPP3CA RAB18 ALPL PFN1
ARF& TNPO1 MMRNL | CAND1 TMEDS MEN CPNEL TALDOL | IGSF8 PGRMC
2
SLC25A4 LCP2 PSMBG STT3A HEA- TUBB4B SLC254 MYL124A | ERLINZ GRI2
DRBS 5]
DOK1 RPNZ LNPEP LGALSL DAB2 TOR4A TNIK APQOE SLC44A | TSPAN
1 15
LMANZ F13A1 APQAL NEDD4 DHRS7 ATP7A TAOK1 PGLS LRSAML | VAPA
LHFPLZ LCK CPNZ FGA BGN PKPZ IGHAL ITGA2B EPB41 CORO1L
C
USPYX ATP2B2 HSD17 LTK PSMAY LTB4R UBAL TGFB1 ANXAL PTPRC
B4
pe STX12 SLC7AS | TIP2 Ch226 CCT2 PTTGLIP | ARAPL ADHLIC HSPAG
NAPA YTAL FAMES TOM1LZ | RAB7A SPN LEOHA HLA-A TUBB4A | TMYSF
¢ 4
DARS CDSN ABCES ROCKL TKT TEC CLCN3 SELP SRC RPS27
A
PCMT1 EIF4A2 CAFZAL | HLA-B CASPL4 ARLSB RAP1B DuUseE3 PSMAZ HBAL
PLXNB3 PEFL SNCA TSPANL | ARPC4 EPS15LL | ATP2RB3 PSTPIPZ | ILK PLSCR
4 3
IGHG3 GNAIZ ST3GAL | P4HB CFL2 SLC25A INPPSD SERPIN ATPZB4 | PTPRB
5] 5 D1
GP5 ENDOD1 STAM2 ICAM2 PRKCB CD4OLG VWF ITCH SYTL4 ACTR3
Cis BTN3AZ CBR3 Sep-06 TUBA3C CCT3 SELL D82 TREMLL | RHOG
BLVRA PSMAS GGCT FCERLIG | RAC3 HSPAS LYSGEF NME2 ERLINL TPIL
GGT2 TUBAS PCEP3 HPCALL LAMTORL CHMPS EPB42 ATPLB3 S100A4 | STKILQ
CAB39 ITGAV PONL ACTN4 ANKFY1 B2M DML PNP NRAS CCT7
RAPLGDSI PPPLCC UBE2V CPNE3 ITGAL CDC42B | YWHAG COLECT RABL1B | DOCKS
1 PB 0
ANPEP TAOK3 PLCES STOM PRIKAGL VAMP2 PLXNAZ DPYSL2 RABSA TWF2
HPRTL FAM151A | SRI cD36 ATPSAL CKAPS VPS28 CAPZB FAM4SB | STT3B
HBB PRDX1 PLXDCZ | SLCEAS | GNAQ HNRNPK | GNALL SITt ERBB2I Uusoi
P
SERPINB4 ESYT2 RNFLL DOK2 TPPZ SLC12A KNG1 PIP4KZA | VDAC2 BRK1
4
SLC3A2 SERPINB | TOLLIP OLAat PDIAS ESD RAB4A TMOSF2 SDPR GP1BB
12
SLC29A1 FLNA ERMAP GRB2 CDC37 MTMR12 | PI4KA CAPZA2 | TMEMG3 | AKL
B
CNP TMEDS TMEM3 SLCA44A | RALA IGLLS ACTB NAPG APOB SPCS3
0OA 2
S5TAM GNB2 PMVK ARPC2 TMBIML PLCGZ ATP2AZ TMED4 PACSIN CD5L
2
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CHMP4A VASP AQPL SPCS2 | CAPNI NAPiL1 | AKR7L | IMPAL NCSTN | FTHL
EPHX2 RAP2A FAH PRKCQ | LPA HSPO0A | MYLL PCBPL | SERPIN | SiC16

Al Al A3
PROX2 CHMPS VAPB TUBBZA | UBASH3B | YWHAE | ATP6V1 | DDOST | PSMAL | SDCBP
B2
PEARTL VPSI3C | UBE2NL | KRT6B | TUBALC | WARS BAIAPZ | GSTPL | PLTP TEM4
GYPC GNAIZ RAB27 | TiGB2 | PPIB SERFINB | EHD1 ATPEVD | SNAP2G | DOCK1
B & Al 0
GOLGA7 SYNGRZ | RSUL J8M3 CD109 KPNET S100A9 | VCP PYGL YWHAB
SUSD1 RRAS MYL12B | FDESA | BTK CAPL RGS6 CD37 ECE1 PLEKH
02
GNR1 YWHAG | CCM2 | RAB3S | SELFLG EIFSAZ | MFGES | C4B LAMP1 | RRAS2
ARLGIPS BSG MLCTL c SN ABIZ 1GLC3 C10orf5 | S100A1 | RHOA
4 4
PDCD10 ATP2AS | NBEALZ2 | STXBPS | SHANK3 | CSTA PGK1 TMEMBG | HP LASPL
A
CTDSPL SLCIAS | DOK3 | TMEMG3 | WBP2 MOBIB | PTPRCA | APOAS | TBXA2R | C1QC
A P
UNC45A YWHAZ | MYHS | MTSS1 | FLG USPOY | GGT3P | PDLIMI | Fz TUBAL
A
GSR APZAL GAL | FHODI | CP RABIA | MYHi4 | ATIC "GB ANXAZ
ARHGDIR SRGAP2 | EFR3A | HLA- VAMP7 FYB RABIC | STX4 ACSL4 | RAB3D
DPR1 A
ARHGAPT RABI1A | FGK2 1571 CLECIB | STXBP3 | TUBALIB | PFPICA | ANXAZ | DIF2B
DNAJBE EHD3 PDCDE | NCCRPL | GP9 BPIFB1 | ABCBIL | IGLCL RABIB | FKEPL
A
LAPTMS LGALS3B | SPTB ALOX1Z | ARRDCE | JUP SLC2A1 | PPP2RI | C6 LGALS
P 4 A 7
ARF4 VAMP3 WWPL | EIF4AL | C5 ITiH4 RUVBLL | MYLS PDCD6I | DEF6
P
PRHDILT 1GLCE ACTC1 | TSPAN3 | PSMAG SO PZRY12 | TRIMS58 | ASAPL | LRPL
3
ESYTL ARF1 HPR GSTO1 | CHMPLA | APOLL FASN KALRN SCAMP3 | NPEPP
S
SICOA3RT TR ATGOA | ERP44 | F1IR STXBP2 | LYPLAL | EHD4 ADAM1 | TMEDL
0 0
TTC78 NMEL ANXAT | LRRC32 | AZM GTFBP2 | GPG ITGB3 Yz MOB1A
i
ALDOA GEPD CHMP4 | TPM2 UBC ASAPZ HMHAL | PPEP BTN3AL | TPM3
B
RABEA VPS25 BCAM | MAPK14 | ACTGZ AZGPL | GNAZ STK38 | RAPLA | NSF
ANXAG NCK1 ACTGI | MAGTL | HSFAS SACMiL | GNAIL ENPEP | CCTS RAB3C
MAPK1 HEG1 TTYH3 | VNNT ABCC4 LCNiPT | RABBB | ABHD16 | GRMDL | MVP
A 2
MAPREL UBB HPCA EEFIAL | GABARAP | RTN4 EMD DAPP1 | SECL1A | RABIO
L2
ROCK2 CFLL ATPEV1 | SCAMPL | ABCCL TF C8K PRKARZ | SERPIN | LYN
A B A3
cocaz THBS1 ITiH2 | CD44 RTNZ YKT6 LSR IQGAPL | PCBP2 | PFIA
PPMIA DSG1L RACT ARF3 7YX WAS VPS4B | TFRC ENG DPP4
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RAB14 FAME3A RAB37 FRKCD EEFL1G EIFSALL | COTLL DSC3 PITPNB | SORTL
I¥iHL ARG Cén OSTFL HLA- EEF2 VPS45 GPRCS5C | ATPEAL | GRHPR
DRE3
MINK1 RAP1GAP | CHMPL | 5TK24 AHCY SLC2A3 MAP4i4 | CCTEA PTPRA CD2AF
2 B
MFSD2B STAT3 ARHGD | HGS KIF2A ADH1A ANXA7 PSMDS UGP2 CTNNB
IA i
TSPANS CCT8 ANXAS | TAGLN2 | CPNEZ PROST MYCLG APRT ORMDL | TMX1
1
UBE2D3 AGT PRDX4 | EZR PLEK RABL3 SERPIN | ADCYE SLCOAS | GNB4
B3
MYCTL PDIAS RABZB HSPA7 UBA7 KIAADSL | OIT2 AMPD2Z ARHGAP | IGLCY
3 4
STX11 CLDN3 DOCKL | DIAPHL | PTGSL ACTNL RHEB MPL GGT1 ALDOC
i
CLu Cigt CAPNS | AHSG ACTAZ RAB21 GNAL3Z SYK PRDX5 XPNPE
2 P2
APPL2 CDS2 GPL ARLZA ANXAZPZ | ANCG VTIiB INPP5A ITGB1 EPSE
ITGAS CD84 ch4a7 LBP PODXL RABSC VPS378 | SLCSAL | BTN3AZ | FN1
HARS HSFB0AB | HSPOO SERPIN | CYB5R3 FLOTZ2 ClerfiS | TGM3 ClorflS | RHOF
1 Bi 8% 8 8
RAC2Z

The expression of a fusion protein comprising a cargo protein or peptide and a membrane resident
exosome protein in a megakaryocyte expression, is expected {0 result in platelet exosome loading
with that cargo protein or peptide.

Soluble protein can be targeted to the exosome by fusion of targeting sequences o a cargoe
protein or peptide. One such approach is fusion of the WW domain of Nedd4 ubiguitin ligases to
a therapeutic protein (Sterzenbach, U, et al (2017) 25(6}, 1269-1278). This strategy resulis in
the uptake of the chimeric WW domain -~ cargo protein/peptide fusion into the lumen of the
exosome by an Ndfipl dependent mechanism.

Ubiguitinated proteins are aiso often trafficked to the exosome. Tagging a cargo protein or peptide
with a ubiquitin tag can also be used to direct trafficking of the cargo protein or peptide to the
exosome lumen as a soluble protein (Cheng, Y., & Schorey, 1. 5. (2016) Biotechnology and
Bicengineering, 113(6), 1315-1324; Giovannone, A. et al (2017) Molecular Biology of the Cell,
28(21), 2843-2853).
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The expression of a fusion protein comprising a cargo protein or peptide and an an exosome
inading tag in a megakaryocyte expression, is expected to result in platelet exosome loading with
that cargo protein or peptide.

Accordingly, in some embodimeants where the cargo is a protein or peptide, the cargo protein or
peptide is expressed as a fusion protein comprising:

a) the cargo protein or peptide; and

b} an exosome targeting domain, for example where the exosome targeting domain is selected

from the group comprising or consisting of:

i} an exosome specific membrane protein or exosome membrane targeting portion
thareof, for exampie:

a tetraspanin, for example CDE3; or

a non-tetraspanin such as PTGFRN or BASPL

i1} an excsome targeting sequence from a soluble protein, for exampie the WW domain of
Nedd4 ubiquitin ligases; and/or

it} a ubiguitin tag; and/or
iv} a protein selected from the proteins listed in Table A,

As stated elsewhere, although the preferred effector-chassis is a platelet or platelet-like
membrane-bound cell fragment (or engineered version thereof), the skilled person appreciates
that when expressing a carge endogenously, that expression typically occurs in one or more of
the upstream progenitor cells, for exampile in the progenitor or producer-chassis e.g. a

megakaryocyte of megakaryocyte-like cell.
Accordingly, in some embodiments the invention provides a progenitor, producer or effector-
chassis as described hersin that expresses any one or maore cargo proteins or peptides whearein

the cargo protein or peptide is expressed as a fusion protein comprising:

a) the cargo protein or peptide; and

- 94 -



WO 2022/263824 PCT/GB2022/051512

b} an exosome targeting domain, for example where the exosome targeting domain is selected
from the group comprising or consisting of:

i} an exgsome specific membrane protein or exosome membrane targeting portion
thereof, for example:

a tetraspanin, for example CD8&3; or

a non-tetraspanin such as PTGFRN or BASPL

il} an exosome targeting sequence from a soluble protein, for example the WW domain of
Nedd4 ubiquitin ligases; and/or

ili} a ubiquitin tag; and/or
iv} a protein selected from the proteins listed in Table A.

As described above, the progenitor, producer or effector-chassis may be engineered so as to
express the cargo fusion protein or peptide from a genomic location, and/or 5o as to express the
cargo fusion protein or peptide episomally.

Also as described elsewhere herein, the cargo may be locaded in to the progenitor, producer or
effector-chassis exogenously. Accordingly the invention also provides a progenitor, producer or
effector-chassis as described herein that comprises one or more cargo proteins or peptides and
wherein the cargo protein or peptide is a fusion protein comprising:

a) the cargo protein or peptide; and

b} an exosoeme targeting domain, for example where the exeosome targeting domain is selectad

from the group comprising or consisting of:

i} an exosome specific membrang protein or exosome membrang targeting portion
thereof, for example:

a tetraspanin, for example CDE3S; or

a non-tetraspanin such as PTGFRN or BASPL

ii) an exosome targeting sequence from a soluble protein, for example the WW domain of
Nedd4 ubiguitin ligases; and/or
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iliy a ubiquitin tag; and/or
iv} a protein selacted from the proteins listed in Table A

and wherein the cargo protein or peptide has been exogenously loaded into the progenitor,
producer or effector-chassis.

RNA cargo - Exosome RNA loading

As described elsewhere, the cargo that is to be delivered in a targeted (e.g. through a targeted
means using a progenitor, producer or effector-chassis or engineered progenitor, producer or
effector-chassis as described herain that comprises one or more of the receptors of the invention)
or non targeted (e.g. via an engineered progenitor, producer or effector-chassis as described
hersin that doss not comprise one or more of the receptors of the invention) fashion can be an

RNA, It is also considered advantageous to target the RNA cargo to the exosome for delivery.

Exosomes naturally contain a variety of RNA cargoes, including mRNA and miRNA, Piatelets have
been previously shown to deliver RNA cargo to cells on activation, {(miRNA transfer {(Laffont et
al., 2013 Blood, 122(2), 253-261; Michael et al., (2017) Blood, 130(5}, 567-580), mRNA transfer
{ Kirschbaum, M., (2015}, Blood, 126(6}, 798-806; Risitano, A et al (2012) Blood, 119(26),
6288-6295).

RNA targeting motifs

Studies of exosome resident RNAs have elucidated a variety of sequences which can increase
exosomal RNA localisation in exogenous RNAs (Batagov, A. O. et al (2011) 1Gth Int. Conference
on Biginformatics - 1st ISCB Asia lJoint Conference 2011, InCoB 2011/ISCB-Asia 2011:
Computational Biclogy - Procesdings from Asia Pacific Bioinformatics Network (APBioNet),
12{SUPPL. 3) https://doi.org/10.1186/1471-2164-12-53-518). Different engineering strategies
have been proposed to increase exosomne RNA localisation. Some of these sequences mediate
interactions with RNA binding proteins, resulting in exosomal RNA sorting, via hnRNPagihA2ZB1 (
Villarroya-Beltri et al {2013} Nature Communications, 4, 1-10), SYNCRIP { Santangelo, L. et al (2016}

Cell Reports, 17(3)) or Annexin A2 (Hagiwara, K. et al {2015} FEBS Letters, 589(24}, 4071-4078).

Some pre-miRNA backbones feature specific hairpin structures (such as pre-miR-451)} that target
them to the exosome which can be repurposed to facilitate targeting of alternate mRNAs when
usad as a packaging scaffold (Reshke, R, et al {2020) Nature Biomedical Engineering, 4(1}, 52~
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68). Finally, some viral RNAs contain exosome targeting motifs which can be repurposed for
therapeutic RNA re-targeting (Lévesgue et al,, 2006 Traffic, 7(9), 1177-1193).

Strategy 2 ~ co-engineering the progenitor, producer or effector-chassis to facilitate

exosome targsting

In addition to taking advantage of endogenous RNA exosome trafficking systems, new,
orthogonal targeting systems have been developed to drive the exosome specific accumulation
of RNA. The TAMEL system involves the fusion of a the bacteriophage coat protein M52 was fused
to Lampdb, VSVG and CD63 (exosome membrane proieins). Target therapeutic RNA was
enginaared to aexpress MS2 binding stem-loops. The engineered stem-loops present in the cargo
mRNA drive association with the engineered MS2-exosome membrane protein fusions, driving
cargo BNA accumulation within the excsome (Hung & Leonard, 2016 Journal of Extracellulor
Vesicles, 5(1}), 1-13). The MS2 loading system has been further modified to drive RNA association
with the exosomal membrane in a biue light-dependent manner. By fusing the M52 coat protein
and an exosomal membrane protein to light dependent dimerization proteins, M52 stem-loop
containing RNA can be specifically loaded into exosomes in the presence of blue-light only. On
biue light shut off, the MS2 coat protein/RNA dissociate from the exosomal mambrane protein.
This facilitates cytoplasmic translation of the mRNA upon its uptake by a target cell (Huang, L. et
al (2019) Advanced Functional Materials, 29(9), 1-8; Yim, N. et al (2016) Nature
Communications, 7, 1-9). Finally, a similar strategy has been employed by fusing the archeal
ribosomal protein L7Ae to CDE3, facilitating L7Ae targeting to the exosome. L7Ae binds to an
RNA structure known as the C/D box. Engineering of the C/D box into the 37 UTR of an mRNA, in
cells co-expressing the L7Ae-CD63 fusion, resulted in C/D box containing mRNA enrichment
within the exosome compartment. These strategies couid be employed to target mRNA to platelet
exosome compartment (Kojima et al., 2018 Nature Communications, 9(1)).

In some embodiments, any of the progenitor, producer or effector-chassis of the invention
described herein has been engineered to fuse the bacteriophage coat protein MS2 1o an exosome
membrane protein, optionally to Lamp2b, VSVG and/or CDB63. The presence of a cargo RNA
comprising the corresponding MS2 binding stem-loops within the progenitor, producer or effecior-
chassis (either expressed endogenously or exegenously paded) results in the targeting of the
cargo RNA to the exosome.
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In some embodiments, any of the progenitor, producer or effector-chassis of the invention
described herein has been engineered to fuse the bacteriophage coat protein M52 to:

an exosome mambrane protein, optionally to Lamp2b, VSVG and/or CD63; and

a light dependent dimerisation protein.

A cargo RNA comprising the corresponding MS2 binding stem-loops present within the progenitor,
producer or effector-chassis (either expressed endogenously or exogenously loaded) is only
ioaded into the exosome in the presence of blue light.

In some embodiments, any of the progenitor, producer or effector-chassis of the invention
described herein has been engineered to fuse the archeal ribosomal protein L7Ae to an exosome
mambrane proteain, optionally to Lamp2b, VSVG and/or CD63; in some embodiments fused o
CD63. The presence of a cargo RNA comprising the corresponding C/D box binding partner within
the progenitor, producer or effector-chassis {gither expressed endogenously or exogenously
inaded} results in the targeting of the cargo RNA to the exosome,

As described above, the progenitor, producer or effector-chassis {i.e. any progeniter, producer
or effector-chassis as described herein) may be engineered so as to express the cargo RNA from
a genomic location, and/or 5o as to express the cargo fusion RNA epiosmaily.

Also as described elsewhere herein, the cargo RNA may be loaded in to the progenitor, producer

or effector-chassis exogenously.

Accordingly the invention also provides a progenitor, producer or effector-chassis as described
herein that has been engineered (o exprass any one or more of:

a) a cargo RNA that comprises an exosome targeting motif, optionally a hairpin or a viral exosome
targeting RNA or exosome targeting fragment thereof;
b) a cargo RNA that comprises an aptamer domain, optionally whersin the aptamer domain is
selected from:

iy a MS2 binding stem-loops; and/or

iiy a C/D box; and/or

ili}) an AU rich element, optionally wherein the RNA is an mRNA that encodes Cas9.

The invention also provides a progenitor, producer or effector-chassis as described herein that

comprises any one or more of:
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a) a cargo RNA that comprises an exosome targeting motif, optionally a hairpin or a viral exgsome
targeting RNA or exosome targeting fragment thereof;
b} a cargo RNA that comprises an aptamer domain, optionally wherein the aptamer domain is
selected from:

iy a MS2 binding stem-loops; and/or

iiy a /D box; and/or

ili} an AU rich slement, optionally wherein the RNA is an mRNA that encodes Cas9;

and wherein the cargo RNA has been exogenously loaded.

The skilled person appreciates that where the cargo RNA comprises an MS2 binding stem-ioop,
the progenitor, producer or effector-chassis should typicaily be engineered to express a fusion of
the bacteriophage coat protein MS2 to an exosome membrane protein, optionally to Lamp2b,
VSVG and/or CD63. In some instances the progenitor, producer or effector-chassis may be
enginasred to express a fusion protein comprising:

a) the bacteriophage coat protein MS2

b) an exosoma membrane protein, optionally to Lamp2b, VSVG and/or CDE3; and

<} a light dependent dimerization protein.

The skilled person alsc appreciates that where the cargo RNA comprises a C/D box, the
progenitor, producer or effector-chassis should typically be engineered to express a fusion of the
archeal ribosomal protein L7Ae to an exosome membrane protein, optionally to Lamp2b, VSVG
and/or CDE&3; in some embodiments fused to CDE3. In some instances the progenitor, producer
or effector-chassis may be engineered to express a fusion protein comprising

a) the archeal ribosomal protein L7Ae

b} an exosome membrane protein, optionally to Lamp2b, VSVG and/or CD63; and

¢} a light dependent dimerization protein.
The skilled person appreciates that there are other combinations of RNA sequence (i.e. aptamer)
and RNA-binding protein that can be used, in addition o or instead of the C/D box:L7Ae and

stem-~lgop:MS2 combinations described above.

Accordingly in some embodiments the progenitor, producer or effector-chassis may be

engineered to express a fusion protein comprising:
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&) an exosomea specific protein
for example a tetraspanin, for example CD63; or
a non-tetraspanin such as PTGFRN or BASPL; or
Lamp2b or VSVG;
or a protein selected from those listed in Table A; and

b} a protein or fragment thereof capable of binding to a specific RNA aptamer.

It is clear to the skilled person that in such an embodiment, the corresponding cargo RNA should
comprise the specific aptamer to which the protein in {(b) above binds.

Cas9 RNP delivery

The above mentioned strategies focus on RNA and protein exosemal loading in isolation. To
facilitate genome engineering by Cas8/guide RNA delivery, both guide and protein must be
delivered. A number of engineering strategies have been proposed o drive Cas9 RNFP uptake in
exosomes, and thus facilitate gene editing in target cells exposed to the exosome on releass.
One such approach is through the engineering of a CD9-HuR. CD® is an exosomal membrane
protein, and HuR is an RNA binding protein that specifically targets AU rich elements (AREs).
Engineering of AREs into the 3" UTR of an mRNA encoding for Cas9, and iis addition to an guide
RNA, drive their accumulation within exosomes, through their association with HuR and thus CDS
{ Li, Z. (2019} Nano Letters, 19(1}, 19-28)}. Another approach for loading Cas8 into exosomes
involves fusion of GFP to a exosomal membrane protein (such as CD9 or CD63). CasY can then
be fused to a GFP binding nanobody. This results in the binding of Cas9 protein itself to the GFP
of bound to the exosome membrane protein, driving its accumulation with the exosome
compartmeant. As this strategy is driven by targeting of the Cas9 protein, sgRNAs expressed in
the producer cell bind to the soluble Cas® taken up within the exosome, facilitating complete RNFP
transfer }. Finally, functional Cas9 systems have also been delivered to exosomes in the form of
a plasmid. When exosome producer cells {in this case — the megakaryocyte) is nucieofected with
a plasmid, some of this plasmid is stochastically packaged within exosomes. This plasmid can
then be transferred to target celis upon exosome release (Kim, S, M. et al (2017) Journal of
Controlied Release, 266(July), 8-16).

Accordingly, in some embodiments any of the progenitor, producer or effector-chassis of the
invention described herein has been engineered to express a CD9-HuR fusion protein. A cargo
RNA comprising AU rich elernents is targeted to the exosome. The cargo RNA comprising AU rich

elements may be expressed endogenously (i.e. the progenitor, producer or effector-chassis may
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also be engineerad so as to express the cargo RNA), or loaded exogenously. This method may
be used {0 target any cargo BNA to the exosome,

In some embodiments, any of the progenitor, producer or effector-chassis of the invention
described hergin may have been enginesred to express a fusion protein comprising GFP fused to
an exosomal membrane protein such as CD9 or CDE3. A cargo protein fused to an GFP binding
nanohody is targeted to the exosome membrane driving its accumulation within the exosome.
The methods is considered to be suitable for the targeting of any cargo protein or peptide to the
expsome. In some embodiments the progenitor, producer or effector-chassis has been
engineered to also express the corresponding sgRNA - the sgRNA bind to the soluble Cas® and
so are both targeted to the exosome. The cargo protein {e.g. €as90 and/or sgRNAs may be
expressed endogenously, i.e. the progenitor, producer or effector-chassis may have been
engineared so as to express the cargo protein (e.g Cas®) and/or sgRNAs; or the cargo protein
{e.g. Cas9) and/or sgRNAs may have been loaded exogenously.

It is clear from the above that there are many appropriate means by which a cargo (e.g. protein,
peptide, RNA etc) can be targeted to the exosome. Engineered progenitor, producer or effector-
chassis that are engineered megakaryocyles of megakaryocyie-like celis that have been
engineered to express any one or more cargo and/or corresponding components reqguired for
exosome targeting as described above are expressed to produce platelels or platelet-like cell

fragments that comprise the cargo in the exosomes.

Embodiments where the cargo is targeted to the exosome are considered to be particularly
advantageous when the progenitor, producer or effector-chassis comprises one or more of the
recaptors of the invention, (i.e. one or more CPR, universal CPR, SAPR or ePAR) - the presence
of the receptor of the invention means that the progenitor, producer or effector-chassis is
targeted to a particular site, or activates in response to a specific signal. Due to the limited half
fife, and potential for extravasation of exosomes, local release of exosomaes at the site of a specific
target is expected to have a massive impact on the therapeutic potential of exosome based
therapies.

The invention provides a nucieic acid that encodes any one or more of the cargos (including any
exosome target binding domains), suitable for expression of the cargo from the genomic locus,

or episomally.
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Various methods are provided for delivering a cargo to a subject in need thereof. As described
herein, the cargoe may be a therapeutic drug or a toxin, Preferences for the cargo are as described
eisewhere herein, for example the cargo may be located within exosomes and exported from the
platelet/Synlet in an exosome, for example from an alpha granule.

Other targeting signals may be used in a similar manner, for example {o target the cargo to the
exosome, or other granule. Accordingly in some embodiments the cargo {whether it is
endogencusly or exogenously loaded) is attached to a targeting signal, for example an a-granule

localization signal and/or an exosome targeting signal.

In other embodiments, the cargo is exogenously loaded into or onto the progenitor, producer or
effector-chassis, for exampile into or onto an engineered myeloid stem cell, a megakaryoblast, a
megakaryocyte, a megakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-
bound cell fragment or Synlet of the invention. Platelets naturally absorb drugs and antibodias
in their envirpnment through endocytosis and the open canalicular system and the skilled person
is aware of technigues for exogenously loading platelets with cargo, see for example Wu et al
2020 1 Biomed Sci 27 discusses the loading of platelets with doxorubicin by incubation with
doxirubicin., Following platelet activation doxirubicin was found in the platelet extraceliuiar
vesicies that are normally released upon platelet activation. Verheul et al 2007 Clin Cancer Res
15: 5341-5347 demonstrates the loading of platelets with Bevacizumab and the release of the
antibody upon platelet activation; Xu et al 2019 Biometer Sci 7: 4568-4577 and shows loading
of platelets with vincristine, a chemotherapy medication. Accordingly, platelets are able {0 be
exogenously loaded with a wide range of cargo, which upon platelet activation is released from
the platelet.

In some embodiments then the invention provides any of the chassis of the invention that has
been exogenously loaded with a cargo, for example where the cargo is selected from:

a) a protein or peptide - in some embodiments the protein or peptide is:
i} an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a necantigen;
il} an enzyme, such as a nuclease for example a TALEN;
ili) a cytokine for example IL-10; or
iv) a CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
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b} a nucleic acid - in some embodiments the nucleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence; or
it} 3 DNA vector;
<) a toxin;
d)y a small molecule drug, imaging agent, radionuciestide drug, radionucleotide tagged
antibody, or any conjugate thereof;
e) a viral vector such as AAV;
£} a virus such as oncolytic virus;
g) agents for performing CRISPR mediataed gene editing;
h) an expsome, for example an exosome pre-loaded with a second cargo; and/or
i) @ nanoparticlie or nanoparticles.

or any combination thereof.

Preferences for the cargo are as described elsewhere herein. For example in some embodiments
the cargo is @ protein that comprises an exosome targeting domain, as described above.
In some embodiments the cargo is soluble. In some embodiments the cargo is membrane-bound,

The cargo may alse be an imaging agent.

It is also considered that incubating the chassis of the invention with a composition comprising
exosomes or other lipid bound vesicles such as synthetic exosomes allows the exogenous ioading
of the exosomes into the chassis that can be targeted for delivery using the chassis described
herein. In some embodiments the composition comprises exosomes that comprise one or more

secondary cargo such as any of the cargo described herein.

In some preferred embodiments the cargo is not an agent that is naturally found within the
platelet, i.e. the cargo is an exogenous cargo rather than an endogencus cargo with respect to
the platelet. The skilled person appreciates that a cargo can be exogenous to the platelet but
endogencous to the subject.

In some preferred embodiments the cargo is not an agent that is naturally found within the
platelet a-granule. For example the cargo may be an agent that is naturally found within the
platelet, but not naturally found within the a-granuie.
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In some embodiments the cargo may be an agent that is endogenously found within the platelet
but is found at a higher concentration or amount within the platelet, or within the g-granule of
the platelet than in a platelet not of the invention.

In some embodiments the cargo comprises an a-granule localization signal wherein the a-granule
localization signal directs the cargo to uptake into a-granule vesicles of the engineered platelet.
For example in some embodiments a therapeutic agent or an imaging agent comprises or is

corjugated to an a-granule localization signal.

Cargo that is endogenously expressed or exogenously loaded may be stored with the progenitor,
producer or effector-chassis in various places. For example in some embodiments the cargo is
stored in the cytoplasm and/or cargo is stored in the plasma membrane, and/or the cargo is
stored on the external surface of the plasma membrane and/or the cargo is stored in one or more

granules, preferably is stored in the alpha-granule.

In some embodiments, the cargo agent for example therapsutic agent is stored within an
exosome within the progenitor, producer or effector-chassis for example within the piatelet or
platelet-like membrane-bound call fragment. In some embodiments the at least one cargo agent
for example therapautic agent is within a granule, for example within an alpha granule within the
progenitor, producer or effector-chassis for example within the platelet or platelet-like
membrane-bound cell fragment. In some further embodiments, the at least one cargo agent for
example therapeutic agent is within an exosome that itself is within a granule, for example an

alpha granule.

Plateletl a-granules contain protein effectors and loading of soluble proteins is performed through
a simple signal peptide. A minimal targeting sequence for directing proteins inte platelet secretory
g-granules has been previously defined (See, Golli et al. "Evidence for a Granule Targeting
Seguence within Platelet Factor 4.7, IBC, 2004, which is hereby incorporated by reference in its
entirety} and in any of these embodiments, the cargo may be attached to an a-granule
iocalization signal. For example, where the cargo is endogenously produced, the cargo may be
exprassed by the platelet {or Synlet) or precursor cell such as a megakaryocyte in frame with an
g-granule localization signal. In fact,

Exogenously lcaded cargo may also be attached to an a-granule localization signal so that once
the cargo enters the platelet or the progenitor cell, it is then subsequently targeted o the a-

granule.

- 106 -



WO 2022/263824 PCT/GB2022/051512

In instances where the cargo is endogencusly produced by the progeniter, producer or effector-
chassis or engineered progenitor, producer or effector-chassis, the cargo can be encoded by a
nucleic acid that is expressed to produce the cargo protein or peptide, or RNA that is to be
targeted to the specific target site, tissue or cell; or to produce enzymaes or other active entities
that produce the carge within the platelet (or Synlet) or precursor cell such as a megakaryocyte.

The engineered progenitor, producer or effector-chassis according to any of the preceding claims
wherein the progenitor, producer or effector-chassis has been engineered to:

a) have disrupted function of MHC Class 1 genes or proteins;

b} have disrupted expression from the B2 microglobulin gene, optionally to knock out the g2
microgiobulin gene;

¢} have disrupted expression from ong or more HLA genas;

d} have disrupted exprassion from any one or more of HLA-A, HLA-B and/or HLA-C, optionally
wherein expression of HLA-A and HLA-B has been entirely disrupted but wherein expression of
HLA-C has been partially disrupted, optionally wherein expression from both alleles of HLA-A and
HLA-B have been disrupted but wherein axpression from only one allele of HLA-C has been
disrupted;

e} overexpress any one or more of the HLA class Ib genes, optionally any one or more of HLA-
G, HLA-E, CD47 and PD-L1;

f} overexpress any one or more of HLA-G, HLA-E, CD47 and PD-L1 and optionally been engineered
to have disrupted expression from the Beta 2 microglobulin gene; and/or

g} overexpress one or more immunomodulatory genes, oplionally wherein the one or more
immunomodulatory genes is selected from the group comprising CD47 and PD-L1;

h} eliminate one or more genes or gene products for which the product(s) could negatively affect
the potency of a cargo;

iy tune up or down the innate/adaptive response;

i) reduce inflammation, angiogenesis, atheroscierosis, lymphatic development and tumour
growth;

k) have disrupted exprassion of one or more genes encoding adhesive proteins and/or cargo
entities which are likely to indirectly counter the biological action of the engineered cargo,
potentially leading to a greater net therapeutic effect;

iy downregulate or inhibit expression of CD40L;

n) downregulate or inhibit expression of any one or more of CD36, NOD2, SRB1, TLR1, TLRZ,
TLR3, TLR4, TLRs, TLRG, CD40L, CD23 (ClgRp), C3aR, CD8E (C5aR), CDES (FcuRl), CD23
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{FceR1), CD32 (FoyRila), MHC classl, CD191 (CCR1), CD193 (CCR3), CD194 (CCR4), CD1iB4
{CXCR4), CX3CR1, CD102 (ICAM-2}, JAM-C/IAM-3, CD62P (P-selectin), CD31 (PECAM-1), CD150
(SLAMF1), CCL2, CCL3, CCL5, CXCLL, CXCL12, CXCL4/PF4, CXCLS, CXCLE, NAPZ (CXCL7}, IL-1B
o) disrupt or inhibit expression of GARP and/or TGFb,

q) disrupt or inhibit expression of any one or more of Siglec-7, Siglec-9, Siglec-11 or TGFB

s} disrupt or inhibit expression of any one or more of GPIb/V/IX and GPVI (GP6), ITGAZB, CLEC2,
integrins s allbb3, az2bl, aSbl and a6bl, GPVI and ITGAZB;

t) disrupt or inhibit expression of any one or more of Parl, Pard, P2Y12, GPIb/V/IX, the
Thromboxane receptor (TBXAZR), P2YL, P2X1 and integrin allbb3 or from the group consisting
of Parl, Pard and P2Y12;

u) disrupt or inhibit expression of any one or more of Coxi, Cox2, HPS, prothrombin, PDGF, EGF,
von Willebrand Factor and thromboxane-A synthase (TBXASLY;

v} synthesise a protein or RNA of interest in response to activation of the platelet or platelet-like
membrane-bound cell fragment, optionally wherein the protein or RNA of interest is expressed
from the BCL-3 mRNA untranslated regions, optionally 5’'UTR;

Z} express one or more cargo proteins or cargo RNAs, optionally wherein the cargo protein or

cargo RNA comprises an alpha-granule targeting signal, optionally comprises a platelet factor 4

{PF4) or von Willebrand factor {vWf};
aa) exprass at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs, optionally express at least 3, 4, 5, 6, 7, 8, 9 or at least 10 different
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptidas, SAPRs or
ePARs;
bb) express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs, and wherein the target binding domazin of the at least two CPRs,
universal CPRs, complexes of univarsal CPRs and tagged targeting peptides, SAPRs or ePARs are
directed towards different targets;
e} exprass at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs, and wherein the target binding domain of the at least two CPRs,
universal CPRs, complexes of univarsal CPRs and tagged targeting peptides, SAPRs or ePARs are
directed towards different targets, and wherein:
i} the platelet modulation domain of a first CPR, universal CPR, complax of universal CPR
and tagged targeting peptide, SAPR or ePAR is a platelet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain, and wherein the
platelet modulation domain of a second CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR is a platelet inhibition domain, optionally is a
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domain that prevents triggering of platelet degranulation, optionally is an ITAM containing
domain;

ii} the platelet modulation domain of a first CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR or ePAR is a platelet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain, and wherein the
platelet modulation domain of a second CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR is a platelet activation domain optionally a
degranulation triggering domain opticnally an ITAM containing domain;

dd} express at least two CPRs, universal CPRs, complexas of universal CPRs and tagged targeting
peptides, SAPRs or ePARs that operate together to form a logic circuit;

ea) express one or more ¢argo, optionally wherein the cargo is selected from the group
comprising:
a) a protein or peptide — optionally wherein the protein or peptide is:

i} an antibody or antigen binding fragment thereof, for example an antibody or

antigen binding fragment thereof binds to a tumor antigen or a necantigen;

i} an enzyme, such as a nuclease for example a TALEN;

iii} a cytokine for example IL-10; or

ivy a CRISPR associated protein, for example Cas9;

v} a bispecific protein, for example a bispecific antibody or optionally a T-cell
engager (BIiTE);

vi} a fusion protein comprising an exosome targeting domain, optionally wherein

the fusion protein comprises:

a) the cargo protein or peptide; and
b) an exosome targeting domain, optionally wherein the exosome targeting
domain is selected from the group comprising or consisting of:

i) an exosome specific membrane protein or exosome
membrane targeting portion thereof, for example:

a tetraspanin, for exampie CD&3; or

a non-tetraspanin such as PTGFRN or BASPL

i} an exgsome targeting sequence from a soluble protein,

optionally the WW domain of Nedd4 ubiguitin ligases;
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iiiy a ubiquitin tag; and/or
iv) a tag binding domain, optionally a nanobody directed
against a tag, optionally a nanobody directed against GFP.

b) a nucleic acid, optionally wherein the nudleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
regularty interspaced short palindromic repeats (CRISPR) sequence; and/or
iiYan RNA that comprises an exosome targeting domain, optionally wherein the

exosome targeting domain 1s selected from the group comprising or consisting of’

a) an exgsome targeting hairpin or linear motif;

b) a viral exosome targeting RNA or exosome targeting fragment thersof;
ili) an RNA that comprises an aptamer domain, optionally wherein the aptamer domain is

selected from:

a) a M&2 binding stem-loop;

b} a C/D box; and/or

¢} an Al rich element, optionally wherein the RNA is an mRNA that encodes

Cas9;

ff) express a fusion protein wherein the fusion protein comprises:

i} the bacteriophage coat protein MS2 fused to an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2hb, VSVG, CDE&3,; and/or

it} the archaeal ribosomal protein L7Ae fused fo an exosome membrane proisin,

optionally wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VSVG, CD63; and/or

iti} a CDY-HuR fusion protein;

optionally wherein the fusion protein further comprises a light activated dimerization protein;

gg) translate one or more cargo from an mRNA only upon binding of one or more
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or
ePARs to the target, optionally wherein the cargo is selected from the group comprising:
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a) a protein or peptide, optionally
i} an antibody or antigen binding fragment thereof, for example an antibody or
antigen binding fragment thereof binds to a tumor antigen or a neoantigen;
ity an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for example IL-10; or
ivy @ CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell
engager (BITE}
b} a nucleic acid ~ in some embodiments the nucleic acid is:
iy an RNA, for example selected from mRNA, a3 miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequencs,

optionally wherein the cargo is expressed from the Bcl-3 mRNA untranslated
regions, optionally S'UTR.

Accordingly in some embodimants the invention also provides a nucleic acid encoding & cargo
protein or peptide or cargo RNA. In some embodiments the protein or peptide is selected from
an antibody or antigen binding fragment thereof, an enzyme (such as a nuclease for example a
TALEN), a cytokine, or a CRISPR associated protein 9 {(Cas8.} In some embodiments the cargo
RNA is selected from mRNA, a miRNA, shRNA, and a clustered regularly interspaced short
palindromic repeats {(CRISPR) sequence). In preferred embodiments the nucleic acid. comprises
sequences suitable for driving expression in a megakaryocyte and/or platelet. For example, in
some embodiments the nucleic acid encoding the cargo protein, cargo peptide or cargo RNA is
operatively linked to a heterologous expression control sequence such as a promoter. In some
embodiments the nucleic acid encodes a cargo protein or peptide or cargo RNA and also comprises
a megakaryocyte specific promoter or a platelet specific promoter. In some embodiments the
nucleic acid encodes a cargo protein or peptide or cargo RNA and comprises a heterologous
sequence, such as a megakaryocvte specific promoter or a platelet specific promoter. In some
embodiments the nucleic acid is DNA that encodes a cargo protein or peptide or cargo RNA.

The invention provides a method of delivering a cargo comprising administering an effective
amount of any one or more of an engineered megakaryocyte, enginsered platelet, and/or CPR
according to any of the preceding claims.

The invention provides a targeted delivery system comprising a progenitor, producer or effector-
chassis of the invention that expresses one or more CPRs, universal CPRs, complexes of universal
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CPRs and tagged targeting peptides, SAPRs or ePARs of the invention. In some embodiments
the targeted delivery system is a therapeutic targeted delivery system. In some embodiments
the targeted-delivery system is a non-therapeutic delivery system. In preferred embodiments
the system comprises an effector-chassis.

The invention alse provides a non-thrombogenic targeted delivery systemn that comprises a
producer or effector-chassis of the invention that expresses one or more CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs according the
invention and wherein the progenitor, producer or effector-chassis has been engineered to disrupt
the thrombogenic pathway targeted delivery system. In some embodiments the non-
thrombogenic targeted delivery system is a non-thrombogenic therapeutic targeted delivery
system. In some embodiments the non-thrombogenic targeted delivery system is a non-
thrombogenic non-therapeutic delivery system. In preferred embodiments the system comprises
an effector-chassis.

In preferred embodiments, the targeted delivery system or the non-thrombogenic targeted
delivery system further comprises one or more cargo. Preferences for the cargo are as described
herain.

It is clear that the various components, progenitor, producer or effector-chassis, CPR, universal
CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR and systems
described herein can be used to treat or prevent a range of diseases through the delivery of
particular cargo to target sites; and/or through the activation of T cells towards a particular
antigen. Accordingly, various embodiments of the invention described herein provide a method
of treating a disease, disorder, or condition in a subject, the method comprising: administering
to the subject one or more progeniter, producer or effector-chassis of the invention, one or more
CPR, universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR of the
invention, preferably administration of the previously described therapeutic delivery system.

The skilled person is able to design the CPR, universal CPR, complex of universal CPR and tagged
targeting peptide, SAPR or ePAR of the invention so as to be directed towards an appropriate
target for a given disease.

Any of the progenitor, producer or effector-chassis as described herein, for example an
engineered progenitor, producer or effector-chassis expressing one of more CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs of the invention can
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be used o deliver cargo to a particular call or tissusg, for example to a tumour. Where the
progenitor, producer or effector-chassis has been loaded with a therapeutic cargo, binding of the
CPR, universal CPR, complaex of universal CPR and tagged targeting peptide, SAPR or ePAR to the
target results in localised delivery of the therapeutic cargo. For example, targeting a progenitor,
producer or effector-chassis that has been loaded with & toxin, for example a toxin stored in the
alpha-granule, to a tumour using a CPR results in degranulation and local delivery of the toxin to

the tumour.

In addition, or alternatively, rather than delivering a particular cargo, the progenitor, producer
or effector-chassis may comprise a CPR, universal CPR, complex of universal CPR and tagged
targeting peptide, SAPR or ePAR with the appropriate target binding domain so as to bind o
antigen specific T cells to upregulate their function to clear tumours expressing defined antigens.
Conversely, antigen specific T Cells that mediate autoimmune diseases could be targeted for
destruction, with defined antigens known in a variety of common diseases including Hashimoto's

thyroiditis, type 1 diabetes and multiple sclerosis.

As described above, where the progenitor, producer or effector-chassis for example platelet or
platelet-like membrane-bound cell fragment retains thrombogenic potential it can be targeted to
a tumnour via the CPR, starving the tumour of oxygen.

The progenitor, producer or effector-chassis described herein may be engineerad to kill cancergus
cells. For example, CD19 fargeted TRAIL expressing platelets that treat cancercus B cell
leukemias (BCL). CD19 targeted CAR-T cells have shown great promise in the clinic versus BCL.
TNF Superfamily Member (TRAIL) and Fas ligand (FASL) have been shown to induce BCL death
via apoptosis upon CD40 stimulation (See, Dicker et al. “Fas-ligand (CD178) and TRAIL
synergistically induce apoptosis of CB40-activated chronic lymphocytic leukemia B cells”. Blood,
2805, which is hereby incorporated by reference in its entiraty). CD40L is naturally exposed on
activated platelets (see, Henn et al. "CD40 ligand on activated platelets triggers an inflammatory
reaction of endothelial calls”. Nature, 1998, which is hereby incorporated by reference in its
entirety) and could thus activate FASL/TRAIL dependent cell death pathways when bound to BCL,
FASL is naturally exposed on activated platelets {See, Schigicher et al. "Platelets induce apoptosis
via membrane-bound Fasl”. Blood, 2015, which is hereby incorporated by reference in its
entirety). TRAIL expressing platelets have been used to decrease prostate cancer metastasis in
mice {See, Li et al. “Genetic engineering of platelets to neutralize circulating tumor celis”, Journal
of Controlled Release, 2016, which is hereby incorporated by reference in its entirety). In one
embodiment, a resting platelet presenting a CD19-single-chain variable fragment{scFv}-ITAM and
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containing TRAIL, CD40L, and FASL ligands is activated by binding of the CD19-scFv-1TAM with
CP19 on a B cell. Activation results in the presentation of TRAIL, CD40L, and FASL on the platelet
surface. Platelet-induced death of leukemia cells is mediated by binding of CD40L to the CD40
recaptor of the B cell to activate the FASL/TRAIL-dependent cell death pathways.

In certain embodiments, the progenitor, producer or effector-chassis may be engineered to direct
expansion of neoantigen specific T cells in vivo. Neocantigens are presented in many human
tumors and can be computationally identified. Expansion of T cells ex vivo and reinfusion results
in targeted tumor killing. Immune checkpoint inhibition allows for T celis to kill tumors expressing
negantigens {(however non-specificity results in severe side effects). Megakaryocytes can be
ivaded with MHC class 1 molecules with exogenous peptides and transfer these to platelets.
Neoantigens may be expressed in megakaryocytes, and an MHC class 1-ITAM fusion protein is
able to stimulate checkpoint inhibitors. This would allow in vivo expansion of necantigen specific
T cells. For example, a platelel may be engineered to exprass MHC1-Naoantigen-ITAM. Both the
engineered platelets and the T cell are activated by interaction of the MHC1-Neoantigen-ITAM
with a neocantigen specific T cell receptor (TCR}. Activation results in presantation of cytotoxic T-
fymphocyte assoeciated protein 4 (CTLA4) and programmed cell death 1 (PD-1) on the surface of
the platelet and interaction with CTLA4 inhibitor (CTLA4I) and PD-1 inhibitor (PD-1i), respectively,
on the T cell. Maximum T cell activation and expansion is reached by checkpoint blockade.

Accordingly in one embodiment the invention provides a progenitor, producer or effector-chassis
as described herein, or a therapeutic delivery system or a therapeutic targeted delivery system
or a non-thrombogenic therapeutic delivery system for use in the treatment or prevention of
disease.

A range of diseases may be treated or prevented using the componenis described herain, and
the skilled person is aware that the target binding domain of the one or more CPRs, universal
CPRs, complexes of universal CPRs and taggoed targeting peptides, SAPRs or ePARS

nead to be designed to bind to an appropriate target depending on the dissase to be
treated/prevented. In addition, the cargo that is Ipaded in to the progenitor, producer or effector-
chassis depends on the disease that is o be treated or prevented.

In some embodiments, the progenitor, producer or effector-chassis as described herein, or a

therapeutic delivery system or a therapeutic targeted delivery system or a non-thrombogenic
therapeutic delivery system can be used to vaccinate against a particular disease.
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In some embodiments, the disease, disorder, or condition may be, but is not limited o, a cancer,
an autoimmunity disease or disorder, genetic disease, cardiovascular disease and an infection,
for example a bacterial or viral infection, for example an infections with SARS-COV-2.

In some embodiments, the cancer is selected from any of the cancers described in paragraph
[0019] on page 9-11 of PCT/GB2020/053247 which is hereby incorporated by reference.

In some embodiments, the engineered platelets described hersin may be used to ireat

autoimmunity conditions.

In some embodiments, the autoimmunily disease or disorder is selected from any of the
autoimmunity diseases or disorders described in paragraph [0020] on page 11-12 of
PCT/GR2020/053247 which is hereby incorporated by reference.

In some embodiments, the progenitor, producer or effector-chassis described herein may be used
to supprass auloantigen specific T calls to treat autoimmune disease. In some embodiments,
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAFRs or
ePARs in the progenitor, producer or effector-chassis {for example engineered platelet) may
include a region specific to a tissue associate with the autoantigen. For example, the tissue is
selected from the group consisting of: adipose tissue, adrenal gland, ascites, bladder, blood,
bone, bone marrow, brain, cervix, connective tissue, ear, embryonic tissue, esophagus, eve,
heart, intestine, kidney, larynx, liver, lung, lymph, lymph node, mammary gland, mouth, muscie,
nerve, ovary, pancreas, parathyroid, pharynx, pituitary gland, placenta, prostate, salivary gland,
skin, stomach, testis, thymus, thyroid, tonsil, trachea, umbilical cord, uterus, vascular, and

spleen.

Table 12 on page 129-130 of PCT/GB2020/053247 which is hersby incorporated by reference
shows the molecular target and/or tissue target for a non-exhaustive list of neurological system
autoimmunity disorders from Hayter, et al; and Table 13 on page 130 of PCT/GB2020/053247
which is hereby incorporated by reference shows the molecular target and/or tissue target for a
non-exhaustive list of endocring system autoimmunity disorders from Hayter, et al.; Table 14 on
page 131 of PCT/GB2020/053247 which is hereby incorporated by reference shows the molecular
target and/or tissue target for a non-exhaustive list of gastrointestinal system autoimmunity
disorders from Hayter, et al; Table 15 on page 131 of PCT/GB2020/053247 which is hereby
incorporated by reference shows the molecular target and/or tissue target for a non-exhaustive
list of hematopoietic autoimmunity disorders from Hayier, el al.; Table 16 on page 132 of
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PCT/GB2020/053247 which is hereby incorporated by reference shows the molecular target
and/or tissue target for a non-exhaustive list of muscuioskelatal system autoimmunity disorders
from Hayter, et al.; Table 17 on page 132-133 of PCT/GB2020/053247 which is hersby
incorporated by reference shows the molecular target and/or tissue target for a non-exhaustive
list of cutaneous and mucous autoimmunity disorders from Havyter, et al.; Table 18 on page 133
of PCT/GB2020/053247 which is hereby incorporated by reference shows the molecular target
and/or tissue target for a non-exhaustive list of cutaneous autoimmunity disorders from Havier,
et al.; Table 19 on page 133 of PCT/GB2020/053247 which is hereby incorporated by reference
shows the molecular target and/or tissue target for a non-exhaustive list of cardiovascular
autcimmunity disorders from Hayter, et al.; Table 20 on page 134 of PCT/GB2020/053247 which
is hereby incorporated by reference shows the molecular target and/or tissue target for a non-
exhaustive list of other autoimmunity disorders from Havyier, &t al.

Various embodimants of the invention describad herein provide a method of reducing activity in
the immune system of a subject, the method comprising: administering to the subject a platelet
or engineered platelet that exprasses at least one SAPR, whersin the target binding domain of
the SAFPR comprises a major histocompatibility complex (MHC) molecule bound to a peptide
derived from a tumor antigen, a neocantigen, or an autoantigen. In some embodiments the
engineered platelet comprises an anti-inflammatory cytokine, for example IL-10. The skiiled

person is aware of other suitable anti-inflammatory cytokines.

In some embodiments, the SAPR expresses a MHC class I molecule. In some embodiments, the
SAPR expresses a MHC class II molecule. In some embodiments, the MHC molecule stimulates
an immune response to an antigen. In some embodiments, the antigen is associated with at least
one disease, disorder, or condition selected from the group consisting of: a cancer, an

autoimmunity, genetic disease, cardiovascular disease and an infection.

Various embodiments of the invention described herein provide a method of in vive gene editing
or gene therapy in a subject, the method comprising: administering to the subject an engineerad
platelet comprising a chimeric platelet receptor described herein specific to a tissue to be edited,
whaerein the engineered platelet is cloaking a viral particle such as an adenovirus or Sendal virus
inaded with genome engineering machinery; and releasing the genome machinery at the tissue.
In some embodiments, the genome machinery is a CRISPR/Cas gene editing system.

Various embodiments of the invention described herein provide a use of the therapeutic delivery

system previously described, wherein the chimeric receptor is specific to an antigen associated
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with the disease, disorder, or condition in treating a disease, disorder, or condition in a subject.
In some embodiments of the use described herein, the disease, disorder, or condition is selected
from the group consisting of: a cancer, an autoimmunity, genetic disease, cardiovascular disease

and an infection.

In some embodiments of the use described herein, the cancer may be, but is not limited to any
of the cancers described in paragraph [0030] on page 14-16 of PCT/GBZ020/053247 which is
hereby incorporated by reference,

In some ambodiments of the use described herein, the disease, disorder, or condition is an
autoimmunity such as, but not limited to, any of the autoimmunity diseases, disorders or
conditions described in paragraph [0031] on page 16 of PCT/GR2020/053247 which is heraby

incorporated by reference.

Various embodiments of the invention herein provide a therapeutic delivery system
comprising: (8) an engineered platelet presenting the chimeric platelst receptor, wherein the
engineered platelet has been produced through genetic modification of a progenitor
megakaryocyte to be non-thrombogenic and non-immunogenic, and optionally has been
engineered to have a reduced pro-inflammatory effect; and (b) at least one therapeutic agent
selected from the group consisting of: a cargo as defined herein, a toxin, a protein, a small
molecule drug, imaging agent, radionuclectide drugs, radionucieotide tagged antibodies, or
conjugate any thereof; and a nucleic acid packaged within a vesicle inside the platelet, i)
wherein the therapeutic agent is the nucleic acid or the protein, loading occurs through
expression in a progenitor megakaryocyte, or ii) wherein the therapeutic agent is loaded by
incubation of the engineered platelet with the therapeutic agent.

As described above, it is possible to produce platelets directly from iPSCs. In some embodimeants,
the platelets or platelet-like membrane-bound cell fragments, or engineered platslets or platelet-
like membrane-bound cell fragmeants described hersin may be produced using the technigue
described in Ito et al. (Cell, 174(3}: 6356-648.e18, 2018, which is hereby incorporated by
reference in its entirety}. o provides a method of clinical scale production of plateiets from iPSC
progenitors. Turbulence was observed to activate platelet biogenesis for clinical scale ex vivo
production of platelets from human-induced pluripotent stem cells (iPSCs) (Ibid.). iPSCs derived
from immortalized megakaryocyte progenitor cell lines (imMKCLs) were combined with soluble
factors insulin Like Growth Factor Binding Protein 2 (IGFBP2), macrophage migration inhibitory
factor (MIF}, and nardilysin convertase (NRDC) in a bioreactor with control over the physical
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parameters of turbulent energy and shear stress (Ibid.). Production of greater than 10! platelsts
were observed (Ibid.). Platelets were observed to function analogously to those derived from
donors (Ibid.).

In certain embodiments of the invention herein, the imMKCL may be established by introducing
cancer-derived MYC (c-MYC)/polycomb ring finger proto-oncogene {(BMI-1) and BCL2 | like 1
(BCL-XL) genes into the an iPSC of the invention using a lentivirus (for example wherein the iPSC
may comprise one or more of the engineering modifications described here). Additional genes
may be introduced or deleted resuiting in an edited megakaryocyte, in fact even platelet specific
promoters have been previcusly characterized. These genes provide inducible gene expression in
the presence of an agent, such as doxorubicin (DOX). The imMKCL may be cyropreserved until
cultivation is desired. Megakaryocyte expansion is stimulated by contacting the cell line with the
agent resulting expreassion of the inserted genes. The agent is removed to halt gene expression
and allow platelet production.

Current Federal Drug Administration (FDA)-approved rules for storage of platelets for transfusion
require storage at 22°C and must be used within 6 days. Slichter et al. “Treatment of Bleeding
in Severely Thrombocytopenic Patients with Transfusion of Dimethyl Sulfoxide (DMSO}
Cryopreserved Platelets {CPP) Is Safe - Report of a Phase 1 Dose Escalation Safety Trial”. Blood,
2016, which is hereby incorporated by reference in its entirety, hypothesizes cryopreservation is
possible for two years when frozen with DMSO. After a positive phase 1 trial, phase 2 and 3 trials
are underway. Infusion of up to three sequential units of cryopreserved platelets (CPP) in patients
with severe thrombocytopenia and active bleeding appeared to be “safe and without any evidence
of thrombotic complications despite CPP having a procoagulant phenotype resulting from the
cryopresarvation process.” Therefore, cryopresarved platelets likely have efficacy for stabilizing,
reducing, or stopping bleeding in thrombocytopenic patients as measured using the World Health
Organization (WHQ) bleeding grades. No evidence was found to undermine the hypothesis that
cryopraserved platelets used for non-clotting purposes would be as effective as platelets stored
according to the present FDA rules.

Various embodiments of the invention described herein provide a method of in vitro production
of platelats or platelet-like membrane-bound cell fragments, the mathod comprising: transfecting
a plurality immortal progenitor cells, for example induced pluripotent stem cell (iPSC) progenitors
with an expression system, wherein the expression system is induced by an agent not found in

an iPSC; establishing a megakaryocyte progenitor cell line by contacting the expression system
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with the agent to expand megakaryocyies; and engineering the megakaryocyte to have at lzast
one of the following:

insertion of a nucleic sequence encoding a chimeric platelet receptor previously
described;

insertion of 2 nucleic acid sequence encoding a toxin;

insertion of a nucleic acid encoding a cargo, for example a cargo that is a protein or
peptide, or an RNA for example an mRNA;

insertion of a nucleic acid encoding a therapeutic agent or imaging agent, for example
a therapeutic agent of imaging agent that is a protein or peptide, or an RNA for example
an mRNA for example a therapeutic agent or imaging agent;
deletion of or mutation in a nucleic acid sequence encoding a platelet receptor, mediator,
and/or signal transduction protein; and/or
deletion of or mutation in a nucleic acid sequence that results in the piatelet being less

immunogenic than a platelet without the delstion or mutation;

and removing the agent from the expression system to induce differentiation of the
megakaryocytes into platelets.

In some embodiments, the iPSC already comprises an expression system that has been
introduced into the iPSC and which is induced by an agent not found in the iPSC. Accordingly, in
some embodiments the invention provides a method for the in vitro production of platelets (or
Syniets as described herein}) wherein the method comprises establishing a megakaryocyte
progenitor cell line from an IPSC that comprises an expression systermn that had been introduced
into the iPSC (i.e. is 8 non-native exprassion system) wherein the expression system is induced
by an agent not found in the iPSC, wherein said establishing comprises contacting the expression
system with the said agent to expand megakaryocytes; engineering the megakaryocyte to have
at least one of the following;

insertion of a nucleic sequence encoding a chimeric platelet receptor previously
described;
insertion of a nucleic acid seguence encoding a toxin;
insertion of a nucleic acid encoding a cargo, for example a cargo that is a protein or
peptide, or an RNA for example an mRNA;

-119-



WO 2022/263824 PCT/GB2022/051512

insertion of a nucleic acid encoding a therapeutic agent or imaging agent, for example
a therapeutic agent of imaging agent that is a protein or peptide, or an RNA for example
an mRNA for example a therapeutic agent or imaging agent;
deletion of or mutation in a nucleic acid sequence encoding a platelet raceptor, mediator,
and/or signal transduction protein; and/or
deletion of or mutation in a2 nucleic acid sequence that resuits in the platelet being less
immunogenic than a platelet without the deletion or mutation;

and removing the agent from the expression system to induce differentiation of the
megakaryocytes into platelets.

In some embodiments, the method comprisas incubating the megakaryocyie progenitor cell line
with an exogenous cargo to be loaded into the megakaryocyte progenitor cell line. The exogenous
cargo may be any exogenous cargo whers it is considered 1o be beneficial to ioad the cargo into
the megakaryocyte progeniter cell line, for example a protein or peptide; a nucleic acid such as
an RNA or an mRNA, or a vector such as a DNA vector; a viral vector; a small molecule; a
therapeutic agent and/or an imaging agent, or an exgsome, for example an exosome pre-loaded
with a second cargo; or a nanoparticle or nanoparticies. Preferences for the cargo, and for
methods of loading the cargo, are described elsewhere herein,

In socme embodiments, the method comprises incubating the platelets produced from the
megakaryocyte progenitor cell line with an exogenous cargo to be loaded into the platelets. The
exogenous cargo may be any exggenocus cargo where it is considered to be beneficial to load the
cargo into the platelets, for example a protein or peptide; a nucleic acid such as an RNA or an
mRNA, or a vector such as a DNA vector; a viral vector; a small molecule; a therapeutic agent
and/or an imaging agent and/or an exosome, for example an exosome pre-ivaded with a second
cargo; or a nanoparticie or nanoparticles. Preferencas for the cargo, and for methods of loading
the cargo, are described elsewhere harein.

Gene symbols are used herein, along with ENSEMBL Gene IDs, to refer to genes from humans.
Unless otherwise noted, the gene name and ENSEMBL Gene (ENSG) IDs corresponding to each
gene symbol are shown in Table 1 on pages 19-23 of PCT/GB2020/053247 which is hereby
incorporated by reference . The unigue identifiers for each ENSEMBL entry in this table has been
modified to remove the first five leading zeros (0) of the identifier after the ENSG label.
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Symbols and names are used herein, along with ENSEMBL protein IDs, to refer to proteins from
humans. Unless otherwise noted, the protein name (if used {0 refer to the protein herein) and
symbol and ENSEMBL protein (ENSP) IDs corresponding to each symbol are shown in Table 2 on
pages 23-31 of PCT/GR2020/053247 which is hereby incorporated by reference. The unique
identifiers for each ENSEMBL entry in this table has been modified to remove the first five leading
zeros (0} of the identifier after the ENSP label.

CB3 or CD3 is also known as Cluster of differentiation 2 {multiple subunits). FCER2 or CD23 is
also known as {(IgE receptor. NTSE is also known as 5'-nucleotidase. F9, F10 is also known as
activated F2, F10. ACVRL1 is also known as activin receptor-like kinase 1. AFP is also known as
alpha-fetoprotein. ANGPTL3 is also known as angiopoietin 3. BSG or CD147 is also known as
basigin. APP or N/a is also known as beta-amyloid. CALCA is also known as calcitonin gene-related
peptide. CAS is alse known as carbonic anhydrase 9 (CA-IX). MYH7 is also known as cardiac
myosin. MET is also known as ¢-Met. F3 is also known as coagulation factor III. CLECGA is also
known as dendritic cell-associated lectin 2. EGFR or EGFR is also known as elongating growth
factor receptor. ENG is also known as endoglin. EPHAS is also known as ephrin receptor A3, FGB
or is also known as fibrin II, beta chain, FN1 is also known as fibronectin extra domain-B. FOLH1
is also known as folate hydrolase. FOLR2 is also known as folate receptor 2. FOLR1 is also known
as folate receptor alpha. FZD1 is also known as Frizzled receptor. B4GALNTL is also known as
GD2Z ganglioside. ST8SIAL is also known as GD3 ganglioside. MMPY is also known as gelatinase
B. TYRP1 or TYRP1 is alse known as glycoprotein 75. GPC3 is also known as glypican 3. CSF2RA
is also known as GMCSF receptor a-chain. IGF1IR or CD221 is also known as IGF-1 receptor.
IL31RA is also known as IL31RA. ITGAZB or CD41 is also known as integrin alpha-IIb. ITGAS is
also known as integrin a5. ITGB3 is aiso known as integrin alIbB3. ITGRY is also known as integrin
B7. IFNG is also known as interferon gamma. IFNARL, IFNARZ is also known as interferon a/B
recaptor. CXCL10 is also known as interferon gamma-induced protein. IL12A or [L-12 is also
known as interfeukin 12. IL13 or IL-13 is also known as interleukin 13, IL17A or IL17A is also
known as interleukin 17 alpha. IL17F or IL17F is also known as interleukin 17 F. IL2 or IL2 is also
known as interfeukin 2. IL22 or IL-22 is also known as interfeukin 22, IL23A or IL23 is aiso known
as interleukin 23. IL6 or IL6 is also known as interleukin 6. SELL or CD62L is also known as L-
selectin. MSLN is also known as mesothelin. MUCL is also known as mucin CanAg. MADCAML is
also known as mucosal addrassin cell adhesion molecule. MAG is also known as myelin-associated
glycoprotein. NECTING is also known as nectin-4. CASP2 is also known as neural apoptosis-
reqgulated proteinase 2. PTDSS1 is also known as phosphatidyiserine. PDGFRB is also known as
platelet-derived growth factor receptor beta. RHD, RHCE is also known as Rhesus factor. RSPO3
is also known as root plate-specific spondin 3. SELP is also known as selectin P. SAAL or SAAZ is
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also known as serum amyloid A protein. APCS is also known as sarum amvioid P component.
S1PR1 is also known as sphingosine-1-phosphate. MAPT is also known as tau protein. TNC is also
known as tenascin C. TNFRSF12A is aiso known as TWEAK receptor. VIM is also known as
vimentin, VWF is also known as von Willebrand factor. IL2RA or CD25 is also known as a chain
of IL-2raceptor.

It is clear to the skilled person that the invention provides various compositions comprising any
one or more of the progenitor, producer or effector-chassis, CPRs, universal CPRs, complexeas of
universal CPRs and tagged targeting peptides, SAPRs or ePARs, or delivery systems as described

herein.

The present teachings further comprise pharmaceutical compositions comprising one or more of
the progenitor, producer or effector-chassis of the invention, and optionaily at least one
pharmaceutically acceptable excipient or inert ingradient. Further, a pharmaceutical may

comprise the therapeutic delivery system described herein.

Preferences for the pharmaceutical compositions and dosage are as set out in paragraphs [0197]-
[237] of PCT/GB2020/053247 which is hereby incorporated by referenca.

At various places in the present specification, features or functions of the compositions of the
present disclosure are disclosed in groups or in ranges. It is specifically intended that the present
disclosure include each and every individual sub combination of the members of such groups and
ranges. The following is 2 non-limiting list of term definitions.

As used herein, the term “antigen” is defined as a molecule that provokes an immune response
when it is introduced into a subject or produced by a subject such as tumor antigens which arise
by the cancer development itsalf. This immune response may involve either antibody production,
or the activation of specific immunoelogically-competent cells such as cytotoxic T lymphocytes and
T helper cells, or both.

As used hersin, the term “approximately” or “about,” as appliad to one or more valuas of interest,
refers to a value that is similar to a stated reference value. In certain embodiments, the term
“approximately” or “about” refers to a range of values that fall within 2%, 20, 19, 18, 17, 1§, 15,
14,13, 12,11, 10,9, 8, 7,6, 5, 4, 3, 2, L, or less in either direction (greater than or less than)
of the stated reference value unless otherwise stated or otherwise evident from the context
{except where such number would exceed 100 of a possible value).
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As used herain, the terms “associated with,” “conjugated,” “linked,” “attached,” and “tethered,”
when used with respect to two or mare moisties, mean that the moleties are physically associated
or connected with one another, either directly or via one or more additional moieties that serve
as linking agents, to form a structure that is sufficiently stable so that the moieties remain
physically associated under the conditions in which the structure is used, e.qg., physiological
conditions. An “association” need not be strictly through direct covalent chemical bonding. It may
also suggest ionic or hydrogen bonding or a hybridization-based connectivity sufficiently stable
such that the “associated” entities remain physically associated.

As used herein, the term “cancer” refers a broad group of various diseases characterized by the
uncontrolled growth of abnormal cells in the body. Unregulated cell division and growth resulis
in the formation of malignant tumors that invade neighboring tissues ultimately metastasize to
distant parts of the body through the lymphatic system or bloodstream.

As used herein, the term “cytokines” refers to a family of small soluble factors with pleiotropic
functions that are produced by many cell types that can influence and regulate the function of
the immune system,

As used herein, the term “delivery” refers to the act or manner of delivering a compound,
substance, entity, moiety, cargo or pavyload. A “delivery agent” refers to any agent which
facilitates, at least in part, the in vivo delivery of one or more substances {including, but not
fimited to a compound and/or compositions of the present invention) to a cell, subject or other
biological system cells.

As used herein, embodiments of the invention described herain are “engineered” when they are
designed to have a feature or property, whether structural or chemical, that varies from a starting
point, wild type or native molecule.

As used herein, "expression” of a nucleic acid sequence refers {0 one or more of the following
events: (1) production of an RNA template from a DNA sequence {&.g., by transcription)}; (2}
processing of an RNA transcript (e.g., by splicing, editing, 5 cap formation, and/or 3’ end
processing); (3) transiation of an RNA into a polypeptide or protein; {(4) folding of a polypeptide
or protein; and (5} post-transiational modification of a polypeptide or protein.

As used herein, a “formulation” includes at lzast a compound and/or composition of the present
invention and a delivery agent.

As used herein, a “fragment,” as used herein, refers to a portion. For example, fragments of
proteins may comprise polypeptides obtained by digesting fuli-length protein. In some
embodiments, a fragment of a protein includes at least 3, 4, 5,6, 7, 8, 9, 10, 14, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 30, 55, 64, 65, 70, 75, 80, 85, 80, 95, 100, 150, 200,
250 or more amino acids. In some embodiments, fragments of an antibody include portions of
an antibody.
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As used herein, the term “an immune call” refers to any cell of the immune system that originates
from a hematopoietic stem cell in the bone marrow, which gives rise to two major lineages, a
myeloid progenitor cell {which give rise to myeloid cells such as monocytes, macrophages,
dendritic cells, magakaryocytes and granulocytes) and a lymphoid progenitor cell {which give rise
to lymphoid cells such as T cells, B cells and natural killer {NK) cells). Exemplary immune system
cells include a CD4+ T cell, a CDB+ T cell, a CD4— CD8~ double negative T cell, a T v cell, a
Tap cell, a regulatory T cell, & natural killer cell, and a dendritic cell. Macrophages and dendritic
cells may be referred to as “antigen presenting cells” or "APCs,” which are specialized cells that
can activate T cells when a major histocompatibility complex (MHC) receptor on the surface of
the APC complexed with a peptide interacts with a TCR on the surface of a T ceall.

As used herein, the term “in vitro” refers to events that occur in an artificial environment, e.q.,
in a test tube or reaction vessel, in cell culture, in a Petri dish, etc., rather than within an organism
{e.g., animal, plant, or microbe).

As used herein, the term “in vivo” refers o events that occur within an organism (e.g., animal,
plant, or microbe or cell or tissue thereof).

As used herein, a “linker” or “argeting domain” refers to g portion of a chimeric platelet receptor
that recognizes and binds a desired antigen.

As used herein, a "checkpoint factor” is any moiely or molecule whose function acts at the
junction of a process. For example, a checkpoint protein, ligand or receptor may function to stali
or accelerate the cell cycle.

As used herein, the term "messenger RNA”Y (mRNA) refers {0 any polynucieotide which encodes
a polypeptide of interest and which is capable of being translated to produce the encoded
polypeptide of interest in vitro, in vivo, in situ, or ex vivo.

As used herein, the term "mutation” refers to a change and/or alteration. In some embodiments,
mutations may be changes and/or alterations to proteins (including peptides and polypeptides)
and/or nucleic acids {including pelynucleic acids). In some embodimeants, mutations comprise
changes and/or alterations to a protein and/or nucleic acid seguence. Such changes and/or
alterations may comprise the addition, substitution and or deletion of one or more amino acids
(in the case of proteins and/or peptides) and/or nucleotides (in the case of nucleic acids and or
polynucieic acids e.g., polynuclestides). In some embodiments, wherein mutations comprise the
addition and/or substitution of amino acids and/or nucleotides, such additions and/or
substitutions may comprise 1 or more amino acid and/or nucleotide residues and may include
modified amino acids and/or nucleotides. The resulting construct, molecule or seguence of a
mutation, change or alteration may be referred to herein as a mutant.

As used herein, the term “neoantigen”, as used herein, refers to a tumor antigen that is present
in tumor cells but not normal cells and do not induce deletion of their cognate antigen specific T
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cells in thymus (i.e., central tolerance). These tumor necantigens may provide a “foreign” signal,
similar to pathogens, to induce an affective immune response needed for cancer immunotherapy.
A neoantigen may be restricted to a specific tumor. A neoantigen be a peplide/protein with a
missense mutation (missense negantigen), or a new peptide with long, completely novel stretches
of amino acids from novel open reading frameas (neoORFs). The neoORFs can be generated in
some tumors by out-of-frame insertions or deletions {due to defects in DNA mismatch repair
causing microsateliite instability), gene-fusion, read-through mutations in stop codons, or
transiation of improperly spliced RNA (e.g., Saeterdal et al., Proc Natl Acad Sci USA, 2001, 38:
13255-13260, which is hereby incorporated by reference in its entirety).

As used hereain, the term “pharmaceutically acceptable excipient,” as used herein, refers to any
ingredient other than active agenis (e.g., as described herein) present in pharmaceutical
compaositions and having the properties of being substantially nontoxic and non-inflammatory in
subjects. In some embodiments, pharmaceutically acceptable excipients are vehicles capable of
suspending and/or dissolving active agents. Excipients may include, for example: antiadherants,
antioxidants, binders, coatings, compression aids, disintegrants, dyes (colors), emollients,
emulisifiers, fillers (diluents), film formers or coatings, flavors, fragrances, glidants (flow
enhancers), lubricants, preservatives, printing inks, sorbents, suspending or dispersing agents,
sweeteners, and waters of hydration. Exemplary excipients include, but are not limited to:
butylated hydroxyioluene (BHT), caicium carbonate, calcium phosphate (dibasic), caicium
stearate, croscarmeliose, crosslinked polyvinyl pyrrolidone, citric acid, crospovidone, cysteine,
ethylcellulose, gelatin, hydroxypropyl cellulose, hydroxypropyl methyicellulose, lactose,
magnesium  stearate, maltitol, mannitol, methionine, methylceliulose, methyl paraben,
microcrystatline cellulose, polyethylene glycol, polyvinyl pyrrolidone, povidone, pregelatinized
starch, propyl paraben, retinyl palmitate, shellac, silicon dioxide, sodium carboxymethyl celiulose,
sodium citrate, sodium starch giycolate, sorbitol, starch {corn), stearic acid, sucrose, talg,
titanium dioxide, vitamin A, vitamin E, vitamin C, and xylitol,

Pharmaceutically acceptable salts of the compounds described herein are forms of the disclosed
compounds wherein the acid or base molety is in its salt form (&.g., as generated by reacting a
free base group with a suitable organic acid). Examples of pharmaceutically acceptable salts
include, but are not limited to, mineral or organic acid salis of basic residues such as amines;
atkali or organic salts of acidic residues such as carboxylic acids; and the like. Representative
acid addition salts include acetate, adipate, alginate, ascorbate, aspartate, benzenesuifonate,
benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digiuconate, dodecylisuifate, athanesuifonate, fumarate,
giucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanocate, hydrobromide,
hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
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sulfate, malate, malsate, malonate, methanesulfonate, 2-naphthalenesuifonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenyipropionats,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanats,
toluenesulfonate, undecanoate, valerate salts, and the like. Representative alkali or alkaline earth
metal salts include sodium, lithium, potassium, calcium, magnesium, and the like, as well as
nontoxic ammonium, guaternary ammonium, and amine cations, including, but not limited to
ammonium, fetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, ethyiamine, and the like. Pharmaceutically acceptable salts
include the conventional non-toxic salts, for example, from non-toxic inorganic or organic acids.
In some embodiments, a pharmaceutically acceptable salt is prepared from a parent compound
which contains a basic or acidic moiety by conventional chemical methods. Generally, such salis
can be prepared by reacting the free acid or base forms of these compounds with a stoichiometric
amount of the appropriate base or acid in water or in an organic solvent, or in @ mixture of the
two; generally, nonagueous media like ether, ethyl acetate, ethanol, isopropano!, or acetonitrile
are preferred. Lists of suitable salts are found in Remington’s Pharmaceutical Sciences, 17th ed,,
Mack Publishing Company, Easton, Pa., 1985, p. 1418, Pharmaceutical Salis: Properties,
Selection, and Use, P.H. Stahl and C.G. Wermuth {eds.), Wiley-VCH, 2008, and Berge et al.,
Journal of Pharmacsutical Science, 66, 1-19 {1977), each of which is incorporated herein by
reference in its entirety.

As used herein, the term “subject” or “patient” refers to any organism to which a compaosition in
accordance with the invention may be administered, e.g., for experimental, diagnostic,
prophylactic, and/or therapeutic purposes. Typical subjects include animals {e.g., mammails such
as mice, rats, rabbits, non-human primates, and humans) and/or plants.

As used herein, the term “T cell” refers to an immune cell that produces T cell receptors (TCRs).
As used herein, the term “T cell receptor” (TCR) refers to an immunoglobulin superfamily member
having a variable antigen binding domain, a constant domain, a transmembrane region, and a
short cytoplasmic tail, which is capable of specifically binding to an antigen peptide bound to a
MHC receptor. A TCR c¢an be found on the surface of a cell or in soluble form and generally is
comprisad of a3 heterodimer having a and B chains (also known as TCRa and TCRB, respectively),
or v and & chains (also known as TCRy and TCR3, respectively). The extraceliular portion of TCR
chains {&.g., a-chain, B-chain} contains two immunoglobulin domains, a variable domain (e.g.,
g-chain variable domain or Vg, @-chain variable domain or VR) at the N-terminus, and one
constant domain (e.q., g-chain constant domain or Ca and B-chain constant domain or CB,)
adjacent to the cell membrane. Similar to immunogiobulin, the variable domains contain

complementary determining regions (CDRs) separated by framework regions (FRs).
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As used herein, the tarm “therapeutically effective amount” means an amount of an agent to be
delivered (e.g., nucleic acid, drug, therapeutic agent, diagnostic agent, prophylactic agent, etc.)
that is sufficient, when administered to a subject suffering from or susceptible to an infection,
disease, disorder, and/or condition, to treat, improve symptoms of, diagnose, prevent, and/or
delay the onset of the infection, disease, disorder, and/or condition. In some embodiments, a
therapeutically effective amount is provided in a single dose. In some embodiments, a
therapeutically effective amount is administered in a dosage regimen comprising a plurality of
doseas. Those skilled in the art appreciate that in some embodiments, a unit dosage form may be
considered to comprise a therapeutically effective amount of a particular agent or entity if it
comprises an amount that is effective when administered as part of such a dosage regimen.

As used herein, the terms “treatment” or “treating” denote an approach for obtaining a beneficial
or desired result including and preferably a beneficial or desired clinical result. Such beneficial or
desired clinical resuits include, but are not limited to, one or more of the following: reducing the
proliferation of {or destroying) cancerous celis or other diseased, reducing metastasis of
cancerous cells found in cancers, shrinking the size of the tumor, decreasing symptoms resulting
from the disease, increasing the quality of life of those suffering from the disease, decreasing the
dose of other medications reguired to treat the disease, delaying the progression of the disease,
and/or prolonging survival of individuals.

As used herein, the term “therapeutic agent” refers to a biolegical, pharmaceutical, or chemical
compound. Non-limiting examples include simple or complex organic or inorganic molecule, a
peptide, a protein, an oligonuclestide, an antibody, an antibody derivative, antibody fragment, a
receptor, and a soluble factor.

EQUIVALENTS AND SCOPE

Those skilled in the art recognize, or be able to ascertain using no more than routine
experimentation, many squivalents to the specific embodiments in accordance with the invention
described harein. The scope of the present invention is not intended to be limited to the above
Description, but rather is as set forth in the appended claims.

FZARN

In the claims, articles such as “a,” “an,” and “the” may mean one or more than one uniess
indicated to the contrary or otherwise evident from the context. Claims or descriptions that
include “or” between one or mors members of g group are considered satisfied if one, more than
one, or all of the group members are present in, employed in, or otherwise relevant to a given
product or process unless indicated to the contrary or otherwise evident from the context. The
invention includes embodiments in which exactly one member of the group is present in,

employed in, or otherwise relevant to a given product or process. The invention includes
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embodiments in which more than one, or the entire group members are present in, emplovad in
or otharwise relevant to a given product or process,

It is also noted that the term “comprising” is intended o be open and permits but does not require
the inclusion of additicnal slements or steps. When the term “comprising” is used herein, the
term “consisting of” is thus also encompassed and disclosed.

Where ranges are given, endpoints are included. Furthermore, it is to be understood that unless
otherwise indicated or otherwise evident from the context and understanding of one of ordinary
skill in the art, values that are expressed as ranges can assume any specific value or subrange
within the stated ranges in different embodiments of the invention, to the tenth of the unit of the
lower limit of the range, unless the context clearly dictates otherwise.

In addition, it is to be understood that any particular embodiment of the present invention that
falls within the prior art may be explicitly excluded from any one or more of the claims. Since
such embodiments are deemed to be known to one of ordinary skill in the art, they may be
exciudad even if the exciusion is not set forth explicitly herein. Any particular embodiment of the
compaositions of the invention (e.g., any antibiotic, therapeutic or active ingredient; any method
of production; any method of use; etc.) can be excluded from any one or more claims, for any
reason, whether or not related to the existence of prior art.

It is to be understood that the words which have been used are words of description rather than
iimitation, and that changes may be made within the purview of the appended ciaims without
departing from the true scope and spirit of the invention in its broader aspects.

Described herein are compositions and methods for the design, production, administration,
and/or formulation of engineered platelets described herein. In some embodiments, the
engineered platelets may carry cargo in the vesicles for delivery on activation by a target, which
does not activate wild-type platelets. In some embodiments then the engineered platelets of the
invention carry cargo in the vesicles for delivery on activation by a target, wherein the target
does not activate wild-type platelets. For example the target to which the CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR or ePAR binds is not a target that
would typically activate wild-type platelets, but which does activate the engineered platelet
through the interaction with the target-binding CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR.

The present invention is further illustrated by the following non-limiting examples. Although any
materiais and methods similar or equivaient to those described herein can be used in the practice
or testing of the present invention, the preferred materials and methods are now described. Other
features, objects and advantages of the invention will be apparent from the description. In the
description, the singular forms also include the plural unless the context clearly dictates
otherwise. Unless defined otherwise, all technical and scientific terms used herein have the same

- 128 -



WO 2022/263824 PCT/GB2022/051512

meaning as commonly understood by one of ordinary skil in the art to which this invention
belongs. In the case of conflict, the present description will control.

Figure legends

Figure 1 - genome editing optimization/guide ID. A} Schematic of CRISPR guide selection and
screening procedure. B) Guide KO generation efficiency (as predicted by Synthego ICE algorithm)
within a pools of iPSCs. €} Summary and repetition of highest efficiency guide nucleofection. N=2
per result, error bars indicate standard deviation.

Figure 2 - Sequential editing process -> 7xKO. A} Schematic of sequential knock-out approach.
B} Quantification of viable cell number during sequential KO approach. Viable cells identified
based on exclusion of PI stain. €} Pooled knock-out efficiencies throughout sequential KO
approach. Al each Cas9 RNP nucleofection svent, half the celis were taken for genomic DNA
extraction and amplicons for all previous target sites were amplified and screened for their KC
level using Synthego ICE.

Figure 3 - 7xKO clone identification. A} Table showing Synthego ICE resulls for gene KOs within
clones produced from a single cell sort of the 7xKO pool. B) Repetition of Synthego ICE analysis
on amplicons generated from further expanded clones where results were absent in {A}.

Figure 4 - 7xKO pool of cells forward programs towards a megakaryocyte like phenotype. A} Flow
cytometry based MK differentiation marker panel and viability analysis on 7<KO pool 10 days post
forward programming induction using doxycycline, Performed in both unedited and 7xKO pool.
B} As in {A}, however 13 days post forward programming induction.

Figure 5 -~ 7xKC pool of cells is not activated by standard agonist. A) Microscopy images of
unedited MKs and 7xKO pools, stained for P-Selectin at day 13 post doxycycline addition,
following fixation. B} As in {&}, howsver after the addition of TRAPE (10uM) and CRP (10ug/mi}
for 30 minutes, followed by fixation. €} Flow cytometry assay of P-Selectin exposure in MKs
stimuiated with 300 ng/mL of PMA. Vehicle control or PMA was added to live MKs and histograms
shown are of P-Selectin staining 7-10 minutes post agonist/vehicle addition. This assay was
performed on a 7xKO clone {(not pool) and done on day 15 post doxycycline addition.

Figure 6 - Receptor design and lentiviral transduction. A) CPR receptor design IDs. B) Schematic
of CPR expression vectors packaged within in lentivirus. CPRs listed in A and mCherry expressed
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as a multicistronic transcript through the use of T2A sequence. Expression is driven by the EFla
promoter. €} Microscopy images of IPSCs transduced with lentivirus expressing CPR sequences
in {A), 2 days post transduction

Figure 7 - Receptor expression on iPSC cell surface. A) CPR receptor design IDs. 8} mCherry
expression and CPR surface localisation as assayed by CD19-FITC based staining for CPR
expression. 10 days post transduction with lentivirus.

Figure 8 - Receptor expressing celis FoP and retain expression. A) Flow cytometry based MK
differentiation marker panel and viability analysis on CPR3 expressing cells 10 and 16 days post
forward programming induction using doxycycline. B) CPR3 surface expression guantified using
FMC&3-FITC staining of CPR3 expressing MKs and unstained MKs 10 davys post doxycyclineg
addition.

Figure 8 - Receptor expressing MKs activate/degranulate in response to CD19 +ve cells. &)
Microscopy images of P-Salectin staining on fixed MKs expressing CPR3 or untransduced controls
foliowing 30 minutes of incubation with either BJABs (CD18+ve B cells) or Jurkats {(CD19 negative
T cells). B} Flow cytometry guantification of P-Selectin staining of samples imaged in {A}.

€} MFI fold change of P-Selectin staining in indicated comparisons. MFI calculated foliowing
background subtraction, and performed within CD42 positive MK cell population.

Figure 10 - schematic demonstrating the reduced thrombogenic potential of the platelets of the

invention.

Figure 11 - taken from MALIK, N, JENKINS AM, MELLOM ], BAILEY G.
Regen.Med (2019)14(11),983-98%

Figure 12 - taken from Ye, G et al (2020} Cell Proliferation, DOI: 10.1111/¢cpr. 12946, Strategic
gene editing of hPSCs o supprass the immune response. (A} Schematic structure of HLA class

and class I molecules. {(B) Strategic gene editing of hPSCs to suppress the immune response.

Figure 13. Pleiotropic effacts resulting from the interaction of CD40+ T cells, activated by CD40L+
platelets, or soluble CD40L with immune and non-immune cells. From: The CD40/CD40L
costimulatory pathway in inflammatory bowel disease Danese et al 2004 Gut 53: 1035-1043
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Figure 14: TGF-B-mediated escape from NKG2ZD-mediated tumour immunorecognition by
cytotoxic lymphocytes. NKGZD down-regulation on  cytotoxic lymphocytes impairs their
immunosurveillance of NKG2DL-expressing malignant cells and subsequent tumour elimination.
Tumour cells release both seoluble TGF-§ and TGF-B-containing exosomes locally and systemically
acting on NK cells and cytotoxic T lymphocytes (CTL), thereby inducing downregulation of NKG2D.
In addition, tumour-derived exosomes may contain NKG2DLs and miRNA with the capacity to
down-requlate NKGZD surface expression. TGF-B also acts on tumour cells in an autocrine or
paracrine manner thereby reducing NKGZDL expression and further subverting cancer
immunosurveillance by the NKG2D-NKG2ZDL axis. Other major source of TGF-f are platelets as
weil as regulatory T cells (Tregs) and myeloid derived suppressor cell. From: Impairment of
NKG2D-Mediated Tumor Immunity by TGF-$; Front. Immuneol., 15 November 2019

hitps://doborg/10.33839/fimmu, 2018, 02889

Figure 15: The intimate crosstalk between platelets and cancer: TGFb. (A} EMT induction in cancer
cells is a key mechanism involved in piatelet-mediated metastasis formation and is characterized
by reduced levels of typical epithelial markars and increased exprassion of many mesenchymal
markers with prothrombotic properties. This leads to the activation of platelets by cancer cells
and the relsase of TXAZ, which binds to the platelet receptor TP, allowing the amplification of the
platelet response. PGE2, PDGF, and TGF-$ are platelet-derived mediators that mediate the
induction of EMT, thus leading to tumour invasion and metastasis formation. (B) Platelets promote
metasiasis by providing cancer cells with protection from immune surveillance due to the so-
called "platelet mimicry” phenomenon, characterized by the transferring of platelet proteins to
cancer cells, including the MHC-I. The resulting "phenotype of false pretenses" disrupts
recognition of tumour cell missing self, thereby impairing cytotoxicity and IFN-y production by
NK cells. Also, GARP activates latent TGF-8, promoting the suppression of immunea response {o
cancer cells mediated by regulatory T cells. Platelet release of TGF-f impairs interferon-y
production and NK cell cytotoxicity.

Figure 16: 3xKO Pool frequency determination.
Frequency was determined using the ICE analysis software (Synthego) as described in Example
5.

Figure 17: 3xKO pool Forward Programming efficiency

A} Flow cytometry based MK differentiation marker panel and viability analysis of 3xKO pool 10
days post forward programming induction using doxyeycline. Performed in both unedited and
7xKG pool. Further method details on forward programming and markers can be found in exmaple
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6. Performed on (A) 3xKO ITGAZB/HPS1/PARY pool, (B) 3xKO ITGAZB/HPS1/P2Y12 pool and (C)
wildtype, unedited.

Figure 18: B2M guide screening
Frequency was determined using the ICE analysis software (Synthego) as described in Example
5.

Figure 19; GARP/LRCC32 knock-out guide screening
Freguency was determined using the ICE analysis software (Synthego) as described in Example
5.

Figure 20: CAR expression on surface of PLPs derived from PBMKs. Anti-CD 19 targeted with anti-
FMC6E3 antibody

Adult, peripheral blood derived HSCs were driven to differentiate into megakaryocytes using a
cocktail of cytokines in Stemspan SFEMZ (Stemspan 100x MK Supplement, Stem Cell
Technologies, Catalog Number {(2696). At day 7 post differentiation induction, cells wers
transduced with lentivirus 1 particles (Figure 64,8}, At day 10, surface expression of the CAR was
assayad using an anti-CAR antibody. In addition, PLPs were generated from these now
differentiated PBMKs and show to contain both soluble mCherry and surface CAR exprassion. PLPs

were generated from MKs by culture in RPMI high-glucose for a period of 6 hours.

Figure 21: CAR expression on surface of PLPs derived from IPSC-MKs transduced with lentivirus
Schematic of iPSC forward programiming and lentivirus addition protocol (at day 10) for Figure
22, 24 and 25.

Figure 22: CAR expression on surface of PLPs derived from iIPSC-MKs

Following lentiviral transduction of iPSCs undergoing forward programming towards the
megakaryocyte lineage, cells were assayed at day 15 for their expression of surface level CAR
using a2 CAR binding antibody. iPSC-MKs expressed surface level CAR dose-responsively with
amount of virus used at day 10 for transduction (85 measured by MOI). PLPs derived from these
iPSC-MKs exhibited similar MOI dependent dose responsiveness.

Figure 23: RNA loading in MKs and PLPs. (A) Schematic design of RNA loading strategy. BASPI
is a luminal exosome protein, and so fusion of it to L7Ae a hairpin binding protein should permit
ioading of RNA into PLP exosomes. (B) FoP iPSC megakaryocytes were nucleofected with plasmid
exprassing minimal BASP1-mScariet-L7Ae fusion protein, plated on Fibrinogen three days later
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{at D16 post differentiation), and imaged following fixation (2% formaldehyde) on Zeiss Cell
Discoverer 7 at 50x objected with 0.5x Tube lens. Prior to imaging cells were permeabilized (PBS
+ 0.3% TWEENZ2O) subsequently stained with Mouse anti-CD62P (AbCam ab255822) + Goat anti
Mouse Alexa Fluor Plus €47 (Invitrogen}.

Figure 24: CD34/41 KO iPSC derived MKs exhibit robust CAR expression

Following lentiviral transduction of CD34 and CD41 KO iPSCs at day 10 undergoing forward
programiming towards the megakaryocyte lineage, cells were assayed at day 13 for their
expression of surface level CAR using a CAR binding antibody.

Figure 25: 7xK0 iPSC derived MKs exhibit robust CAR expression

Following lentiviral transduction of clonal 7xK0O iPSCs at day 10 undergoing forward programming
towards the megakaryocyte lineage, cells were assayed at day 13 for their expression of surface
fevel CAR using a CAR binding antibody. This 7xKO iPSC clone corresponds to clone 34 identified

in Figure 3.

EXAMPLES

Example 1. Establishing piatelet production in a laboratory

iPSC-iMKCL are obtained from the Koji Eto Lab at Megakaryon Corporation (Kyoto office/Kyoto
Lab: Kyoto Research Parl, 93,Awatacho,Chudoii, Shimogyo-ku,Kyoto, 600-8815, JAPAN and the
Tokyo office: 337 Bildg #1, The University of Tokyo Institute of Medical Science 4-6-
1,Shirckanedai, Minato-ku,Tokyo, 108-8639, JAPAN, in addition to a VERMES™ bioreactor
{Satake Multimix) to allow rapid, high-guality platelet production.

Alternatively, a megakaryocyte line of choice, chosen after consultation with key opinion leaders
{KOLs) are obtained and cultured. Back-up cell lines are established and stored at -80°C. Platelet
production may take place in a VERMES™ bioreactor, or in a shaking flask with the six factors
identified Ito et al., Cell, 174(3): 636-648.e18, 2018, which is hereby incorporated by referance
in its entirety. The method is hypothezied to vield about 2.4x10° platelets/ml in three days). A
hybrid approach combining the techniques described herein also may be used. For example,
Meg01 cells (ATCC® CRL-2021™ from Sigma Aldrich) may be combined with the six factors in a
bioreactor with turbulence to result in less clinical translation.

Anin vitro assay for CD62 (specifically displayed on platelets on activation) may be performed to
ensure the platelets are active. For example, platelet CD62 is measured using flow cytometry
prior to activation. Adenosine diphosphate (ADP), thrombin, or collagen is added to activate
platelets, then percent of surface exposure of CD62 is measured,
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Once the progenitor cell line is established, it can be edited before platelet production. Genes
may be knocked out, such as genes that affect the thrombogenicity of a platelet. Cas9 may be
introduced to the megakaryocytes using a retrovirus to assist the editing process. Then, guide
RNA (gRNA) electroporation is performed. A tracking of indels by decomposition {TIDE) analysis
is performed to confirm the knockout of desired regions.

The cloning efficiency of celis also is measured to ensure the cells can be singly plated and grown
up. In some embodiments of the invention described herein, the function of the edited platelets
is measured using in vitro assays of platelet function, for example, microfluidic chips are
commercially available to test aggregation.

Then, the platelets are moved to in vivo function testing. A mouse model as shown in Boulaftali
et al. 2013, where endogenous mouse platelets can be depleted, may be used (See, Boulaftali ot
al. “Platelet ITAM signaling is critical for vascular integrity in inflammation”. JCI, 2013, which is
hersby incorporated by reference in its entirety}. Aline of CLEC-2 knock-out (KO) human plateiets
is generated to act as a control line.

The non-thrombogenic platelets (CLEC-2 and vascular endothelial cadherin (ve}) are combined
with a dye or beta-gal (B-Gal). Each mouse is transfused with a mix of control (CLEC-2) human
platelets and non-thrombogenic edited platelets. The mouse is injured according to the protocol
of an assay, such as hemoglebin (Hb) skin accumulation or tail vein bleeding time.

Any clot formed as a resull of the assay is observed for the presence of edited platelets. The mice
are treated with rhodocytin {8 snake venom component that acts through CLEC-2) to trigger
CLEC-2 dependent platelet aggregation of the edited platelets. Mice are examined for the
prasence of a clot. If no clot is present, the edited platelets are truly non-thrombogenic.

To test whether the edited platelets can be activated by an engineered stimulus using a CPR,
CPRs were designed between known ITAM containing platelet receptors {(GPVI, CLEC-2, and
FCgR2A} and a model single chain antibody specific to an antigen (e.g. CD19). The construct is
introduced either as an additional copy or by knock-in to the endogenous platelet recaptor locus
to replace the cognate extraceliular domain of the receptor. The CPR expressing platelets
aregenerated in vitro and exposed to a cell line expressing CD19 {e.g., NALM-6 cell ling) and &
control CD19 negative cell line {e.g., B16 melanoma cell line).

The ability of the CPR expressing platelets to subsequently activate in response to the presence
of CD19 is assayed in vitro through microscopy. In some embodiments, a gene (e.g., TRAIL) is

exprassed to increase cytotoxicity by the engineered platelets.
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Using a similar technigue, the CPR is engineerad to include portions of known ITAM containing
platelet raceptors (GPVI, CLEC-2, and FCgR2A) and single chain MHC class 1 and MHC class 2
receptors. The variant of MHC receptor used depends on the model used, e.g. New York
esophageal squamous cell carcinoma 1 {NY-ES0O-1) from Actarte Biologics. The construct is
introduced as either an additional copy or by knock-in to the endogenous platelet receptor locus
replacing its cognate extracellular domain. These CPR-expressing platelets are produced in vitro,
and a peptide antigen is added to the sample. The CPR-expressing platelets are exposed toa T-
cell line responsive to peptide-MHC {(or to a naive batch of mixed T cells), and T call response o
exposure is observed. The platelets are loaded with different cytokine cocktails to determine
whether the T cell response can be modified.

Example 4. Testing non-thrombogenic CPR-expressing platelets in vivo

Non-thrombogenic platelets derived from a CDR19 expressing melanoma cell line {or other
melanoma cell line) are engineered o contain CTLA4 and PD-1 antibodies either passively or
through retroviral transduction. Immunocompetent mice are treated with these platelets and
checked for melanoma treatment.

Using the CD18 Naim-6 B Cell leukemia model, TRAIL is expressed in non-thrombogenic platelets.
FASL and CD40L are already present, which synergize with TRAIL o induce B Cell leukemia death.
NOD scid gamma mice {(NSG) mice having a tumor are treated with the engineered platelets. The
mice are observed for a therapeutic benefit to validate the approach.

Alternatively, experimental autoimmune encephalomyelitis (EAE) is induced in mice using
previously described protocol {(vaccinated with maltose binding protein (MBP)). Human platelets
with mouse MHC and/or L8057 mouse cells with mouse MHC are loaded with MBP peptide used
for immunization. Further, platelets are loaded with at least one of cylotoxic components {to kill
off specific cells) and TGF-8 and other anti-inflammatories. A well-defined clinical score system
is used to establish whether the above is an effective model system for testing the efficacy of
nen-thrombogenic CPR-expressing platelets in vivo.

Example 5 - Materials and methods for Example 6 and 7

CRISPR guide design
Guides were designed by identifying the first common exon of the target exon of a gene. This

axon was used as input to the CRISPOR algorithm for guide selection. Four guides per target
gene were chosen based on their distribution across the exon and their specificity score, listed in
tabie 21.
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Lentiviral iPSC transduction

Replication deficient lentiviral particles containing CPR constructs and mCherry were produced by
Flash Therapeutics. hiPSC lines were routinely transduced by 18-24h single exposure to LVPs
using multiplicity of infection of 100 in presence of 10 pg mi~! Protamine Sulfate {Sigma) in routine

culture medium.

iPSC cloning
HiPSCs were cloned by single cell sorting into 96 well plates. The day prior to sorting, iPSCs were

treated with CloneR {Stem Cell Technologies). 96 well plates were coated with Biclaminin 521 LN
(Biolamina). CloneR was kept in the media until day 2 post sorting. Colonies were harvested 15-
20 davs post sorting, by treating wells with ReLeSr and replating colonies into 24 well plates.

Flow cvtometry and staining

Single-cell suspensions were stained for 20 min at room temperature using combinations of FITC-
, PE-, PE-Cy7~, APC~-, and APC-H7-conjugated antibodies. Background fluorescence were set
against fluorochrome-matched isotype control antibodies and compensation matrices defined
using single colour-stained cells.

RISPR editing - screenin
24 hours prior to nuclesfection media was swapped for CloneR containing media. On the day of
nucleofection, 1 yl of 61 pmol/ul of Alt-R HiFi Cas9 V3 (Integrated DNA Technologies) was mixed
with 2 yt of 91.5 pmol/uyl of sgRNA in TE (Synthego) (8 1:3 molar ratio) directly and incubated
for at least 1 hour at room temperature. 100,000-500,000 HiPSCs per nuclecfection were
harvested with GCDR (Stem Cell Technologias). Harvested cells were spun down and resuspended
in 20 gk nucleofection buffer P3 (Lonza). Cas9/gRNA mix was then added to the 20 ul cell/buffer
P3 mibx, then nucieofaction was performed using 16-wall Nucleocuvette Strip with 4D Nucleofector
system (Lonza). Following nucleofection, B0 uyl of media was added to the nucleocuvette weli,
and cells were replated into & single well of a 24 well plate, in CloneR containing media. Media

was changed two days later for mTeSR Plus.

CRISPR editing - seguential
24 hours prior to nucieofection media was swapped for CloneR containing media. On the day of

nuclecfection, 5 pi of 61 pmol/ul of Alt-R HiFi Cas® V3 (Integrated DNA Technologies) was mixad
with 10 ul of 1.5 pmol/ul of sgRNA in TE (Synthego) (& 1:3 molar ratio) directly and incubated
for at least 1 hour at room temperature. 1 - 2.5 million HIPSCs per nucleofection were harvasted
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with GCDR (Stem Cell Technologies). Harvested cells were spun down and resuspended in 100
pl nucleofection buffer P3 (Lonza). Cas9/gRNA mix was then added to the 100 yl cell/buffer P3
mix, then nucleofection was performed using the 100 ulL Nucleocuvette with 4D Nucleofecior
system (Lonza). Following nuclecfection, 400 ul of media was added to the nucleocuvette weli,
and cells were replated into two wells of a & well plate and one well of a 24 well plate, in CloneR
containing media. Media was changed two days later for mTeSR Plus. Cells were given 3-4 days
total to recover, before the subseguent nucleofection was performed.

CRISPR KO guantification
Genotyping was performed by first harvesting HiPSC calls using GCDR or RebaSr. Genomic DNA

was extracted using Kapa Express Extract Kit (Roche) foliowing manufacturers instructions.
Following genomic DNA extraction, the targeted genomic region was amplified using target locus
specific primers {See table 2). PCR fragments were PCR purified and submitted for Sanger
Sequencing {Source Bioscience). These sequences weare then input into the ICE analysis software
{Synthego) and thus editing efficiencies weare quantified.

IPSC Cell culture and forward programming to MK

The iPSC cell line RCIB-10 was forward programmead to megakarvocytes by the concurrent
exprassion of TALL, FLI1 and GATAL from a doxycyciine inducible promoter (see for example
Dalby thesis, University of Cambridge “Forward programming of human pluripotent stem cells to
a megakaryocyte-erythrocyte bi-potent progenitor population”; and Moreau 14 September 2017
“Forward Programming Megakaryocytes from Human Pluripotent Stem Cells” BBTS Annual
Conference Glasgow 2017). The parental RCIB-10 line was originally derived by episomal vector
mediated expression of human 0CT4, 50X2, KLF4 and MYC reprogramming factors from the

donor call line.

Cells ware culturad under standard conditions with doxycycline for 10 days at which point the

cells were harvested.

HSC differentiation to megakaryocytes

Adult, peripheral blood derived HSCs wers driven to differentiate into megakaryocytes using a
cocktail of cytokines in Stemspan SFEM2 (Gtemspan 100x MK Supplement, Stem Cell
Technologies, Catalog Number 02696). Protocols are available on the manufacturers website.
Paripherai blood HSCs become competent for PLP production at D10-D13 of differentiation.
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PLPs were produced from megakaryocytes by moving them from standard growth media to RPMI
1640 + 25mM glucose containing media. This step resulted in PLP production, however is not
essential for PLPs production and PLPs can be harvested from standard culture media.

P-Selectin ivation RP/TRAP-S/PMA

To assay the activation of MKs in response to mixing with known agonists, 100,000-500,000 MKs
were first harvested by centrifugation at 100G for 8 minutes and resuspended in 100 pL of
Tyrode's buffer {134 mM NaCl, 12 mM NaHCO3, 2.9 mM KCi, 0.34 mM Na2HPO4, 1 mM MgCi2,
10 mM HEPES, pH 7.4) containing anti P-Selectin antibody (Biolegend, clone AK4, variable
fluorophore at 1 pl/100 pb of cells). Where live cells were assayed by flow, this was performed
by direct sampling from the tube without resuspension of cells. Agonists were subsequently added
and incubated with MKs for 40 minutes, before fixation with 1% PFA for 15 minutes. Following
PFA fixation, cells were resuspended in 300 gl Tyrode’s buffer containing anti-CD42 antibody (1
ul/100 pul) was added to allow for mature MK identification. MKs weare analysed either by imaging
using confocal microscopy, or by flow cytometry. CRP {Cambcol} was added to cells at a
concentration of 10 pg/mi, TRAP-6 (Abcam) at a concentration of 10 uM, PMA (Sigma) at a
concentration of 300 ng/mbL. When calls were used as agonists {Jurkats, DSMZ cat no: ACC 282
and BJABs -~ B Cell lymphoma line, Ghevaert lab stock) they were added in 1:1 number vs. MKs.

Table 21-23 presented on pages 154-161 of PCT/GR2020/053247 and which present gRNA primer

sequencas; amplicon primers; and media recipes are hereby incorporated by reference. Table
21 and 22 are reproduced below for convenience:

Table 21 gRNA primer sequences:

HPS1
Exon 7
PAM
Name Sequence sequence
GGGGTGAATCAGTCGCTCCA
grnal HPS1 1r [SEQ ID NO: 56] GGG
GTCAACACCAGCCCCGAGCG
grna2_HPS1_2 [SEQ ID NO: 57] GGG
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GCTGGAGCGGCACGTCATCC

grna3_HPS1 3 [SEQ ID NO: 58] AGC
CTTGGAGTGCACGAGCAGGA
grnad HPS1 4r [SEQ ID NO: 59] AGG

ITGAZB

Exon 7
PAM

Name Sequence sequence
CAGTAGCCGETCGAAGTACTC

grna5_ITGA2B 1r | [SEQ ID NO: 60] TGG
ATTTTCTCGAGTTACCGCCC

grnab ITGAZB 2 | [SEQ ID NO: 61} AGG
CTCGAGAAAATATCCGCAAC

grna7 ITGA2B 3r | [SEQ ID NO: 62} TGG
SGGAGGACACGTGECCACARA

grna® ITGA2B 4r | [SEQ ID NO: 631 AGG

GP6

Exon 3
PAM

Name Sequence sequence
GGGCGTGGACCTGETACCGCC

grna%9 _GP6_1 [SEQ ID NO: &4 TGG
ACGAGCTCCAGCTGGETCGCT

grnall GP6 2r [SEQ ID NO: 65} GGG
CGGAGGTCCCTGGCACCGEA

grnall GP6 3r [SEQ ID NO: bo] GGG

grnal? _GP6 4 CCAGTGACCCTCCGGTGCCA GGG
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Parl

Exon 2
PAM
Name Sequence seqguence
GGAGCTGGTCAAATATCCGG
grnal3_Parl 1r [SEQ ID NO: &8] AGG
GAAGARATGACCG
grnald Parl 2r [SEQ ID NO: 69] GGG
ACACTCCGGTGTACACAGAT
grnals Parl 3r [SEQ ID NC: 707 GGG
ACGATGGCCATGATGETTTAG

grnalb Parl 4r

[SEQ ID NO: 71]

Pard

Exon 2
PAM

Name Sequence seqguence
ACTTGGCCTGGGTAGCCGECGE

grnal? Pard ir [SEQ ID NO: 72} GGG
GGTGCCCGCCCTCTATGGGC

grnalg Pard 2 [SEQ ID NO: 73] TGG
TGETGGGGCTGCCGGCCAAT

grnall_Par4 3 [SEQ ID NO: 74} GGG
AGCAGTGCCCGTGAGCTGETC

grna20_Pard 4r [SEQ ID NO: 75] CGG

Coxl
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Exon 73 andexon 8

PAM

Name Sequence sequence
ACTTCTGGCRAAGATGGGTCC

grna2l_Cox1_1 [SEQ ID NO: 76] TGC
TCACCAAGGCCTTGGGCCAT

grnaz2_Cox1_ 2 [SEQ ID NO: 77] eleles
TGTCTCCATAAATGTGGECCS

grma23 Cox1 3r | [SEQ ID NO: 78] AGG
AACTGCGGCTCTTTAAGGAT

grna2d Coxl 4 [SEQ ID NO: 79} GGG

payiz

Exon 3
PAM

Name Sequence seguence
GTAGTCTCTGGTGCACAGAC

grna29 P2v12 1r| [SEQ ID NO: 80] TGG
SARAGAAARATCCTCATCGCC

grna30 P2Y12 2r | [SEQ ID NO: 81} AGG
ATTCTTAGTGATGCCAAACT

grma3dl P2v12 3 | [SEQ ID NO: 82} GGG
GATCGATAGTTATCAGTCCC

grna32_P2Y12 4r | [SEQ ID NO: 83] AGC

B2M

Exon 2

Name Sequence

PAM

seguence
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AAGTCAACTTCAATGTCGGA[SEQ

grnad0 B2M 1r | ID NO: 84] TGG

AGTCACATGGETTCACACGGC[SEQ

grnadl B2M 2r | ID NC: 85] AGG
ACTTGTCTTTCAGCAAGGAC[SEQ

grnad2 B2M 3 ID NO: 86] TGG
TCACGTCATCCAGCAGAGARA[SEQ

grnad3_BZM 4 ID NO: 87] TGG

As mentioned elsewhere herein, the skilled person will appreciate that 1t is conventional to provide
the sequence of a RN A molecule using the nucleotides AGTC. However the skilled person knows
that in RNA the T is replaced with Uracil. Accordingly, any sequence described herein that refates
to an RNA molecule can be written with a T or a U, though in practice the RNA molecule will

contain U rather than T.

Table 22 amplicon primers:

HPS1
Sequencing primers
ATCTGGTGCAGAGTCCAAGCISEQ ID
RocCl sHPS1 F1 | F NO: 88]
TGGAGGAGGTGATICITGGLC [SEQ ID
Roc2 sHPS1 R1I | R NO: 89]
Product
size: 387
ITGA2B
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Sequencing primers

GGCTCCTGGCGGLTATTIATT [SEQ ID
RocO3_ITGAZB_F1 | F NO: 90}

CTTAGGCGGTGGGTTGGC[SEQ ID NO:

RecC4 ITGAZB R1 [ R 91]

Product

size: 360
GP6

Sequencing primers

AGCAGCGGGGTCCAGG [SEQ ID NO:
RocO5_GP6_F1 F 92]

CGTGGCACCACCACCCISEQ ID NO:

Roc06_GP6_R1 R 937

Product

size: 462
Parl

Sequencing primers

ACCCACTCTCCTAGTAAGAAMACAT [SEQ

RocO7 Parl F1 F ID NO: 947}
CAAACTGCCAATCACTGCCG [SEQ 1D
Roc8 Parl R1 R NO: 95]
Product
size: 541
Pard

Seguencing primers
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ATGTCCAGCTGTTTCCCACC[SEQ 1D

Roc(0% Pard F1 F NO: 96]

GCAGGTGGTAGGCGATCC[SEQ ID NO:

Roc010 _Pard R1 R 977

Product

size: 415
Coxl

Sequencing primers

CCAACCAGGGAAGAAGCAGT[SEQ ID

RocOll Coxd Fi | F NO: 98]

TGGCACAAGCTTCCCACTC[SEQ ID NO:

Roc012_Coxl R1 | R 99]
Product
size: 514

p2Y12
Sequencing primers
GAGGAGGCTGTGTCCAAAAA[SEQ 1D
RocOl5_P2Y12 F1 | F NO: 100}
GGCTGCCTGTTGGTCAGAAT [SEQ ID
RocOle_P2Y12 R1 | R NO: 1013
Product
size: 607
B2M
Sequencing primers
TGACACCAAGTTAGCCCCAA[SED
RocOB8 B2M F1 | F ID NO: 102]
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GGGATGGGACTCATTCAGGG [SEQ ID
Roc059 B2ZM R1 | R NO: 103}
Product
size: 463
Exampile &

To generate a non-thrombogenic, iPSC derived platelet-like progenitor, producer or effector-
chassis, genes encoding key components of the endogenous thrombotic process must be deleted.
In this instance, the genes targeted were Coxl, GPVI, HPSL, ITGAZB, P2Y12, Parl and Pard.
CRISPR/Cas? mediated IN/DEL generation was chosen as the method for gene knocl-out (KO).
First, guides were designed to target Cas9 nuclease to the above mentioned targets (Figure 1A).
Four guides were designed per target, and nucleofected as complex with the Cas9 protein into
iPSCs, and their gene editing efficiency within the pool measured by Sanger sequencing and TIDE
or the Synthego ICE algorithm. High efficiency guides resulting in >80% KO of each target were
identified in the guide screen (Figure 1B). These guides generated reproducibly high editing
efficiency (Figure 1C).

To generate the non-thrombogenic progenitor iPSC line, these KOs must all be introduced into
the same cell. To achieve this, a seqguential editing protocol was designed (Figure 2A). In brief,
Cas9 RNP complexes featuring the high efficiency guides identified previously were nucleofected
into the same population of IPSCs seqguentially, with 3-4 days rest between each nucleofection.
This protocol did not produce an adverse affect on cell viability or growth throughout the ~3.5
week process (Figure 2B}, Gene KO was quantified for each target hit previously throughout the
sequential nucleofection protocol. No gene KO dilution was observed (as might occur if the KO
itself was detrimental), and surprisingly high gene editing efficiencies were observed for all
targets (>94% for all targets except COX1) (Figure 2C). Foliowing the sequential KO protocoi,
single cells were sorted into a 96 well plate and allowed to grow up forming clonal colonies. These
colonies were subsequently isolated and sequenced. Three 7xKO clones were identified (Figure
3}

Given the number of megakaryocyte (MK) specific genes KO'd within these iPSCs, it remained
unclear as to whether these PSCs would still be able to differentiate into MK like cells. To
understand this, iPSCs were forward programmed into MKs by doxycycline mediated induction of
MK specific transcription factors GATAL, TALL and FLIL. Cell surface expression of known, well
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defined MK markers and viability was assayed during the forward programming process (Figure
4A and B}. This study was performed in the pool of 7xKO MKs, but given the exceedingly high
editing efficiencies within the pool it is likely >90% of cells feature at least 6 KOs, We observed
no affect on forward programming efficiency or MK viability during the forward programming
process. CD41 is ITGAZB, one of our target genes. Thus the lack of CD41 expression within the
7xKQ population validated the protein level KO of this gene as predicted by our seguencing based
approach.

To validate the non-thrombogenicity of our 7xKO MKs, and also their retained function, we studied
their degranulation response to known platelet agonists. MKs contain the same core signal
transduction machinery, plasma membranes and components as platelets (given platelets are
fragments of MKs), and thus MKs were used here as a surrogate for actual platelets. It is expected
that the resulis seen in MKs would translate directly to platelets. To assay for degranulation, cell
surface P-Selectin exposure was used as a marker. P-Selectin is an alpha-granule membrane
protein, and is not usually present on the platelet surface. Upon platelet activation, aipha-
granules fuse with the plasma membrane and exocytose their contents (degranulation), and their
membrane components mix with the plasma membrane. P-Selectin thus becomes exposed and
detectable by fluorescent antibody madiated staining. Resting 7xK0O MKs feature lower basal
favels of P-Selectin exposure than unedited wildtype MKs (Figure 5A). Upon stimulation with two
classical platelet agonists, CRP and TRAP& (which signal through GPVI and PARIL respectively -
both KO'd in the 7xKO pool), no increase in P-Selectin staining was observed in the 7xKO MK
pool. This is in contrast to the unedited MKs, which increased their P-Selectin and also appeared
began to form small aggregates of cells (Figure 5B}. Importantly, upon stimulation of the 7xK0O
MKs with PMA, an agonist that bypasses the signaling pathways removed within the 7xKO line,
7xKO MKs exposed P-Selectin as well if not better than unedited MKs (Figure 5C). Taken together,
these activation experiments and the cell surface marker experiments discussed previously
demonstrate that deletion of our candidate non-thrombogenic genes in iPSCs does not perturb
their ability to differaentiate into MK like cells, and does not disrupt the ability of MKs to

degranulate in response to non-deleted signal transduction mechanisms.

Platelets contain ITAM domain containing receptors — specifically CLEC2, FCERG and FCGR2A.
CLECZ is a type-1I membrane protein, whilst FCERG and FCGR2A are type-I membrane proteins.
Type-1 membrane proteins are amenable to fusion with scFV fab domains {(and other N-terminal
targeting mechanisms}. Chimeric platelet receptors {CPRs} were thus designed as fusions
between an scFV targeting the B cell antigen CD19 derived from the FMCE3 antibody, a hinge
domain, and the transmembrane and cytoplasmic domains of FCERG and FCGR2ZA. This yielded
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four potential recaeptor designs (Figure 6A). Thase designs were inserted into lentiviral expression
vectors as a multicistronic construct, with an mCherry flugrescent protein linked by a T2A peptide
splitting sequence (Figure 6B}. Viral particles weare transduced onto iPSCs, and transduction
efficiency examined by mCherry expression. Notable mCherry exprassion was detected across ali
four lentiviral expression vectors, and was not present in the untransduced control (Figure 6C).

To validate that the receptor itself was expressed and cell surface localised, virally transduced
iPSCs were stained with recombinant CD19 fluorescently labelled with FITC. CD1S-FITC should
only label iPSCs if they express the anti-CD 19 scFV on their cell surface, in the correct orientation.
Notably, colonies positive for transduction (i.e. mCherry positive) were also positive for CD19-
FITC, indicating that the designed CPRs fold and correctly iocalised to the plasma membrane of
the cells expressing them (Figure 7).

A clonai high CPR3 expressing iPSC line was forward programmed into MKs. Expression of the
CPR3 construct did not impact the ability for iPSCs to forward program, as all classical MK specific
markers were expressed within these cells. MK viability was not impacted by CPR3 expression
either (Figure 8A). Note that CD41 is clonally KQ'd within these cells, and thus the fack of its
expression is expected. To validate that CPR3 was expressed and that this expression was
maintained on the MK cell surface, CD19-FITC staining was conducted {Figure 8B). CPR surface
expression was observed, indicating MK differentiation did not silence the lentiviral expression

construct, or somehow alter receptor localisation.

To further confirm the correct surface localisation of platelet specific CARs, CPR1 was expressed
in haematopoetic stem cell derived megakaryocytes. Following CPR1 lentivirus transduction
{featuring coupled CPR and mCherry exprassion), there was a srong positive correlation between
mCherry levels and surface scFV expression levels. This demonstrates that CPR1 can fold and
incalise well to the surface of a megakaryocyte {Figure 20 part 1}. Importantly, following PLP
production from these megakaryocytes, PLPs were ziso shown (o express surface resident,
correctly oriented CPR1. These results have also been subsequently repeated in IPSC derived
megakaryocytes and PLPs derived from them (Figure 22). Importantly, CPR1/CARY localised to
the surface in non-thrombogenic 7xKO clone 34 line (Figure 25}, and in a control CD34/CD41 KO
fine (Figure 24). This demonstrates experimental evidence that non-thrombogenic platelet
“chasses” can be functionalised with a CPR.

To study the functionality of the CPR, CPR3 expressing MKs and control untransduced MKs were
mixed with a CD19 expressing B cell leukemia line {BIABS) or CD19 negative T cell leukemia line
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{Jurkats) and P-Selectin exposure was measured as before. Microscopy imaging of mixed ceall
populations demonstrated increased P-Selectin exposure specifically within CPR3 expressing MKs
when mixed with the CD19 +ve BIABs (Figure 9A). This was resuit was confirmed quantitatively
by FACS based measurement of P-Selectin exposure (Figure 9B and C). BIAB celis do not activate
untransduced MKs, and CD19 negative Jurkats do not activate CPR3 expressing MKs. Thease
results demonstrate that the CPR3 construct specifically stimulates MK degranulation in response
to triggering by CD19 positive BJAB celis. Given that platelets are cvitoplasmic fragments of MKs
and the core signaling machinery is shared between them (given the shared cytoplasm), it is
expected that these results should translate into platelets when produced from CPR3 expressing
MKs. Additionally, given our observation that 7xKO MKs retain the ability to activate and
degranulate in response to agonisis that have not had their cognate receptors deleted, it is
expected that CPR3 expression within a 7xKQO line should trigger its degranulation upon mixing
with CD19 positive cells. Given the swappable nature of the external CPR targeting domain, target
specificity could be altered by swapping the anti-CD19 scFV for alternative targeting mechanisms,
while retaining the same internal signaling domain that has been shown here {0 trigger MK

degranulation on target engagement.

Example 7 - Testing of iPSC Knock-out lines designed for non-thrombogenic activity

Twao different iPSC cell lines were generated, each having three gene knockouts:

Clone 1: iTGAZ2b KO, PARL KO, HPS1 KO
Cione 2: ITGAZb KO, P2Y12 KO, HPS1 KO

Each clone has been designed to become phenotypically defective in 3 key processes involved in

thrombogenesis.

s Inactivation of iTGA2b inactivates the GPIIb/IIia receptor which is essential for recognition
of stimuli (fibrinogen) resulting in the exposure of basement membrane under the
damaged endothelium

¢ Inactivation of PAR1 or P2Y12 inactivates the receptors for thrombin and ADP,
respectively. These agonists are platelei-derived secondary messengers which are
released by activated platelets to recruit further platelets to a growing thrombus
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» Inactivation of HPS1 prevents the formation of dense granules in platelets. Dense granules
contain and release secondary mediators of platelet activation such as ADP and serotonin,
Thus, the removal of dense granules in platslets prevents normal, wild-type platelet
racruitment to iPSC-derived knock out platelets.

iPSCs featuring knock-outs of the above mentioned genes were generated using methodologies
described in Example 5. Guide RNAs used to target genes were as described in Example 5 for
each gene. Megakarvocytes and platelets derived from these IPSC KO lines are described as
“chassis” platelets or megalkaryocyte. Where an experiment describes the use of a chassis

platelet, a chassis megakaryocyte could be substituted.

Below are described a set of experimeants {(in vitro and in vivo) designed to demonstrate the
absence of thrombogenic activity in enginsered platelets. These assays are well described in the

literature and are adapted to the study of chassis platelets.

Generation of iPSC pools featuring KOs of the above genes have been generated using previously
identified guides {Example 5) {Figure 16). These knock-out pools have been differentiated using
a forward programyming approach towards the megakaryocyte phenotype, and their ability to
differentiate based on expression of known MK surface markers has been confirmed (Figure 17).

A. Demonstration that chassis plateiets do not respond to primary/major piatelet

activation stimuli in vitro

Flow chambers coated with either collagen or fibrinogen represent a well-validated method to
observe platelet adhesion and activation. Fibrinogen is bound by the gplib/Illa complex, which
is disrupted through ITGAZB KO. Platelet containing samples are passed through the chamber
and examined for a range of features: (i) visual Inspection/counting of binding events by
microscopy, (ii) platelet activation status by IF staining of any bound platelets with a P-selectin
targeting antibody or by calcium flux, CD40L and annexin V staining. A positive gutcome in this
experiment is a lack of and/or reduction in chassis platelet binding to the flow chamber in the
first instance, and any bound chassis platelets should not be activated.

8. Demonstration that chassis do not respond {0 agonists/secondary messengers in

vitro
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In this assay, platelets in suspension are treated with defined doss-escalating platelet mediators
{thrombin, ADP) and platelet activation status is measured by staining/flow cytometry for the
following markers: CD62p/P-selectin, PF4 release and other markers of activation such as calcium
flux, CD40L and annexin V staining if necessary. A positive gutcome in this assay is a reduction
in and/or absence of activation in chassis platelets. In a control experiment, the capacity for
platelet activation (independently of receptor PAR1/P2Y12 activation) is confirmed by treatment
of platelets with rhodocytin or podoplanin. These two molecules signal through the platelet Clec2
recaptor, which is not a vital receptor for platelet mediated haemostasis, and as such can be left

intact on the chassis.

C. Demonstration that chassis platelets do not respond to platelet activation stimuli

when mixed with normal {donor) plateiets in vitro

In this assay, chassis platelets are incubated in the presence of donor derived platelets and the
mix is incubated with dose-escalating platelet mediators such as thrombin and ADP. This assay
represents a more stringent test for chassis platelets as they are exposed to a combination of
soluble mediators of activation and activated normal platelets, hence representing more
physiclegically relevant conditions. This assay is run in flow chambers, coated with fibrinogen or
colfagen, and with a flow of 50:50 mix of differentially stained donor derived platelets & chassis

platelets through chamber.

Features to be analysed are: (i) fluorescence microscopy for platelet counting, (i) activation
status of bound platelets {e.g. CD62p/P-selectin, PF4 release and other markers of activation
such as calcium flux, CD40L and annexin V staining if necessary). The same experimental setup
is extended further by co-incubation of chassis platelets with whole blood and flowing the mix
through the chamber coated with fibrinogen or collagen.

Fluorescence microscopy of the thrombus demonstrates whether any stained engineered platelets
are prasent and if chassis platelets are entrapped, their activation status is ascertainad by IF
using P-selectin is the primary marker, or calcium flux, CD40L and annexin V staining as

alternative/additional markers.

A positive outcome in this assay is the following:
e No significant change in thrombus size when chassis platelet concentration is varied
« Absence of or reduced chassis platelet incorporation within the thrombus
» If any chassis platelets are captured by the thrombus, they should not be activated
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D. Demonstration that chassis platelets do not contribute {0 thrombus formation in
¥ivo

The objective of this experiment is to test the phenotypic performance of chassis platelets in an

in vive model of thrombus formation. This provides a deeper level of validation of the approach

taken to engineer out the thrombogenic program in chassis platelets.

A mouse model devoid of most of its immune system (e.g. NSG) is required as human platelets
are rapidly degraded by mouse macrophages. In addition, antibody mediated depletion of
endogencus mouse platelets using a3 mouse specific anti-CD41 antibody is included to ensure lack
of contaminating effect by endogenous platelets. Labelled chassis platelets are injected IV into
the mouse, after which laser-mediated cremaster muscle vessel damage is applied locally to
stimulate thrombus formation. In vivo fluorescence imaging at the site of injury is used to: (i)

measure thrombus size, (i) chassis platelet incorporation within thrombus.

A positive result will include the following:
s The size of the thrombus is not significantly altered by the number of engineered platelets
administered
= Engineerad platelets are not part of the growing thrombus
= If engineered platelets do become part of the thrombus, they are not activated {as assayed

ex vive on thrombus removal).

E. Demonstration that chassis platelets do not impact normal hemostatic capacity

As above, this experiment involves the use of NSG mice and a mouse platelet depletion technique
{e.g. infusion with murine CD42 binding monocional antibody). Here mice are inoculated with
various proportions of chassis platelets and donor platelets. The mouse tail is nickad and the time
untll the mouse stops bleeding is assayed.

A positive result in this experiment is the following:
+« Infusion of donor platelets prevenis bleading within a short time frame
» Infusion of engineered piatelets does not prevent bleeding or prevents bieeding less than
donor platelets
e Infusion of enginesred platelets in the presence of donor platelets does not impact

bleeding time vs. donor platelets alone at the same concentration
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2. Testing of B2M Knock-out line designed for reduction of allo-immunity

As described above {see 1.1 Disruption of expression Beta 2 microgiobulin (b2M} disruption of
the B2M gene is expectad to be advantageous in some situations. B2M knockout doss not impact
the differentiation and production of MKs and PLPs from iPSC cells, nor does it impact the
phenotype or function.

iPSCs featuring knock-outs of the above mentioned genes were generated using methodologies
described in Example 5. Guide RNA targeting B2M was designed as described in Example 5, and

a high efficiency guide was selected through screening (Figure 18).

To characterise this B2M knockout, flow cytometry is used o assess absence of B2M and HLA,
where the specific HLA expressed on our cells has been determined by genotyping. Antibodies
targetad against the specific HLA of our celis, and against B2M, are used to characterise the

absence of these proteins after a knockout {Stem Cell Reports 14:48-59).

Characterising reduction of HLA activity is performed by assessing complement dependent
cytotoxicity, and antibody-mediated cellular cytotoxicity, where HLA KO is characterised by the
reduction of lysis (Mol Med 22: 274-285). Cells are incubated with complement-binding donor-
specific anti-HLA antibodies. A non-specific (specific for an HLA not expressed on the cell) is used
as a control. Addition of complement only demonstrates lysis of HLA expressing MiKs,
Alternatively, an antibody-dependent cellular cytotoxicity kit is used with specific antibodies
targeted against the HLA of our iIPSC. B2M KO reduces the lysis potential of ADCC by reduction

of HLA expression.

3. Testing of GARP knock-out line designed for reduction of mature TGFS release upon

chassis platelet activation

Platelets are the dominant source of the pro-mitogenic TGFB protein systemically as well as in
the tumour microenvironment. Platelets exprass surface Glycoprotein-A Repetitions Predominant
Protein (GARP), a receptor for Latent Transforming Growth Factor Beta (LTGFB). In LTGFB, the
mature TGFB protein is bound to the latency-associated peptide (LAP) and is thereby prevented
from binding to the TGF-beta receptor. Upon degranuiation, activated platelets dramaticaily
upregulate GARP and convert bound LTGFB into the mature TGFB. It has been shown that platelet-
specific deletion of GARP blunted TGFB activity in the tumour microenvironment and boosted
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protective immunity against pre-established cancers (Meatelli, A, et &/, (2017} J Immunol May 1,
198 (1 Supplement) 126.17)

iPSCs featuring knock-outs of the above mentioned genes were generated using methodologies
described in Example 5. Guide RNA targeting LRRC32 was designed as describad in Example 5,
and a high efficiency guide was selected through screening (Figure 19).

LRRC32 knockout does not impact the differentiation and production of MKs and PLPs from iPSC
cells, nor does it impact the phenotype or function (PLoS ONE 12{3): e0173329).

LRRC32 knockout is characterised by a reduction of GARP, assessed by flow cytometry using a
GARP specific antibody to demonstrate absence of GARP protein on the MK and platelet surface.

The function of 3 GARP knockout manifests by reduction of TGFB binding. This is determined by
measurement of TGFbeta bound to WT and KO platelets. TGFbeta is incubated with WT and KO
platelets, with successful KO characterised by a reduction of TGFB binding. Binding of TGFbeta to
platelets is characterised by flow cytometry or ELISA.

To assess whether the GARP KO can reduce TGFbeta immune cell inhibition, platelets are
incubated with T-cells to demonstrate a reduction of activity caused by bound TGFbeta. Reduction
of activation is measured by cytokine release such as IFNg (Sci Immunol 2(11}:eaai7911}.
Knockout of GARF reduces TGFbeta binding capacity, thus reducing the inhibition observed from

platelets.

4. Testing of exosomal RNA targeting

Platelet aipha-granules contain exosomes. Exosomes are small vesicles, ~50-200nm in size, and

can contain nucleic acids as cargo. Exosome producing cells have been generated previously.

To drive exogenous RNA loading to the megakaryocyte and thus platelet exosome, an exosome
resident protein can be engineered as fusions with RNA hairpin binding proteins. Two examples
of RNA hairpin binding proteins are L7Ae and MS2 (schematic shown in Figure 23A). Initially,
correct, granular localisation of a known exosome resident protein (BASPL) fused to L7Ae was
confirmed in megakaryocytes (Figure 23B. To show RNA co-localisation, two different RNA
constructs are tested - one faaturing a set of hairpins and one not featuring hairpins. Localisation
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of the RNA is confirmed by RNA FISH, where co-localisation of hairpin containing RNA fo the
flugrescently labelled BASP1-L7Ae protein occurs.

Minimal BASP1 mCherry L7Ae [SEQ ID NG 118]
MGGKLSKKKGGSGGGSGGGSGVSKGEAVIKEFMRFKYHMEGISMINGHEFEIEGEGEGRPYEGTQTAKLKVTK
GGPLPFSWDILSPOFMYGSRAFTKHPADIPDYYKQSFPEGFIWERVMNFEDGGAVTVTQDTSLEDGTLIYKVK
LRGTNFPPDGPVMOKKTMGWEASTERLYPEDGVLKGDIKMALRLKDGGRYLADFKTTYKAKKPYQMPGAY
NVDRKLDITSHNEDYTVVEQYERSEGRHATGGMDELYKGGSGGGSGGGSGMYVRFEVPEDMONEALSLLERY
RESGKVKKGTNETTKAVERGLAKLVYIAEDVDPPEIVAHLPLLCEEKNVPYIYVKSKNDLGRAVGIEVPCASAATNINE
GELRKFLGSLVEKIKGLOK

Minimal BASPL
(GGSG)x3 Linker
mScariet
(GGSGIx3 Linker
L7Ae

Once correct localisation of the RNA and exosome directed loading construct is shown in platelets
and megakaryocytes, release of exosomes from platelets and megakaryocytes upon activation
investigated. Platelets and megakaryocytes are activated using known agonists {(e.g. PMA,
CRP/TRAP-6/ADP), which drives alpha-granule exocytosis {(otherwise referred to as
degranulation). Exosomes are collected through either commercially available kits or
centrifugation based approaches. RNA i extracted from the exosomes, and is assayed by gPCR
for the presence or absence of exogencus RNA. As negative controls, untargeted (i.e. hairpin
negative) RNA i used, and hairpin containing RNA in a megakaryocyte/platelet background not
exprassing BASP-L7Ae is also tested. This confirms exosome specific loading of RNA into
megakaryocyte and platelet alpha-granules, and the ability of platelets and megakaryocytes to
conditionally release these loaded exosomes in response to some agonist single.

To demonstrate the ability of these lcaded exosomas to drive gene expression in some nearby
cell, the RNA loaded by our hairpin targeting approach features a reporter gene ORF (e.q. GFP).
Upon activation of platelets or megakaryocytes in the vicinity of a target cell, the reporter RNA
containing exosomes are taken up by the nearby cell after their release from platelet or
megakaryocvte alpha-granules. By performing flow cytometric analysis, target cells are gated
based on specific cell surface marker expression, and then the level of reporter gene expression

is measured. Reporter gene expression only increases in target cells if the exogenous RNA was
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appropriately targeted to the megakaryocyte or platelet exosome compartment, and only upon
activation of the platelet or megakaryocyte.

5. Antigen specific T cell targeting with platelet MHC-B2M-CAR

Fusion of MHC, B2M, antigen derived peptide and internal platelet CAR signalling domain into a
single protein allows for targeting of cargo cortaining synlets to antigen specific T Cells. To test
this hypothesis, proof of concept peptide-MHC-B2ZM-CAR constructs (MHC-CAR) were engineered,
targeting MARTY and NY-ESO-1 in the context HLA-A*Q2. Different varianis were generated,

utilising distinct transmembrane domain regions and internal signalling regions.

MART1_B2M_ HLA-A*0201_FCERG-TM_FCERG-CYTO [SEQ D NO: 104}
MIPAVVLLLLLLVEQAAALLAGIGILTVGLGGSGGGGESGGEESIQRTPKIQVYSRHPAENGKSNFLNCYVSGEHP

SDIEVDLLKNGERIEKVEHSDLSFSKDW S EY LYY TEFT PTEKDEYACRYNHVTLSOPKIVKWDRDM GG GGSGGE

GSGEGGSGGGGEGSHIMRYFITSVSRPGRGEPRFIAVGYVDDTOFVREDSDAASORMEPRAPWIEQEGPEYW

DGETRRKVKAHSQTHRVDPLGTLRGCYNQSEAGSHTVORMYGCDVGSDWRIALRGYHQYAYDGKDYIALKEDLRS

WTAADMAAGTTKHKWEAAHVALEQLRAYLEGTCVEWILRRYLENGKETLQRTDAPKTHMITHHAVEDHEATLRC

WALSFYPAEITI TWORDGEDOQTOQDTELVETRPAGDGTFOKWAAVYVPSGOQEQRYTCHVOHEGLPKPLTIRWE

PSSP T P GEPOLCYIL DA FLYGIVETLLYCRIKIQVRIAAITSYEKSDGVYTGLSTRNQETYETEKHEKPPQ

FCERG Signal Peptide
MART1 peptide antigen
GCGGES{G45)2 Linker
B2M

{G45}4 Linker
HIA-A*0201

FCERG-TM
FCERG-CYTO
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MARTL B2M HLA-A*0201 FCGR2ZA-TM_FCGRZA-CYTO [SEQ ID NO: 105]

MIPAVVLLLLLLVEQAAALLAGIGILTVGCGGSGGGGESGGEGSIQRTPKIQVYSRHPAENGKSNELNCYVSGEHP

SDIEVDLLKNGERIEKVEHSDLSFSKDWSEYLLYY TEFT PTEKDEYACRYNHVTLSOPKIVKWDRDM GG GGSGGEE

GSGEGGSGGGGEGSHIMRYFFTSVSRPGRGEPRFIAVGYVDDTOFVRFDSDAASORMEPRAPWIEQEGPEYW

DGETREVKAHSQTHRVDLGTLRGCYNOQSEAGSHTVORMYGCDVGSDWRELRGYHQYAYDGKDYIALKEDLRS

WTAADMAAGTTKHKWEAAHVALQLRAYLEGTCVEWILRRYLENGKETLQRTDAPKTHMTHHAVSDHEATLRC

WALSFYPAEITITWORDGEDQTODTELVETRPAGDGTFOGKWAAVVYYPSGOEQRYTCHVOHEGLPKPL TIRWE

PSSOPTIPISSPMGHVAVVIATAVAAIVAAVVALIYCRKKRISANSTDPYKAAQFEPPGRONIAIRKROLEETNN
DYETADGGYMTINPRAPTODDKNIYLTIPPNDHVNSNN

FCERG Signal Pegtide
MARTI peptide antigen
GCGGS(G4AS)2 Linker
B2M

{G45}4 Linker
HIA-A*0201
FCGRZA-TM
FCGR2A-CYTO

MARTL B2M HLA-A*0201 HLA-TM FCERG-CYTQO {SEQ D NO: 106]

MIPAVVLLLLLLVEQAARAFLAGIGILTVGCGGSGGGGESGGGGSIQRTPIIOVYSRHPAENGKSNFENCYYSGEHP

SDIEVDLLKNGERIEKVEHSDLSESKDWSFYLLYY TEFTPTEKDEYACRVNHYTLSQPKIVKWDRDMGGGGSGGG

GEGGGEGSGEGESESHIMRYFFTSVSRPGRGEPREIAVGYVDDTQIVRIDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVKAHSQTHRVDLGTIRGCYNQSEAGSHTVORMYGCDVGSDWRELRGYHQYAYDGKDYIALKEDLRS

WTAADMAAQTTKHKWEAAHVAEQLRAYLEGTCVEWILRRYLENGKETLQRTDAPKTHMTHHAVSDHEATLRC

WALSEYPALITL TWORDGEDQTADTELVETRPAGDGTFOKWAAVVVPSGOEQRYTCHVQHEGLPKPLTIRWE

PSSOPTIPIVGHAGLVLFGAVITGAVVAAYMWRRKSSGGEGVKDRKGGSYTQAASSDSAQGSDVSLTACKYVRL
KIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKHEKPRPO

FCERG Signal Peptide
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MART1 peptide antigen
GCGGS{G4S)2 Linker
BIM

{G4S}4 Linker
HLA-A*0201
HLA-A*0201-TM
FCERG-CYTO

MARTL B2M _HLA-A*0201 HLA-TM_FCGR2ZA-CYTO [SEQ ID NO; 107]

MIPAVVLLLLLLVEQAAALLAGIGIL TVGLGESGGEESGEEESIORTPKIQVYSRHPAENGKINFLNCYVSGEHP
SDIEVDLLKNGERIEKVEHSDLSFSKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSOPKIVKWDRDM GGGGSGGEE

PCT/GB2022/051512

GSGGGGSGGGGSGSHIMRYFFTSVSRPGRGEPRFIAVGYVDDTOFVRIDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVKAHSQTHRVDLGTIRGCYNQSEAGSHTVQRMYGCDVGSDWRIFLRGYHOYAYDGKDYIALKEDLRS

WTAADMAACQTTKHKWEAAHVAEQLRAYLEGTCVEWILRRYLENGKETLQRTDAPKTHMITHHAVSEDHEATLRC

WALSFYPAEITLTWORDGEDQTODTELVETRPAGDGTFOKWAAVYVPSGOEQRYTCHVOHEGLPKPL TIRWE

PSSQPTIPNGHAGLVLFGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTOAASSDSAQGSDYSLTACKVC

REKKRISANSTDPVKAAQFEPPGRONMIAIRKRQLEETNNDYETADGGYMTINPRAPTDDDKNIYLTIPPNDHY

NSNN

FCERG Signal Pegtide
MART1 peptide antigen
GCGGS(G4AS)2 Linker
B2M

{G45}4 Linker
HLA-A*0201
HLA-A%D201-TM
FCGRZA-CYTO

NYESQ1 B2M HEA-A*0201 FCERG-TM FCERG-CYTQ [SEQID NQ: 108]

h

~3
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MIPAVVLLLLLLVEQAAASLIMWITQCOGCGGSGGEEGSGEEGESIOQRTPKICVYSRHPAENGKSNELNCYYSGEHP

SDIEVDLLKNGERIEKYEHSDLSESKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSOPKIVKWDRDMGGGGSGGE

GSGGGGSGRGGEGSHIMRYFFTSVSRPGRGEPRFIAVGYVDDTQFVRIDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVKAHSQTHRVDLGTIRGCYNQSEAGSHTVORMYGCDYVGSDWRIALRGYHQYAYDGKDYIALKEDLRS

WTAADMAAQTTKHKWEAAHVAEQLRAYLEGTCVEWILRRYLENGKETLOQRTDAPKTHMTHHAVSDHEATLRC

WALSEYPAEITLTWORDGEDQTORTELVETRPAGDGTFORWAAVVYVESGQEQRYTCHVOHEGLPKPLTIRWE

PSSP T P GEPCLCYI DA F Y GIVETLLYCRIKIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKHEKPPG

FCERG Signal Peptide
NY-ESO-1 peptide antigen
GCGGS{GAS)2 Linker
BZM

{G45)4 Linker
HLA-A*0201

FCERG-TM

FCERG-CYTO

NYESOL B2M  HEA-A*0201 FCGRZA-TM FCGRZA-CYTO [SEQID NO: 109]

MIPAVVLLLLLLVEQAAASLIMWITOQCGCGGSGGGESGEEESQRTPRIQVYSRHPAENGKSNFLNCYVSGEHP

SDIEVDLLKNGERIEKVEHSDLSFSKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSOPKIVKWDRDMGGGGSGEE

GSGGGGSGGGGSGSHSMRYFFTSVSRPGRGEPRFIAVGYVDDTAQFVRIDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVKAHSOTHRYDLGTIRGCYNQSEAGSHTVORMYGCOVGSDWRELRGYHQYAYDGKDYIALKEDLRS

WTAADMAAQT TKHKWEAAHVALEQLRAYLEGTCVEWILRRYLENGKETI QRTDAPKTHMTHHAVSDHEATLRC

WALSFYPAEITLTWORDGEDQTODTELVETRPAGDGTFGKWAAVVVPSGQEQRYTCHVOHEGLPKPLTIRWE

PSSQPTIPISSPMGHVAVVIATAVAAIVAAVVALIYCRKKRISANSTDPVKAAQFEPPGROMIAIRKROLEETHNN

OYETADGGYMTINPRAPTDDDKNIYLTIPPNDHVNSNN

FCERG Signal Pegtide
NY-ESO-1 peptide antigen
GCGGSIGAS)2 Linker
B2M
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{G4S} Linker
HLA-A*D201
FCERIA-TM
FCGR2A-CYTO

NYESOL B2M HEA-A*0201 HLA-TM FCERG-CYTO [SEQ D NG: 1101

MIPAVVLLLLLLVEQAAASLIMWITQCGCGGSCGGGSGAGGSIORTPKIGYYSRHPAENGKINFLNCYYSGFHP

SDIEVDLLKNGERIEKVEHSDLSTSKDWSFYLLYYTEFTPTEKDEYACRYNHYTLSOPKIVKWDRDMGGGGSGGE

GSGGGGSGGGGSGSHIMRYFETSYSRPGRGEPRIIAVGYYDDTOFVREDSDAASQRMEPRAPWIEQEGPEYW

DGETRRVKAHSQTHRVDLGTIRGCYNQSEAGSHTVORMYGCOVGSDWRALRGYHQYAYDGKDYIALKEDLRS

WTAADMAAQT TKHKWEAAHVALEQLRAYLEGTCVEWIRRYLENGKETLORTDAPKTHMTHHAVSDHEATIRC

WALSFYPAEITI TWORDGEDQTODTELVETRPAGDGTFOKWAAVVVPSGOEQRYTCHYVAHEGLPKPLTIRWE

PSSOPTIPNGUAGLVLEGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQGSDYSLTACKVRL

KIQVRKAAITSYERSDGVYTGLSTRNQETYETIKHEKPRPGQ

FCERG Signal Peptide
NY-£SO-1 peptide antigen
GCGGS{G45)2 Linker
B2M

{G45}4 Linker
HLA-A*0201
HLA-A*Q201-TM
FCERG-CYTO

NYESOL B2M  HLA-A*0201 HIA-TM FCGRZA-CYTO [SEQ 1D NG: 111]

MIPAVVLLLLLLVEQAAASLIMWITOQCGCGGSGGGESGEEESQRTPRIQVYSRHPAENGKSNFLNCYVSGEHP

SDIEVDLLKNGERIEKVEHSDLSFSKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSOPKIVKWDRDMGGGGSGEE

GI3GGGGSGGGESGSHSMRYFFTSVSRPGRGEPRFIAVGYVDDTAQFVRIDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVKAHSOQTHRVDLGTIRGCYNQSEAGSHTVORMYGCOVGSDWRFLRGYHQYAYDGKDYIALKEDLRS

WTAADMAAQT TKHKWEAAHVALQLRAYLEGTCVEWIRRYLENGKETI QRTDAPKTHMTHHAVSDHEATLRC
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WALSEYPAEITLTWORDGEDQTAQDTELVETRPAGDGTFOKWAAVVVPSGOQEQRYTCHYQHEGLPKPLTLRWE

PSSOPTIPNGHAGLVIFGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTOAASSDSAQGSDVSLTACKVC

REKRISANSTDPVKAAQFEPPGROMIAIRKROQLEETNNDYETADGGYMTINPRAPTDRDDKNIVETIPPNDHY

NSHN

FCERG Signal Peptide
NY-ESO-1 peptide antigen
GCGGS{G4S)2 Linker
B2M

{G4S}4 Linker
HLA-A*0201
HLA-A*0201-TM
FOGR2A-CYTO

To initially assay for expression of the MHC-CARs, they are inserted into B2M KO iPEC and MK
celf lines. Surface expression of the MHC-CAR is confirmed through FACS based measurement of
B2M surface expression (which, in the absence of MHC-CAR containing B2M is absent in the B2M
KO background). To further confirm functional expression of the MHC-CAR, recombinant TCRs
and antibodies raised specifically against the peptida~-MHC are used too.

Following introduction of MHC-CAR and confirmation of expression in iPSCs, megakaryocytes and
platelets, functionality of the car is investigated. Jurkat or some other T cell line, expressing a
TCR which is known to target the MHC-CAR is mixed with platelets or megakaryocytes expressing
MHC-CAR. Platelet activation is assaved upon binding to T cells expressing the target TCR,
through exposure of P-selectin {or some other degranulation dependent surface marker) on
platelets surface as measured by FACS or through ELISA based detection of platelet cargo release,

MHC-CAR expressing Synlets are loaded with different cargoes, and then assayed for the ability

of those cargoes {o stimulate TCR expressing T cell activation status {through e.g. ELISA based

measurement of T cell ¢cytokine production, T cell proliferation, T cell FACs for known markers of
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activation and genetic approaches such as measurement of T cell NFAT reporter gene activation
as measured by microscopy or FACs).

The invention also provides a number of specific embodiments, described in paragraph [0287]-
{3537 of PCT/GR2020/053247 which is hereby incorporated by reference.

The invention alse provides the following embodiments presented as numbered paragraphs.

i A chimeric platelet receptor (CPR} wherein the receptor comprises:

a) an intraceliuiar domain that is a platelet modulation domain; and
b} a heterologous target binding domain that recognizes and binds a target.

2. The CPR of paragraph 1 wherein the target binding domain binds to a target that is
endogencus to a subject, optionaily wherein the target is a human target.

3. The CPR of any of the preceding paragraphs wherein the target is present on a cell surface

or a tissue surface,.

4, The CPR of any of the preceding paragraphs wherein the target is a target such that when
the CPR s present in a platelet membrane, after binding of the target to the target binding domain
the CPRs cluster on the plasma membrane.

5. The CPR according to any the preceding paragraphs whereain when the CPR is present in
a platelet membrane, after binding of the target to the target binding domain the platelet

moduiation domain is activated.

6. The CPR according to any the preceding paragraphs wheregin when the CPR is present in
a platelet plasma membrane, after binding of the target binding domain to the target the CPRs
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cluster on the surface of the platelet plasma membraneg, wherein said clustering is sufficient to
activate the platelet modulation domain.

7. The CPR according to any of the preceding paragraphs wherein the target binding
domain comprises a human target binding domain sequence or a sequence that has at least 75%,
80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a human target binding

domain sequence.

8. The CPR according to any of the preceding paragraphs wherein the target binding domain
comprises a non-human target binding domain sequence, optionally:
a humanised sequence; or

a sequencs from a moussa.

9. The CPR according to any of the preceding paragraphs whersin said target binding domain

comprises a target-binding ligand or fragment thereof that binds specifically to said target.

11, The CPR according to any of the preceding paragraphs wherein said target binding domain
comprises an antibody or antibody fragment that binds specifically to said target.

12, The CPR according to any of the preceding paragraphs wherein said target binding domain
comprises a variable heavy chain domain and/or a variable light chain domain, optionally an scFv,

13. The CPR according to any of the preceding paragraphs wherein the target is a tumor

antigen, neoantigen or autoantigen.

14, The CPR according to any of the preceding paragraphs wherein the target is:
a} an antigen associated with a disease, disorder or condition; and/or
b} on a target tissue or cell in the body of a subject, optionally wherein the farget tissue
or cell is a cancer tissue or cell; and/or

<) an autoimmune B cell.

15. The CPR according to any of the preceding paragraphs wherein the target binding domain
comprises at ieast one of:
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a} FCERG EC domain, CLEC1 EC domain, FCGR2 EC domain, GPVIA EC domain, CEACAMIL
EC domain, G&b-B EC domain, LILRB2 EC domain, PECAM1 EC domain TLT1 EC domain and/or a
sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequences
identity to a FCERG EC domain, CLECL EC domain FCGR2 EC domain, GPVIA EC domain,
CEACAM1 EC domain, G6b-B EC domain, LILRB2 EC domain, PECAM1 EC domain and/or TLT1 EC
domain; and/or

b) the target binding domain comprises any one or more of the domains or portions thereof
set out on page 46 to 49 of PCT/GB2020/053247 which is hereby incorporated by reference, or
a sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence
identity to any one or more of the domains or portions thereof set out on page 46 to 49 of
PCT/GBR2020/053247 which is hereby incorporated by reference.

16. The CPR according to any of the preceding paragraphs whersin the target binding domain

comprises a peptide associated with autoimmunity, optionally:

a peptide or portion of any oneg or more of the following proteins: MOG, GADES, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GAD2, ARMCE, CYP21A2, CASR, NASP,
insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor
XU, Beta2-GPI, ITGB2, G-CSF, GP IIb/lla, COLII, FBG beta alpha, MPO, CYD, PRTN3, TGM,
COLVII, COIL, DSGL, DSG3, SOX10, 70SNRNP70, SAG and a3{IVINCI collagen; or

a peptide or portion that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to any one or more of the following proteins: MOG, GADE5S, MAG, PMP22,
TPO, VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GADZ, ARMCO, CYP21A2, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2DS6, LF, TTG, H/K ATP-ase, Factor XIII,
Betaz2-GPI, ITGB2, G-CSF, GP IIb/lla, COLII, FBG beta aipha, MPO, CYD, PRTN3, TGM, COLVII,
COIL, DSG1, DSG3, 50X10, 70SNRNP70, SAG and a3(QVINCL coliagen.

17. The CPR according to any of the preceding paragraphs wherein the target binding domain
binds to a target that is:

a) an endogenous target that is found on a tissue in the body of a subject or on a cell or
in & particular location of a subject;

b) present on tissue, or on a particular subset of tissue, or in plasma or blood of a subject,
optional in a human subject optionally in the blood;
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¢) only prasented during one or more disease states, optionally the target is a neocantigen
that arises in a tumour cell;

d) only present in significant amounts optionally present in abnormal levels on a tissue or
cell that does not normally express the target and/or is only present in a localised manner
during or more disease states;

&) an antigen, optionally a tumour negantigen or a tumour specific antigen;

fy CD19;

g) a cytokine receptor;

h) not collagen;

i} an artificial or exogenous target;

i) a designer drug;

k} a drug that has been designed using DREADD;

1} a protein selected from Table 2 on pages 23-31 of PCT/GB2020/053247 which is hereby
incorporated by reference;

m) CD276; and/or

n) IL2, KLK, amyioid, a Notch receptor and/or OLRL.

18. The CPR according to any of the preceding paragraphs wherein the target binding domain:

a) is an antibody or antigen binding fragment thereof;
b} comprises a variable heavy chain domain of an antibody and/or a variable light chain
domain of an antibody; and/or

C) comprises a kappa light chain or a fragment thereof targeting.

19. The CPR according to any of the preceding paragraphs wherein the target binding domain
comprises a portion of a protein or peptide associated with autoimmunity

20. The CPR according to any of the preceding paragraphs wherein the platelet modulation
domain is a platelet activation domain, optionally an ITAM comprising domain, optionally a
platelet ITAM comprising domain, optionally is domain that has at least 75%, 80%, 85%, 0%,
92%, 94%, 96%, 98% or 100% sequence identity to an ITAM comprising domain optionally a
platelet ITAM comprising domain.

21. The CPR of any of the preceding paragraphs wherein when the CPR is present in the
membrane of a platelet, when activated, the platelet activation domain:
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a) results in degranulation of the platelet;

b results in the release of contents from the platelet;

¢) results in the presence of intraplatelet contents on the plasma membrang of the
platalet;

d) results in the release of extracellular veasicles via blebbing from the plasma membrane;
and/or

e) resulls in a change of shape of the platelet from a biconcave disk to fully spread cell

fragments.

22. The CPR of any of the preceding paragraphs wherein the platelet activation domain is a

platelet degranulation triggering domain.

23. The CPR according to any of the preceding paragraphs wherein the platelet modulation
domain is an inhibition of platelet activation domain that prevents activation of a piatelet,
optionally wherein the inhibition of platelet activation domain is an ITIM comprising domain,
optionally is a domain that has at lgast 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to an ITIM comprising domain.

24. The CPR of any of the preceding paragraphs wherein when the CPR is present in the
membrane of a platelet, and when the inhibition of platelet activation domain is activated, the
platelet inhibition of activation domain:

a) prevents degranulation of the platelet;

b) prevents the release of contents from the platelet;

¢) prevents the presence of intracellular contents on the plasma membrane of the platelet;

d) prevents the release of extracellular vesicles via blebbing from the plasma membrane;

and/or

&) prevenis a change of shape of the platelet from a biconcave disk to fully spread cell

fragments.

25, The CPR of any of the preceding paragraphs wherein the platelet activation domain is a

platelet degranuiation triggering domain.

26. The CPR according to any of the preceding paragraphs wherein the platelet modulation

domain comprises a human modulation domain sequence.



WO 2022/263824 PCT/GB2022/051512

27. The CPR according to any of the preceding paragraphs wherein the platelet modulation
domain comprises a non-human modulation domain sequence, optionally a seguence from a

mouse.

28. The CPR according to any of the preceding paragraphs wherein the platelet modulation
domain is endogenous to the progenitor, producer or effector-chassis that the CPR is to be used
with, optionally wherein the platelet modulation domain is endogenous to an iPSC, a

megakaryocyte or a platelet.

29. The CPR according to any of the preceding paragraphs wherein the platelet modulation
domain does not comprise domains from an immunoreceptor tyrosine based activation motif
(ITAM} receptor, optionally does not comprise one or more domains, portions or fragments
thereof from Glycoprotein VI (GPVI), C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG
Raceptor IIa (FCgR2A), high affinity immunoglobulin epsilon receptor subunit gamma (FCERG),
C-Type lectin domain family 1 (CLEC1), or Fc fragment of IgG receptor II (FCGR2).

30. The CPR according to any of the preceding paragraphs wherein when the CPR is localised
to a platelet plasma membrans, after binding of the target to the target binding domain, the
platelet modulation domain triggers degranulation of the platelat.

31. The CPR according to any the preceding paragraphs wherein the plateletl modulation
domain is a platelet degranulation triggering domain and comprises:

one or more domains from an immunoreceptor tyrosine based activation motif (ITAM)
recaptor, optionally comprises one or more domains, portions or fragments thereof from
Glycoprotein VI (GPVI), C-type lectinlike receptor 2 (CLEC-2), F¢ Fragment of IgG Receptor Ia
{FCgR2A), high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 {CLECL)Y, or F¢ fragment of 1gG receptor 11 (FCGRZY; or

a domain that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to an ITAM comprising domain, optionally a platelet ITAM comprising domain,
optionally has at least 75%, 80%, 85%, 80%, 92%, 94%, 96%, 98% or 100% sequence identity
to one or more domains, portions or fragments thereof from Glycoprotein VI (GPVI), C-type
lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor Ila (FCgR2A)}, high affinity
immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
{CLEC1), or Fc fragment of IgG receptor II (FCGR2).
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32. The CPR according to any the preceding paragraphs wherein the platelet modulation
domain is an inhibition of platelet activation domain that inhibits triggering of platelst
degranulation and comprises one or more ITIM motifs, optionally wherein the gne or more ITIM
motifs is an ITIM motif from PECAML, TLT1, LILRBZ, CEACAMI or G6b-B, optionally wherein the
ITIM domain from:

LILRBZ is SEQ ID NO: 34 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference

PECAM1 is SEQ ID NO: 38 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference

CEACAML is SEQ ID NO: 24 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference.

33. The CPR according to any the preceding paragraphs wherein the platelet modulation
domain comprises one or more mutations, insertions or deletions relative to a native platelet

modulation domain sequance.

34, The CPR according to any the preceding paragraphs wherein the one or more mutations,
insertions or deletions relative {o the native moduiation domain sequence increases the sensitivity
of the CPR relative to a CPR that comprises a platelet modulation domain that does not comprise

the cne or more mutations.

35. The CPR according to any the preceding paragraphs wherein the one or more mutations,
insertions or deletions relative to the native modulation domain sequence decreases the
sensitivity of the CPR relative to a CPR that comprises a platelet modulation domain that does
not comprise the one or more mutations.

36. The CPR according to any the preceding paragraphs wherein the platelet modulation domain
comprises at least 75%, 80%, 85%, 90%, 82%, 94%, 96%, 98% or 100% segquence identity to

a naturally occurring platelet modulation domain.

37. The CPR according to any the preceding paragraphs further comprising & signal peptide
and/or linker sequence, optionally wherein;

the signal peptide comprises or consists of a portion of the sequences set out in Table
1:and/or

the signal peptide comprises or consists of a portion of any of the sequences in Table 7
on page 46 of PCT/GB2020/053247 which is hereby incorporated by reference; and/or
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optionally wherein the linker comprises or consists of the linkars or portions thereof as set
out on page 51 of PCT/GB2020/053247 which is hereby incorporated by reference.

38. The CPR according to any the preceding paragraphs further comprising a transmembrane
domain, optionally wherein the transmembrane domain comprises or consists of any one or more
of the transmembrane domains or portions thereof as set out on page 49-50 of
PCT/GR2020/053247 which is hereby incorporated by reference.

39. The CPR according to any the preceding paragraphs wherein the CPR comprises an
intracellular domain that comprises or consists of the intracellular domains or a portion thereof
as sel out on page 50 and 51 of PCT/GB2020/053247 which is hereby incorporated by reference.

40. The CPR according to any the preceding paragraphs wherein the CPR, comprises or
consists of @ combination of domains as set out on pages 41-63 of PCT/GB2020/053247 which is

hareby incorporated by reference.

41, A universal chimeric platelet receptor wherein the receptor comprises:

a) an intracelluiar domain that is a platelet modulation domain; and
b} a heterologous tag binding domain.

42. A tagged targeting peptide comprising a tag and a target binding domain, oplionally

wherein the tagged targeting peptide is a soluble peptide.

43, The tagged targeting peptide of paragraph 43 wherein the tag is a leucine zipper.

44, The universal CPR of paragraph 41 wherein the heterologous tag binding domain binds to
a tag present on a tagged targeting peptide, wherein the tagged targeting peptide comprises the
tag and a target binding domain, and

wherein whan the Universal CPR is located in a platelet plasma membrans, binding of the
targeting peptide to the universal CPR in the absence of simultaneous binding of the target
binding domain o the target is not sufficient to activate the platelet modulation domain.

45, The universal CPR of paragraph 41 or 44 wherein the heterclogous tag binding domain
binds to a tag present on a targeting peptide, wherein when the Universal CPR is located in a
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platelet plasma membrane binding of the targeting paptide to the universal CPR in the absence
of simultanecus binding of the tagged target binding domain to the target does not cause
sufficient receptor clustering to lead to activation of the platelet modulation domain.

46, The universal CPR of any of the preceding paragraphs 2 wherein the tagged targsting
peptide is a soluble peptide.

47. The Universal CPR of any of the preceding paragraphs wherein the heterclogous tag

binding domain comprises a leucine zipper.

48, A complex comprising the universal CPR according to anvy of paragraphs 41, and 44-47
and the targeting peptide according to any of paragraphs 42 or 43, wherein the universal CPR is
bound to the corresponding tag on the tagged targsting peptide via the heterologous tag binding
domain.

49, The tagged targsting peptide according to any of paragraphs 42 or 43 or complex
according to paragraph 48 wherein the target binding domain binds to a target that is endogenous
to the intended subject, optionally wherein the target is a human target.

50. The tagged targeting peptide according to any of paragraphs 42, 43 or 49, or complex
according to any of paragraphs 48 or 49 wherein the target is present on a cell surface or a tissue

surface.

51. The complex according to any of paragraphs 48-50 wherein where the complex is located
in the plasma membrane of a platelet, the target is a target such that target binding by the
complex results in complex clustering on the plasma membrane, optionally wherein said

clustering is sufficient to activate the platelet modulation domain.

52. The complex according to any of paragraphs 48-51 wherein wheare the complex is located
in the platelet plasma membrane binding of the complex to the target activates the platelat
modulation domain,

53. The tagged targeting peptide according to any of paragraphs 42, 43, 49 or 50 or the
complex according to any of paragraphs 48-52 wherein the target binding domain comprises a
human target binding domain sequence or a sequence that has at least 75%, 80%, 85%, 90%,
92%, 94%, 36%, 98% or 100% sequence identity to a human target binding domain sequence.
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54. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50 or 53 ¢r the
complex according to any of paragraphs 48-53 wherein the target binding domain comprises a
non-human target binding domain sequence, optionally:

a humanised sequencs; or

a sequence from a mouse.

55. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, 53 or 54 or
the complex according to any of paragraphs 48-54 wherein said target binding domain comprises
a target-binding ligand or fragment thereof that binds specifically to said target.

56. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-55
54¢r the complex according to any of paragraphs 48-55, wherein said target binding domain
comprises an antibody or antibody fragment that binds specifically to said target.

57. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-56 or
the complex according to any of paragraphs 48-56 wherein said target binding domain comprises
& variable heavy chain domain and/or a variable light chain domain, optionally an scFV,

58. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-57 or
the complex according to any of paragraphs 48-57 wherein the target is a tumor antigen,

necantigen or autoantigen.

59. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-58 or
the complex according to any of paragraphs 48-58 wherein the target is:

a) an antigen associated with a disease, disorder or condition; and/or
b} on a target tissue or cell in the body of a subject. optionally wherein the target tissue

or cell is a cancer tissue or ceall.

60. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-59 or
the complex according to any of paragraphs 48-59 wherein the target binding domain comprises
at least one of;

a) FCERG EC domain, CLECL EC domain,FCGR2 EC domain, GPVIA EC domain, CEACAML
EC domain, G&b-B EC domain, LILRB2 EC domain, PECAMIL EC domain and/or TLT1 EC domain
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or a sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence
identity to a FCERG EC domain, CLECL EC domain,FCGR2Z EC domain, GPVIA EC domain,
CEACAMI EC domain, G6b-B EC domain, LILRB2 EC domain, PECAML EC domain and/or TLTL EC
domain; and/or

b} the target binding domain comprises any one or more of the domains or portions thereof
set out on page 46 o 49 of PCT/GB2020/053247 which is hereby incorporated by reference, or
a sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence
identity to any one or more of the domains or portions thereof set out on page 46 to 49 of
PCT/GB2020/053247 which is hereby incorporated by reference.

61. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-60 or
the complex according to any of paragraphs 48-60 wherein the target binding domain comprises
a peptide associated with autoimmunity, optionally:

a peptide or portion of any one or more of the following proteins: MOG, GADSS, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GAD2, ARMCS, CYP21A2, CASR, NASP,
insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor
X1, Beta2-GPI, ITGB2, G-CSF, GP Ilb/ila, COLI, FBG beta alpha, MPO, CYO, PRTN3, TGM,
COLVII, COIL, DSGL, DSG3, SOX14, 705NRNP70, SAG and a3{IV)NCL coliagen; or

a peptide or portion that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to any one or more of the following proteins: MOG, GADS5, MAG, PMP22,
TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GAD2, ARMCYO, CYP21A2, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2ZDE, LF, TTG, H/K ATP-ase, Factor XIII,
Betaz2-GPI, ITGB2, G-CSF, GP IIb/Ila, COLII, FBG beta alpha, MPO, CYD, PRTN3, TGM, COLVII,
COIL, DSGL, DSG3, SOX10, 705NRNP70, SAG and a3(IVINCL collagen.

62. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 58, or 53-61 or
the complex according to any of paragraphs 48-61 according to any of the preceding paragraphs
wherein the target binding domain binds to a target that is:

a) an endogenous target that is found on a tissue in the body of a subject or on a cell or
in & particular location of a subject;

b) present on tissue, or on a particular subset of tissue, or in plasma or blood of a subject,
optional in a human subject optionally in the blood;
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¢) only presented during one or more disease states, optionally the target is a necantigen
that arises in a tumour cell;

d) only present in significant amounts optionally present in abnormal levels on a tissue or
cell that does not normally express the target and/or is only present in a localised manner
during or more disease states;

&) an antigen, optionally a tumour negantigen or a tumour specific antigen;

fy CD19;

g) a cytokine receptor;

h) not collagen;

i} an artificial or exogenous target;

i) a designer drug;

k} a drug that has been designed using DREADD;

1} a protein selected from Table 2 on pages 23-31 of PCT/GB2020/053247 which is hereby
incorporated by reference;

m) CD276; and/or

n) IL2, KLK, amyioid, a Notch receptor and/or OLRL.

The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-62 or

the complex according to any of paragraphs 48-62 wherein the target binding domain:

64,

a} is an antibody or antigen binding fragment thereof;

b} comprises a variable heavy chain domain of an antibody and/or a variable light chain
domain of an antibody; and/or

¢) comprises a kappa light chain or a fragment thereof targeting.

The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-63 or

the complex according to any of paragraphs 48-63 wherein the target binding domain comprises

a portion of a protein or peptide associated with autoimmunity

65,

The universal CPR according to any of paragraphs 41 and 44-47, or the complex according

to any of paragraphs 48-64 wherein the platelet modulation domain is a platelst activation

domain, optionally an ITAM comprising domain, optionaily a platelet ITAM comprising domain,
optionally is domain that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to an ITAM comprising domain, optionally a platelet ITAM comprising domain.



WO 2022/263824 PCT/GB2022/051512

66. The universal CPR according to any of paragraphs 41, 44-47 and 65, or the complex
according to any of paragraphs 48-6% whersin the platelet modulation domain is a platelet
activation domain, optionally wherein the platelet activation domain is a degranulation triggering
domain.

67. The universal CPR according to any of paragraphs 41, 44-47, 65 and 66, or the complex
according to any of paragraphs 48-66 wherein when the universal CPR or complex is present in
the membrane of a platelet, and when activated, the platelet activation domain:

a) results in degranulation of the platelet;

b) results in the release of contents from the platelet;

¢) results in the presence of intracellular contents on the plasma membrane of the platelet;

d) results in the release of extracellular vesicles via blebbing from the plasma membrane;

and/or

e} results in a change of shape of the platelet from a biconcave disk o fully spread cell

fragments.

68. The universal CPR according to any of paragraphs 41, 44-47, and 65-67, or the complex
according to any of paragraphs 48-67 wherein the platelet aclivation domain is a platelet

degranulation triggering domain.

69. The universal CPR according to any of paragraphs 41, 44-47, and 65-68, or the complex
according to any of paragraphs 48-68 wherein the platelet modulation domain is an inhibition of
platelet activation domain that prevents activation of a platelet, optionally wherein the inhibition
of platelet activation domain is an ITIM comprising domain, optionally is a domain that has at
least 75%, 88%, 85%, 90%, 92%, 94%, 96%, 98% or 100% seguence identity to an ITIM

comprising domain.

70. The universal CPR according to any of paragraphs 41, 44-47, and 65-69, or the complex
according te any of paragraphs 48-69 wherein when the universal CPR or complex is present in
the membrane of a platelet, and when the inhibition of platelst activation domain is activated,
the platelet inhibition of activation domain:

a) prevents degranulation of the platelet;

b) prevents the release of contents from the piatelet;

¢) prevents the presence of intracellular contents on the plasma membrane of the platelet;
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d) prevents the release of extraceliular vesicles via blebbing from the plasma membrane;
and/or

e) prevents a change of shape of the platelet from a biconcave disk to fully spread cell
fragments,

71. The universal CPR according to any of paragraphs 41, 44-47, and 65-70, or the complex
according to any of paragraphs 48-70 wherein the platelet modulation domain comprises a human

modulation domain sequence.

72. The universal CPR according to any of paragraphs 41, 44-47, and 65-71, or the complex
according to any of paragraphs 48-71 wherein the platelet modulation domain comprises a non-

hurmnan modulation domain sequencs, optionally a sequence from a mouse.

73. The universal CPR according to any of paragraphs 41, 44-47, and 65-72, or the complex
according to any of paragraphs 48-72 wherein the platelet modulation domain is endogenous to
the progenitor, producer or effector-chassis that the universal CPR or complex is to be used with,
optionally wherein the platelet modulation domain is endogenous to an iPSC, a megakaryocyie
or a platelet.

74. The universal CPR according to any of paragraphs 41, 44-47, and 65-73, or the complex
according to any of paragraphs 48-732 wherein the platelet modulation domain does not comprise
domains from an immunoreceptor tyrosine based activation motif (ITAM) receptor, optionally
does not comprise one or more domains, portions or fragments thereof from Glycoprotein VI
{GPVI}, C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor 1la (FCgR2A}, high
affinity immunoglobulin epsilon receptor subunit gamma (FCERG]), C-Type lectin domain family 1
{CLEC1), or F¢ fragment of 1gG receptor I {(FCGR2).

75. The universal CPR according to any of paragraphs 41, 44-47, and 65-74, or the complex
according to any of paragraphs 48-74 wherein when the universal CPR or compiex is localised o
a platelet plasma membrane, upon binding of the target {0 the target binding domain the platelet
rmodulation domain triggers degranuiation of the platelet.

76. The universal CPR according to any of paragraphs 41, 44-47, and 65-75, or the complex
according to any of paragraphs 48-75 wherein the platelet modulation domain is a platelet
degranulation triggering domain and comprises:
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ane or more domains from an immunoracepior tyrosing based activation motif (ITAM)
receptor, optionally comprises one or more domains, portions or fragments therecf from
Glycoprotein VI (GPVI), C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor Ila
(FCgR2A), high affinity immunocglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 {CLECL}, or Fc fragment of 1gG receptor I (FCGR2}; or

a domain that has at least 75%, 80%, 85%%, 90%, 92%, 94%, 96%, 98% or 100%
sequencea identity to an ITAM comprising domain, optionally a platelet ITAM comprising domain,
optionally has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity
to one or more domains, portions or fragments thereof from Glycoprotein VI (GPVI), C-type
lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor Ila (FCgR2A), high affinity
immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
{CLEC1), or F¢ fragment of 1gG receptor I (FCGR2).

77. The universal CPR according to any of paragraphs 41, 44-47, and 65-76, or the complex
according to any of paragraphs 48-76 wherein the platelet modulation domain is a domain that
inhibits triggering of platelet degranulation and comprises one or more ITIM motifs, optionailly
wherein the one or more ITIM motifs is an ITIM motif from PECAML, TLTL, LILRB2, CEACAMI or
G6b-B, optionally wherein the ITIM domain from:

LILRBZ is SEQ ID NO: 34 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference

PECAM1 is SEQ ID NO: 38 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference

CEACAML is SEQ ID NO: 24 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference.

78. The universal CPR according to any of paragraphs 41, 44-47, and 65-77, or the complex
according to any of paragraphs 48-77 wherein the platelet modulation domain comprises one or
more mutations, insertions or deletions relative to the native platelet modulation domain

sequence.

79. The universal CPR according to paragraph 78 or the complex according to paragraph 78
wherein the cne or more mutations, insertions or deletions relative to the native modulation
domain sequence increases the sensitivity of the universal CPR or complex of universal CPR and
tagged targeting peptide relative to a universal CPR or complex of universal CPR and tagged
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targeting peptide that comprises a platelet modulation domain that does not comprise the one or

more mutations.

80. The universal CPR according to paragraph 78 or complex according to paragraph 78
wherein the one or more mutations, insertions or deletions relative to the native modulation
domain sequence dacreases the sensitivity of the universal CPR or complex of universal CPR and
tagged targeting peptide relative to a universal CPR or complex of universal CPR and tagged
targeting peptide that comprises a platelet modulation domain that does not comprise the one or

more mutations.

81. The universal CFR according to any of paragraphs 41, 44-47, and 65-80, or the complex
according to any of paragraphs 48-80 wherein the platelet modulation domain comprises at least
75%, 80%, 85%, 0%, 92%, 94%, 96%, 98% or 100% sequence identity to a naturally occurring
platelet modulation domain.

82. The univaersal CPR according to any one of paragraphs 41, 44-47 and 65-81 or the complex
according to any of paragraphs 48-81 further comprising a signal peptide and/or linker sequence,
optionally wherein;

the signal peptide comprises or consists of a portion of the sequences set out in Table
i;and/or

the signal peptide comprises or consists of a portion of any of the sequences in Table 7
on page 46 of PCT/GB2020/053247 which is hereby incorporated by reference; and/or
optionally wherein the linker comprises or consists of the linkers or portions thereof as set out on
page 51 of PCT/GB2020/053247 which is hereby incorporated by reference.

83. The universal CPR according to any of paragraphs 41, 44-47 and 65-82 or complex
according to any of paragraphs 48-82 further comprising a transmembrane domain, optionally
wherein the transmembrane domain comprises or consists of any one or more of the
transmembrane domains or portions thersof as set out on page 49-50 of PCT/GB2020/053247

which is hereby incorporated by reference.

84. The universal CPR according to any of paragraphs 41, 44-47 and 65-83 or complex
according to any of paragraphs 48-83 wherein the CPR comprises an intraceliular domain that
comprisas or consists of the intraceliular domains or a portion thereof as set out on page 50 and
51 of PCT/GB2020/053247 which is hereby incorporated by reference.
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85. The universal CPR according to any of paragraphs 41, 44-47 and 65-84 or complex
according to any of paragraphs 48-84 wherein the CPR comprises or consists of a combination of
domains as set out on pages 41-63 of PCT/GB2020/053247 which is hereby incorporated by
reference,

86. A synthetic antigen presenting receptor (SAPR} comprising a heterologous target binding
domain wherein the target binding domain comprises:

a) an extracellular domain comprising:

i) the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has
at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a
human MHC-1 protein or fragment thereof; or

it} the MHC-2 protein or fragment thereof or a protein or fragment thereof that has
at least 75%, B0%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a

human MHC-2 protein or fragment thereof; and

b) an intracellular platelet modulation domain,

wherein said:

MHC-1 protein or fragment thereof or a protein or fragment thereof that has at least 75%,
88%, 85%, 80%, 92%, 94%, 96%, 98% or 100% sequence identity to a human MHC-1 protein
or fragment thereof; or

MHC-2 protein or fragment thereof or a protein or fragment thereof that has at least 75%,
80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a human MHC-2 protein
or fragment thereof;

is able to bind to a T Cell Receptor {TCR).

87. The SAPR according to paragraph 86 wherein said extracellular domain comprises:

heterclogous target binding domain comprises:

a) the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has at
least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a human MHC-
1 protein or fragment thereof. and an antigenic peptide, wherein said MHC-1 protein or fragment
thereof, or a protein or fragment thereof that has at least 75%, 80%, 85%, 90%, 92%, 94%,

i
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96%, 98% or 100% sequence identity to a human MHC-1 protein or fragment thereof and
antigenic peptide is able to bind to 2 TCR; and/or

b) the MHC-2 protein or fragment thereof, or a protein or fragment thereof that has at
feast 75%, 80%, 85%, 80%, 92%, 94%, 96%, 98% or 100% saguence identity to a human MHC-
1 protein or fragment thereof. and an antigenic peptide, wherein said MHC-2 protein or fragment
theraof, or a protein or fragment thereof that has at least 75%, 80%, 85%, 90%, 92%, 94%,
96%, 98% or 100% sequence identity to a3 human MHC-1 protein or fragment thereof and
antigenic peptide is able to bind to a TCR.

88. The SAPR of any of 86 or 87 wherein the antigenic peptide comprises a peptide or antigenic
portion thereof:

a} associated with cancer, an autoimmune condition, genetic disease, cardiovascular

disease and/or an infection; and/or

b) selected from:

iy the antigenic peptides listed in Table F on page 206-207; Table G on page 208;
Table H on page 208-209; Table 1 on page 209-211; Table ] page 212; Table 4 page 219-
221; Table 5 page 221-230; Table 6 page 231-234; Table 7 page 235-242 and Table 83
page 243 of WO 2015153102 these sections of which are hereby incorporated by
reference;

it} a seguence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to the antigenic peptides listed in Table F on page 206-207; Table
G on page 208; Table H on page 208-209; Table I on page 209-211; Table J page 212;
Table 4 page 219-221; Table 5 page 221-230; Table 6 page 231-234; Table 7 page 235-
242 and Table 89 page 243 of WO 2015153102 these sections of which are hereby
incorporated by reference;; and/or

¢) selected from:
iy the antigenic peptides listed in Table 1 page 47-86; Table 14 page 321; Table
15 page 321; Table 16 page 327; Table 17 page 328; Table 18 page 328-329; Table 19 page
221-223; Table 20 page 333-334; Table 21 page 340-342; Table 22 page 344-347; Table 23
page 347-348 ; and Table 24 page 349-352 of WO 2019/126818, these sections of which are
hereby incorporated by reference; or
it} a seguence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to the antigenic peptides listed the antigenic peptides listed in
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Table 1 page 47-86; Table 14 page 321; Table 15 page 321; Table 16 page 327, Table 17
page 328; Table 18 page 328-329; Table 19 page 221-223; Table 20 page 333-334;
Table 21 page 340-342; Table 22 page 344-347; Table 23 page 347-348 ; and Table 24
page 349-352 of WO 2019/126818, these sections of which are hereby incorporated by
reference;

d) selected from:

iy any one or more of the following proteins: MOG, GADGS, MAG, PMP22, TPQ,
VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GADRZ, ARMCS, CYPZ21AZ, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor
KIII, Beta2-GPI, ITGBZ, G-CSF, GP 1Ib/Ila, COLI, FBG beta alpha, MPO, CYQ, PRTN3G,
TGM, COLVII, COIL, DSGL, DSG3, SOX10, 70SNRNP70, SAG and a3{IVINCI1 collagen; or

it} a seguence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to any one or morg of the following proteins: MOG, GADG5, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIB2, NMDA, GiuR, GAD2, ARMCS, CYP21A2, CASR,
NASP, insulin, TSHR, thyroperoxidase, asiogiycoprotein receptor, CYP2D6, LF, TTG, H/K
ATP-ase, Factor XII, Beta2-GPI, ITGB2, G-CSF, GP IIb/lla, COLIL, FBG beta alpha, MPQ,
CYO, PRTN3, TGM, COLVII, COIL, DSGL, DSGE3, SOX10, 70SNRNP70, SAG and a3(IVINCL
collagen.

89. The SAPR according to any of paragraphs 86-88 wherein the extracellular domain is able
to bind to a T Cell Receptor (TCR).

90. The SAPR according to any of paragraphs 86-8%9 wherein the extracellular domain

comprises a8 human target binding domain seguence.

91. The SAPR according to any of paragraphs 86-90 wherein the extracellular domain
comprises a non-human target binding domain sequence, optionally:
a humanised sequence; or

a sequence from a mouse.

92. The SAPR according to any of paragraphs 86-91 wherein the platelet modulation domain
is a platelet activation domain, optionally an ITAM comprising domain, optionally a platelet ITAM
comprising domain, optionally is domain that has at ieast 75%, 80%, 85%, 90%, 92%, 94%,
96%, 98% or 100% sequence identity to an ITAM comprising domain, oplionally a platelet ITAM

comprising domain.



WO 2022/263824 PCT/GB2022/051512

3. The SAPR according to any of paragraphs 86-92 wherein the platelst modulation domain
is a platelet activation domain, optionally wherein the platelet activation domain is a
degranulation triggering domain.

o4, The SAPR of any of the paragraphs 86-93 wherein when the SAPR is present in the

membrane of a platelet, and when activated, the platelet activation domain:

a) results in degranulation of the platelet;

b) results in the release of contents from the platelet;

¢) results in the presence of intracellular contents on the plasma membrane of the platelet;
d) results in the release of extracellular vesicies via blebbing from the plasma membrane;
and/or

e} results in a change of shape of the platelet from 3 biconcave disk to fully spread cell

fragments.

95, The SAPR of any of paragraphs 86-94 wherein the platelet activation domain is a piatelet
degranulation triggering domain.

96. The SAFR according to any paragraphs 86-95 wherein the platelel modulation domain is
an inhibition of platelet activation domain that prevents activation of a platelet, optionally wherein
the inhibition of platelet activation domain is an ITIM comprising domain, optionally is a domain
that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to

an ITIM comprising domain.

g7, The SAPR of any of paragraphs 86-96 wherein when the SAPR is present in the membrane
of a platelet, and when the inhibition of platelet activation domain is activated the inhibition of
platelet activation domain:

a) prevents degranulation of the platelet;

b) prevents the release of contents from the platelet;

¢) prevents the presence of intraceliular contents on the plasma membrans of the platelet;

d) prevents the release of extracelluiar vesicles via biebbing from the plasma membrane;

and/or

e} prevents a change of shape of the piatelet from a biconcave disk to fully spread cell

fragments.

- 180 -



WO 2022/263824 PCT/GB2022/051512

98. The SAPR of any of paragraphs 86-97 wherein the platelet activation domain is a piatelet
degranulation triggering domain.

99, The SAPR according to any of paragraphs 86-98 wherein the platelet modulation domain
comprises a human modulation domain seguence.

100. The SAPR according to anvy of paragraphs 86-99 wherein the platelet moduiation domain

comprisas a non-human modulation domain sequence, optionally a sequence from a mouse,

101. The SAPR according to any of paragraphs 8§6-100 wherein the platelet modulation domain
is endogenous to the progenitor, producer or effector-chassis that the SAPR is to be used with,
optionally wherein the platelet modulation domain is endogenous to an iPSC, @ megakaryocyts

or a platelat.

102, The SAPR according to any of paragraphs 86-101 wherein the platelet modulation domain
does not comprise domains from an immunoreceptor fyrosine basad activation motif {(ITAM)
receptor, optionally does not comprise one or more domains, portions or fragments thereof from
Glycoprotein VI {(GPVI), C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Recepior Ila
{FCgR2A), high affinity immuncglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 (CLECL), or Fc fragment of IgG receptor II (FCGRZ).

103. The SAPR according to any of paragraphs 86-102 wherein when the SAPR is localised to
a platelet plasma membrane, upon binding of the target to the target binding domain, the platelet

modulation domain triggers degranulation of the platelet.

104. The SAPR according to any of paragraphs 86-104 wherein the platelet modulation domain
is a platelet degranulation triggering domain and comprises:

gne or more domains from an immunorecepior tyrosine bhased activation motif (ITAM)
recaptor, optionally comprises one or more domains, portions or fragments thereof from
Glycoprotein VI (GPVI), C-type lectinlike receptor 2 (CLEC-2), F¢ Fragment of IgG Receptor Ha
{FCgR2A}, high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 {(CLECL), or F¢ fragment of 1gG receptor II (FCGR2); or

a domain that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to an ITAM comprising domain, aptionaily a platelet ITAM comprising domain,
optionally has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity
to one or more domains, portions or fragments thereof from Glycoprotein VI (GPVI), C-type
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lactinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor Iz (FCgR2A), high affinity
immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLEC1), or Fc fragment of IgG receptor II (FCGR2).

105, The SAPR according to any of paragraphs 86-104 wherein the platelet modulation domain
is an inhibition of platelet activation domain that inhibits triggering of platelet degranulation and
comprises one or more ITIM motifs, optionally wherein the one or more ITIM maotifs is an ITIM
motif from PECAML, TLTL, LILRB2, CEACAMI or G6b-B, optionally wherein the ITIM domain from:
LILRBZ is SEQ ID NO: 34 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference

PECAM1I is SEQ ID NO: 38 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporaied by reference

CEACAMI is SEQ ID NC: 24 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by referernice.

106. The SAPR according to any of paragraphs 86-105 wherein the platelet moduiation domain
comprises one or more mutations, insertions or deletions relative to a native platelet modulation

domain sequenca.

107. The SAPR according to any of paragraphs 86-106 wherein the one or more mutations,
insertions or deletions relative 1o the native modulation domain seguence increases the sensitivity
of the SAPR relative to a SAPR that comprises a platelet modulation domain that does not

comprise the one or more mutations.

108. The SAPR according to any of paragraphs 86-107 wherein the one or more mutations,
insertions or deletions relative to the native meodulation domain sequence decreases the
sensitivity of the SAPR relative to a SAPR that comprisas a platelet modulation domain that does

not comprise the one or more mutations.
109. The SAPR according to any of paragraphs 86-108 wherein the platelet modulation domain
comprises at east 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequsance identity to

a naturally occurring piatelet modulation domain.

110. The SAPR according to any of paragraphs 86-109 further comprising a signal peptide
and/or linker sequence, optionally wherein;
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the signal peptide comprises or consists of a portion of the sequences set out in Table
1;and/or

the signal peptide comprises or consists of a portion of any of the sequences in Table 7
on page 46 of PCT/GB2020/053247 which is hereby incorporated by reference; and/or
optionally wherein the linker comprises or consists of the linkers or portions thereof as set out on
page 51 of PCT/GB2020/053247 which is hereby incorporated by reference.

111. The SAPR according to any of paragraphs 86-110 further comprising a transmembrane
domain, optionally wherein the transmembrane domain comprises or consists of any one or more
of the transmembrane domains or portions thereof as set out on page 49-50 of
PCT/GBR2020/053247 which is hereby incorporated by reference.

112, The SAPR according to any of paragraphs 86-111 wherein the SAPR comprises an
intracallular domain that comprises or consists of the intracellular domains or a portion thereof
as set out on page 50 and 51 of PCT/GB2020/053247 which is hereby incorporated by reference.

113, The SAPR according to any of paragraphs 86-112 wherein the SAPR, comprises or consists
of a combination of domains as set out on pages 41-63 of PCT/GB2020/053247 which is hereby
incorporated by reference.

114. An engineered protease activated receptor {ePAR) wherein the protease recognition site
is engineered to be cleaved by a protease that is not the protease that cleaves the native

recognition site.

115. The ePAR of paragraph 114 wherein, when present in the plasma membrane of a platelet,
cleavage of the proteass recognition site results in:

a} degranulation of the platelet;

b) the release of contents from the platslet;

¢) the presence of intraceliular contents on the plasma membrane of the platelet;

d) the release of extracellular vasicles via blebbing from the plasma membrane; and/or
&} a change of shape of the platelet from a biconcave disk to fully spread cell fragments.

116. The ePAR of paragraph 113 or 115 wherein cleavage of the protease resulis in release of
a fragment of the ePAR and wherein the fragment of the ePAR is a signalling molecule and effects
intraceliular signalling.
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117. The ePAR of any of paragraphs 113-115 wherein the protease recognition site is
enginesred to be a protease recognition site for a protease found in the tumour micro-
envirgnment, optionally wherein the protease recognition site for a protease found in the tumour
micro-environment is selected from the group comprising or consisting matrix metalloproteasss,
metaliopeptidases, Cathepsin B, Urokinases or Caspases.

118. The ePAR of any of paragraphs 113-117 wherein the protease recognition site is
engineered to be an orthogonal protease recognition site with respect to the intended subject.

119. The ePAR of any of paragraphs 113-118 wherein the protease recognition site is
enginearad to be a viral protease recognition site, optionally a Tobacco Etch Virus nuclear-
inclusion-a endopeptidase (TEV proteass), NS2-3 protease of hepatitis C virus (HCV protease),
or tobacco vein mottling virus {TVMY protease).

120. The ePAR according to any of paragraphs 113-119 wherein the ePAR is a3 GPCR, optionally
is an engineered PARL, PARZ, PAR3 or PARA4.

121, The aPAR according to any of paragraphs 113-120 wherein the ePAR comprises at least
75%, 80%, 85%, 80%, 92%, 94%, 96%, 98% or 100% sequence identity to a naturally occurring
PAR.

122. A nucleic acid encoding the CPR according to any of paragraphs 41, 44-47 and 65-85 or
complex according to any of paragraphs 48-85, or SAPR according to any of paragraphs 86-113,
or ePAR according to any of paragraphs 114-121.

123, The nucleic acid according to paragraph 122 wherein the nucleic acid is DNA.

124. The nucleic acid according o paragraph 122 wherein the nucleic acid is RNA.

125, The nucleic acid according to any of paragraphs 122-124 wheregin the nucleic acid is
operatively linked to a heterologous expression seguence, optionaily a heteroiogous promoter.

126. The nucleic acid of any of paragraphs 122-125 further comprising a megakaryocyte-
specific promoter.
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127. The nucleic acid according to any of paragraphs 122-126 wherein the promoter is an
inducible promoter, optionally a promoter that is inducible in an intended subject.

128. The nucleic acid according to any paragraphs 122-127 wherein the promoter is a
constitutive prompter, optionally a promoter that is constitutive in an intended subject.

129, A vector comprising a nucleic acid according to any of paragraphs 122-127, optionally

wherein the vector is a plasmid or circular nucleic acid.

130. A viral vector or viral particle comprising a nucleic acid according to any of paragraphs
122-128 or a vector according to paragraph 129.

131. A chassis comprising:

a) one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs, or ePARS according to any of the preceding paragraphs;

b) one or more nucleic acids according to any of the preceding paragraphs that encodes
the CPR, universal CPR, SAPR, or ePAR according to any of the preceding paragraphs;

C) one or more vectors according to the previous paragraphs that comprises one or more
nucleic acids according to any of the preceding paragraphs that encodes the CPR, universal
CPR, SAPR, or ePAR according to any of the preceding paragraphs; and/or

d} one or more viral vectors according to any of the previous paragraphs that comprises
one or more nucleic acids according to any of the preceding paragraphs that encodes the
CPR, universal CPR, SAPR, or ePAR according to any of the preceding paragraphs.

132. The chassis of paragraph 131 wherein the chassis has not been engineered:
o modulate one or more signaling pathways, optionally engineered to disrupt the
thrombogenic pathway and/or engineered to disrupt a platelet inflammatory signaling
pathway and/or engineered to make the enginesred producer or effector-chassis less
immunogenic; and/or

to enhance or disrupt one or more base functions of the progenitor, producer or effector-
chassis, optionally wherein the one or more or base functions are involved in the innate
and/or adaptive immune response, inflammation, angiogenesis, atheroscierosis,
lymphatic development and tumour growth.
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133. An engineered chassis, wherein the chassis has beean enginesrad:

to modulate one or more signaling pathways, optionally engineered to disrupt the
thrombogenic pathway and/or engineered to disrupt a platelet inflammatory signaling
pathway and/or engineerad to make the engineerad platelet less immunogenic; and/or

to enhance or disrupt one or more base functions of the chassis, optionally wherein the
one or more or base functions are involved in the innate and/or adaplive immune
response, inflammation, angiogenesis, atherosclerosis, lymphatic development and

tumour growth.

134. The engineered chassis of paragraph 66 wherein thea chassis has been further engineered to

comprise any one or more of:

a) one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs, or ePARS according to any of the preceding paragraphs;

b) one or more nucleic acids according to any of the preceding paragraphs that encodes
the CPR, universal CPR, SAPR, or ePAR according to any of the preceding paragraphs;
C) one or more vectors according to the previous paragraphs that comprises one or more
nucleic acids according to any of the preceding paragraphs that encodes the CPR, d}
universal CPR, SAPR, or ePAR according to any of the preceding paragraphs; and/or
one or more viral vectors according to any of the previous paragraphs that comprises one
or more nucleic acids according to any of the preceding paragraphs that encodes the CPR,
universal CPR, SAPR, or ePAR according to any of the preceding paragraphs.

135, The engineered chassis of any of the preceding paragraphs wherein the chassis does not

exXprass any one or more of:

138,

a) one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs, or ePARS according to any of the preceding paragraphs;

b} one or more nucleic acids according to any of the preceding paragraphs;

C) ong or more vectors according to the previous paragraphs,; and/or

d) one or more viral vectors according to any of the previous paragraphs.

The chassis or engineered chassis according to any of the preceding paragraphs

wherein the chassis or engineered chassis is:
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a) a progenitor-chassis, optionally is a myeloid stem celi; an iPSC; adipocyte; adipose-
derived mesenchymal stromal/stem cell line (ASCL); or cancer cell-line that is capable of
producing a producer-chassis; or other immortal cell that is capable of producing & producer-
chassis;

b) a producer-chassis, optionally is a megakaryoblast; a megakaryocyie; a
megakaryocyte-like cell; a cancer cell line that is capable of forming a platelet, a platelet-like
membrane-bound cell fragment or an anucleate cell fragrment for example a MEGOL or DAMI
cancer cell line; or other immortal cell that is capable of forming a platelet, a platelet-like
membrane-bound cell fragment or an anucleate cell fragment; or

C} an effector-chassis, optionally is a piatelet, a platelet-like membrane-bound cell

fragment or anucleate cell fragment.

137. The chassis or engineered chassis according to any of the preceding paragraphs
wherein the chassis has been modified so as to drive differentiation to & producer-chassis,
optionally drive differentiation to a megakaryocyte or a megakaryocyte-like cell, gptionally has
been forward programmed to differentiate into a megakaryocyte or a megakaryocyte-like cell.

138. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis is a producer-chassis or engineered producer-chassis and
wherein the producer-chassis or engineered producer-chassis is a megakaryoblast that can
produce a platelet, a platelet-like membrane-bound cell fragment or an anucleate cell fragment;
a megakaryocyte that can produce a platelet, a platelet-like membrane-bound cell fragment or
an anucleate cell fragment; or a megakaryocyte-like call that can produce a piatelet, a platelet-

iike membrane-bound cell fragment or an anucieate cell fragment.

139. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineerad chassis is a producer-chassis or engineered producer-chassis that is a
megakaryoblast; a megakarvocyte; a megakaryocyte-like cell; a cancer cell line that is capable
of forming a platelet, a platelst-like membrane-~-bound cell fragment or an anucleate cell fragment
for example 2 MEG01 or DAMI cancer cell line; or other immortal cell that is capable of forming
a platelet, a platelet-like membrane-bound cell fragment or an anucleate cell fragment

and wherein the megakaryoblast; megakarvocyte; megakaryocyte-like cell; cancer cell line that
is capable of forming 2 platelet, a platelet-like membrane-bound cell fragment or an anucleate
cell fragment for example a MEGO1 or DAMI cancer cell line; or other immortal cell that is capable
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of forming a platelet, a platelet-like membrana-bound cell fragment or an anucleate ceall

fragment:

a) can produce pseudopodal extensions; and/or
b) expresses TUBBL.

140. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis is an effector-chassis or engineered effector-chassis and
wherein the effector-chassis or engineered effector-chassis is a platelet, platelet-like membrane-
bound cell fragment, or anucleate cell fragment and where the platelet, platelet-like membrane-
bound cell fragment or anucleate cell fragment has been produced by fragmentation of a
producer-chassis or engineered producer-chassis according to any of the preceding paragraphs,

optionally wherein the engineered effector-chassis comprises TUBBL protein.

141. The chassis or engineerad chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis is an effector-chassis or engineered effector-chassis and
wherein the effector-chassis or engineerad effector-chassis is a platelet, platelet-like membrane-
bound cell fragment, or anucieate cell fragment that does not aggregate in a platelet aggregation

assay.

142. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis comprises one or more nucleic acids according to any of the
preceding paragraphs that encodes a CPR, universal CPR, SAPR, or ePAR according to any of the
preceding paragraphs and or one or more vectors according to any of the preceding paragraphs
that encodes a CPR, universal CPR, SAPR, or ePAR according to any of the preceding paragraphs.

143, The chassis or engineered chassis according to paragraph 142 wherein chassis or
enginagred chassis is a progenitor or producer-chassis or engineerad progenitor or producer-
chassis and wherein the one or more nucieic acids are expressed from a position within the
genomic nuclkeic acid of the progenitor or producer-chassis or enginesred progenitor or producer-
chassis, optionally wherein

1) a nucleic acid encoding a first CPR, universal CPR, compilex of universal CPR and tagged
targeting peptide, SAPR, or ePAR has been introduced into a first allele of a first locus,
and/or a nucleic acid encoding a first CPR, universal CPR, complex of universal CPR and
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fagged targeting peptide, SAPR, or ePAR has been be introduced to a second aliele of a
first locus; and/or

2} a nucleic acid encoding a first CPR, universal CPR, complex of universal CPR and tagged
targeting peptide, SAPR, or ePAR has been introduced into a first allele of a first locus and
a second nucleic acid encoding a second CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR, or ePAR has been introduced in to a first allele of a

second locus; and/or

3} a nucleic acid encoding a first CPR, universal CPR, complex of universal CPR and tagged
targeting peptide, SAPR, or ePAR has been introduced into a first allele of a first locus and
a second nucleic acid encoding a second CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAFR, or ePAR has been introduced into a second allele of
the first locus.

144. The chassis or engineered chassis according to paragraph 142 wherein the one or more

nucleic acids are expressed episomaily.

145, The chassis or engineered chassis according to any of the preceding paragraphs wherain
the chassis or engineered chassis has been engineered so as to have inhibited expression from
the beta 2 microgliobulin gene, optionally wherein the beta 2 microglobulin gene has been
knocked out or deleted,

146. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis is a mammalian chassis, optionally a human chassis, bovine

chassis, equine chassis or murine chassis.

147, The engineered chassis according to any of the preceding paragraphs wherein the
chassis has been engineerad to disrupt a platelet thrombogenic pathway.

148. The engineerad chassis according to any of the preceding paragraphs wherein the chassis
has been engineered s0 as to have reduced thrombogenicity relative to a chassis that has not
been engineered so as to have reduced thrombogenic potential, optionally wherein the
engineered chassis has no thrombogenic potential.
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149, The engineerad chassis according to any of the preceding paragraphs whearein the chassis
comprises a disruption of or deletion of at least two, three, four, five, six, seven, eight, nine, or
at least ten genes involved in the thrombogenic pathway, optionally wherein the genes are
selected from the group of genes encoding:

a protein involved in recognition of primary stimuli of thrombus formation;
a protein involved in recognition of secondary mediators of thrombus formation; and/or

a protein involved in the release of secondary mediators of thrombus formation.

150. The engineered chassis according to any of the preceding paragraphs wherein the chassis
comprises a disruption or deletion of at least:

one gene that encodes a protein involved in recognition of primary stimuli of thrombus
formation;

one gene that encodes a protein involvad in recognition of secondary mediators of
thrombus formation; and

one gene that encodes a protein involved in the release of secondary mediators of

thrombus formation;

gptionally comprises a disruption of at least:

two genes that encode a protein involved in recognition of primary stimuli of thrombus
formation;

two genes that encode a protein involved in recognition of secondary mediators of
thrombus formation; and

two genes that encode a protein involved in the release of secondary mediators of

thrombus formation;

optionally comprises a disruption of at least:

three genes that encode a protein involved in recognition of primary stimuli of thrombus
formation;

three genes that encode a protein involved in recognition of secondary mediators of
thrombus formation; and

three genes that encode a protein involved in the release of secondary mediators of

thrombus formation.

151, The engineered chassis according any of the preceding paragraphs wherein:
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the at least one, two or three genes that encode g protein involved in recognition
of primary stimuli of thrombus formation are selected from the group consisting of:
GPIb/V/IX and GPVI (GP6), ITGAZB, CLEC2, integrins s ausbs, az2b1, asb: and aebs,, or from
the group consisting of GPVI and ITGAZB;

the at least one, two or three that encode a protein involved in recognition of
secondary mediators of thrombus formation are selected from the group consisting of
Parl, Par4, P2Y12, GPIb/V/IX, the Thromboxane receptor {TBXAZR}, P2Y1, P2X1 and
integrin amebs or from the group consisting of Parl, Pard and P2Y12; and/or

the at least one, two or three genes that encode a protein involved in the release
af secandary mediators of thrombus formation are selected from the group consisting of
Cox1, HPS and thromboxane-A synthase (TBXAS1) or from the group consisting of Cox1
and HPS.

152. The engineered chassis according any of the preceding paragraphs wherein each of the

following genes is disrupted or deleted:

GPVI, ITGAZB, Parl, Par4, P2Y12, Coxl and HPS.

153. The engineered chassis according any of the preceding paragraphs wherein the chassis is

an effector-chassis and:
a) does not respond to endogenous stimuli that usual results in clot formation;
b) is not recruited by other activated platelets; and/or

¢} on activation, is not able to recruit and aclivate endogenous platelets in a patient.

154, The engineered chassis according to any of the preceding paragraphs wherein the chassis

has been engineered to have reduced immunogenicity relative to a non-enginasred chassis.

155. The engineered chassis of any of the preceding paragraphs wherein:

a) the function of endogenous MHC Class 1 and/or MHC Class 2 has been disrupted; and/or
b) expression from the B2 microgiobulin gene has been disrupted.

156. The engineered chassis of any of the preceding paragraphs wherein the g2 microglobulin

gene has been knocked out.

- 191 -



WO 2022/263824 PCT/GB2022/051512

157. The engineered chassis of any of the preceding paragraphs wherein expression from the
B2 microglobulin gene has been disrupted through the use of CRISPR gene editing, or shRNA,
optionally lentiviral delivery of shRNA.

158. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to have disrupted expression from one or more HLA genes.

159. The engineered chassis according to paragraph 158 wherein the chassis has been
engineered o have disrupted expression from any one or more of HLA-A, HLA-B and/or HLA-C,
optionally wherein expression of HLA-A and HLA-B has been entirely disrupted but wherein
expression of HLA-C has been partially disrupted, optionally wherein expression from both alleles
of HLA-A and HLA-B have been disrupted but wherein expression from only ong allele of HLA-C
has been disrupted.

160, The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to overaxpress anyone or more of the HLA class Ib genes, optionally any
one or more of HLA-G, HLA-E, CD47 and PD-L1.

161, The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered {0 overexpress any one or more of HLA-G, HLA-E, CD47 and PD-L1, and
has optionally been engineered to have inhibited expression from the beta 2 microglobulin gene.

162. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to overexpress on or more immunomodulatory genes, optionally wherein
the one or more immunomaodulatory genes is selected from the group comprising CD47 and PD-
L1,

163. The engineeread producer or effector-chassis according to any of the preceding paragraphs
wherein the producer or effector-chassis has been engineered to eliminate one or more gensas of

which the product(s) could negatively affect the potency of a cargo.

164, The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered o tune up or down the innate/adaptive response.
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165, The engineersd chassis according to any of the preceding paragraphs whearein the chassis
has been engineesred to reduce inflammation, angicgenesis, atherosclerosis, lymphatic

development and tumour growth.

166. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to disrupt one or more genes encoding adhesive proteins and/or carge
entities which are likely to indirectly counter the biological action of an engineered cargo.

187. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to downragulate or inhibit expression of TGFb and/or GARP and/or CD40L.

168. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to downregulate or inhibit expression of any one or more of CD36, NOD2Z,
SRB1, TLR1, TLRZ, TLR3, TLR4, TLRE, TLRY, CD40L, CD93 (ClgRp), C3aR, CDES (C5aR), CDBY
(FcaR1}, CD23 {FceR1), CD32 (FcyRIla), MHC classi, CD181 (CCR1), CD193 (CCR3), CD1g4
(CCR4), CD184 (CXCR4), CX3CR1, CD102 (ICAM-2), JAM-C/IJAM-3, CDE2P {P-selectin), CD31
(PECAM-1}, CD150 (SLAMF1), CCL2, CCL3, CCLE, OXCLL, CXCL12, CXCL4/PF4, CXCLS, OXCLS,
NAP2 (CXCL7), IL-1B.

169. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to disrupt or inhibit expression of TGFb and/or GARPZ,

170, The engineered chassis according o any of the preceding paragraphs wherein the chassis
has been engineered to disrupt or inhibil expression of any one or more of Siglec-7, Siglec-9,
Siglec-11 and TGFp.

171, The engineered chassis according o any of the preceding paragraphs wherein the chassis
has been engineered {0 exprass ong or more additional ITAM receptors to enhance T cell signaling

and stimulate an immune response.
172. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to have reduced immunogenicity relative to a non-engineered chassis,

wherein the chassis has been engineered to:

a) have disrupted function of MHC Class 1 genes or proteins;
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b} have disrupted exprassion from the §2 microglobulin gene, optionally to knock out the
B2 microglobulin gene;

¢} have disrupted exprassion from one or more HLA genaes;

d) have disrupted expression from any one or more of HLA-A, HLA-B and/or HLA-C,
optionally wherein expression of HLA-A and HLA-B has been entirely disrupted but wherein
axpression of HLA-C has been partially disrupted, optionally wherein expression from both
alleles of HLA-A and HLA-B have been disrupted but wherein expression from only one
allele of HLA-C has been disrupted;

e} overexpress anyone or more of the HLA dass Ib genes, optionally any one or more of
HLA-G, HLA-E, CD47 and PD-L1;

f) been engineered to overexpress any one or more of HLA-G, HLA-E, CD47 and PD-L1
and optionally has been engineered to have disrupted expression from the beta 2
microglobulin; and/or

g) overexpress one or more immunomodulatory genes, optionally wherein the one or

more immunomodulatory genes is selected from the group comprising CD47 and PD-L1,

173, The engineered chassis according o any of the preceding paragraphs wherein the chassis
has been engineered to:

a) have disrupted function of MHC Class 1 genes or proteins;

b} have disrupted expression from the B2 microglobulin gene, optionally to knock out the g2
rmicroglobulin gene;

¢} have disrupted expression from one or more HLA genes;

d} have disrupted expression from any one or more of HLA-A, HLA-B and/or HLA-C, optionally
wherein expression of HLA-A and HLA-B has been entirely disrupted but wherein expression of
HLA-C has been partially disrupted, optionally wherein expression from both alleles of HLA-A and
HLA-B have been disrupted but wherein expression from only one aligle of HLA-C has been
disrupted;

2) overexpress anyone or more of the HLA dass Ib genses, optionally any one or more of HLA-G,
HLA-E, CD47 and PD-L1;

£} overexpress any ong or more of HLA-G, HLA-E, CD47 and PD-L1 and optionally has been
engineered to have disrupted expression from the beta 2 microgiobulin gene; and/or

g) overexpress one or more immunomodulatory genes, optionally wherein the one or more
immunomodulatory genes is selected from the group comprising CD47 and PD-L1;

h} eliminate one or more genes or gene products for which the product(s) could negatively affect

the potency of a cargo;
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i) tune up or down the innate/adaptive response;

i)} reduce inflammation, angiogenesis, atheroscierosis, lymphatic development and tumour
growth;

k) have disrupted expression of one or more genas encoding adhesive proteins and/or cargo
entities which are likely to indirectly counter the bioclogical action of the engineered cargo,
potentially leading to a greater net therapeutic effect;

Y downregulate or inhibit expression of TGFb and/or GARP and/or CD40L;

n} downregulate or inhibit expression of any one or more of CD36, NOD2, SRB1, TLR1, TLRZ,
TLR3, TLR4, TLRE&, TLRO, CD40L, CD93 (ClgRp), C3aR, CD83 (C5aR), CD8Y (FcuR1l}), CD23
{FceR1}, CD32 (FoyRIla), MHC classl, CD191 (CCR1}), CD193 (CCR3), CD194 (CCR4), CD1iB4
{CXCR4), COX3CR1, CD102 (ICAM-2), JAM-C/IAM-3, CD62P (P-selectin), CD31 (PECAM-1}, CD150
(SLAMFL), CCL2, CCL3, CCLE, CXCLL, CXCL12, CXCL4/PF4, OXCLE, CXCLS, NAP2 (CXCL7), IL-1p
o) disrupt or inhibit expression of TGFb and/or GARP;

q) disrupt or inhibit expression of any one or more of Siglec-7, Siglec-9, Siglec-11 or TGFB

s} disrupt or inhibit expression of any one or more of GPIb/V/IX and GPVI (GP&), ITGAZB, CLEC2,
integrins s allbb3, a2bl, a5bl and aébl, GPVI and ITGAZB;

£) disrupt or inhibit expression of anyone or more of Parl, Pard4, P2Y12, GPIb/V/IX, the
Thromboxane receptor (TBXAZR}, P2Y1, P2X1 and integrin allbb3 or from the group consisting
of Parl, Par4 and P2Y12;

u} disrupt or inhibit expression of anyone or more of Coxl, Cox2, HPS, prothrombin, PDGF, EGF,
von Willebrand Factor and thromboxane-A synthase (TBXASL);

v) to synthesise a protein or RNA of interest in response to activation of the platelet or platelet-
fike membrane-bound cell fragment, optionally wherein the protein or RNA of interest is
aexpressed from the BCL-3 mRNA untransiated regions, optionally 5'UTR;

z} to express one or maore cargo proteins or cargo RNAs, optionally wherein the cargo protein or
cargo RNA comprises an alpha-granule targeting signal, optionally comprises a platelet factor 4
{FF4) or von Willebrand factor {(vWf};

aa) express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs of any of the preceding paragraphs, optionally express at least 3, 4, 5,
&, 7, 8, 9 or at least 10 different CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs of any of the preceding paragraphs;

bb) express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs of any of the preceding paragraphs, and wherein the target binding
domain of the at least two CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs are directed towards different targets;
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cc) exprass at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAFPRs or ePARs of any of the preceding paragraphs, and wherein the target binding
domain of the at least two CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs are directed towards different targets, and wherein:
i} the platelet modulation domain of & first CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR or ePAR is a platelet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain, and wherein the
platelet modulation domain of a second CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR is a platelet inhibition domain, optionally is a
domain that prevents triggering of platelet degranulation, optionally is an ITAM containing
domain;
ii) the platelet modulation domain of a first CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR or ePAR is a platelet activation domain optionally &
degranuiation triggering domain optionally an ITAM containing domain, and wherein the
platelet modulation domain of a second CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR is a plaielet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain;

dd) express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peplides, SAPRs or ePARs of any of the preceding paragraphs that operate together {o form a
fogic circuit;

ee} express one or more cargo, oplionally wherein the cargo is selected from the group
comprising:
a) a protein or peptide - optionally wherein the protein or peptide is:

iy an antibody or antigen binding fragment thereof, for example an antibody or

antigen binding fragment thereof binds to a tumor antigen or a neoantigen;

Y an enzyme, such as a nuclease for example a TALEN;

iii} a cytokine for exampie IL-10; or

iv} 8 CRISPR associated protein, for example Cas9;

v) a bispecific protein, for example a bispecific antibody or optionally a T-cell
engager (BITE);

vi} a fusion protein comprising an exosome targeting domain, optionally wherein

the fusion protein comprises:

a) the cargo protein or peptide; and
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b) an exosome targeting domain, optionally wherein the exosome targeting
domain is selected from the group comprising or consisting of:

i} an exosome specific membrane protein or exosome
membrane targeting portion thereof, for example:

a tetraspanin, for example CD&3; or

a non-tetraspanin such as PTGFRN or BASPL

i} an exgosome targeting sequence from a soluble protein,

optionally the WW domain of Nedd4 ubiguitin ligases;

ili) a ubiquitin tag; and/or
iv) a tag binding domain, optionally a nancbody directed
against a tag, optionally a nanobody directed against GFP.

b} a nucleic acid, optionally wherein the nucleic acid is:
iy an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
reqularly interspaced short palindromic repeats (CRISPR) sequence; and/or
iiYan RNA that comprises an exosome targeting domain, optionally wherein the
exosome targeting domain is selected from the group comprising or consisting of:

a) an exgsome targeting hairpin or linear motif;

b) a viral exosome targeting RNA or exosome targeting fragment thereof;
ili) an RNA that comprises an aptamer domain, optionaily wherein the aptamer domain is

selected from:

a) a M&2 binding stem-loop;

b} a C/D box; and/or

¢} an AU rich element, optionally wherein the RNA is an mRNA that encodes

Cas9;

) express a fusion protein wherein the fusion protein comprises:

i} the bacteriophage coat protein MS2 fused to an exosome membrane protein,

optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE3; and/or
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i} the archaeal ribosomal protein L7Ae fused to an exosoms membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VSVG, CD63; and/or

iti} a CD9-HuUR fusion protein;

optionally wherein the fusion protein further comprises a light activated dimerization protein;

gg) to express one or more cargo only upon binding of one or more CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs to the target,
optionally wherein the cargo is selected from the group comprising:
a) a protein or peptide, optionally:
iy an antibody or antigen binding fragment thereof, for example an antibody or
antigen binding fragment thereof binds to a tumor antigen or a neoantigen;
i) an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for example IL-10; or
iv} 8 CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell
engager (BITE)
b} a nucleic acid ~ in some embodiments the nucleic acid is:
i} an RNA, for example selected from mRNA, a2 miRNA, shRNA, and a clusterad

regularly interspaced short palindromic repeats (CRISPR) seguence,

optionally wherein the cargo is expressed from the Bcl-3 mRNA untranslated
regions, optionally 5’'UTR.

174, The chassis or engineered chassis according to any of the preceding paragraphs wherain
the chassis or engineered chassis comprises one or more cargo, optionally wherein the

enginasred chassis has baan:

a) loaded with one or more cargo; and/or
b) engineered so as to provide one or more Cargo.

175. The chassis or engineered chassis according to any of the preceding paragraphs wherein

the cargo is selected from any one or more of:
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a) a protein or peptide ~ in some embodiments the protein or peptide is:
i} an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a neocantigen;
it} an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for example IL-10; or
ivy a CRISPR associated protein, for example Cas9;
v) a hispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
} a nucleic acid - in some embodiments the nucleic acid is:
iy an RNA, for example selected from mRNA, a3 miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence; or
il} a DNA vector;
¢} a toxin;
d} a small molecule drug, imaging agent, radionucleotide drug, radionucliestide tagged
antibody, or any conjugate thereof;
@) a viral vector such as AAY;
)y & virus such as oncolytic virus;
g} agents for performing CRISPR mediated gene editing;
h) an exosome, for example an exosome pre-icaded with a second cargo; and/or
i} or a nanoparticle or nanoparticles.

or any combination thereof.

176. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the cargo is an endogenously expressed cargo,
optionally wherein the endogenously expressed cargo is any one or more of:

a) a proteain or peptide ~ in some embodiments the protein or peptide is:
i} an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragmeant thereof binds to a tumor antigen or a neocantigen;
it} an enzyme, such as a nuclease for example a TALEN;
ili) a cytokine for example IL-10; or
iv) a CRISPR associated protein, for example Cas9;
V) a hispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)

b} a nucleic acid - in some embodiments the nucleic acid is:
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i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly

interspaced short palindromic repeats (CRISPR) sequence.

177. The chassis or engineered chassis according to any of the preceding paragraphs wherein
a cargo is exogenously loaded into the chassis or engineered chassis,
optionally wherein exogencously loaded cargo is any one or more of:

a) a protein or peptide - in some embodiments the protein or peplide is:
iy an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a necantigen;
ii} an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for exampile IL-10; or
ivy a CRIGPR associated protein, for example €as9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell angager
(BITE)
b} a nucleic acid - in some embodimeants the nucleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered reqularly
interspaced short palindromic repeats {CRISPR) sequence.

178. The chassis or engineered chassis according to any of the preceding paragraphs where
the chassis or engineered chassis comprises a cargo and wherein the cargo has been exogenously
ioaded into or onto the chassis or engineered chassis, optionally into the cytoplasm, into the

plasma membrane, or onto the extraceliular surface.

179. The chassis or engineered chassis according to any of the preceding paragraphs
wherein where the chassis or engineered chassis comprises a cargo, the cargo comprises an

exosome targeting domain.

180. The chassis or engineered chassis according to paragraph 179 wherein the cargo is a

protein or peptide that is a fusion protein comprising:

a) the cargo protein or peptide; and

b) an exosome targeting domain, optionally wherein the exosome targeting domain is

selected from the group comprising or consisting of:
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i} an exosome specific membrane protein or exosome membrane targeting portion
thereof, for example:

a tetraspanin, for example CDE3; or

a non-tetraspanin such as PTGFRN or BASPL

i} an exosome targeting sequence from a soluble protein, optionally the WWwW

domain of Nedd4 ubiquitin ligases;

iii} a ubiquitin tag; and/or

iv) a tag binding domain, optionally a nanobody directed against a tag, optionally
a nanobody directed against GFP; and/or

v} a protein selected from the proteins listed in Table A.

181, The chassis or engineered chassis according to paragraph 179 wherein the cargo is an

RNA, and the exosome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exgsome targeting RNA or exgsome targeting fragment thereof;

¢} an aptamer, optionally:
iy a MS2 binding stem-loop;
i} a C/D box; and/or
ili} an AU rich slement, optionally wherein the RNA is an mRNA that encodes Casf.

182. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis has been engineered to express a fusion protein, wherein the

fusion protein comprisas:
a) the bacteriophage coat prolein MS2 fused to an exosome membrane protein,

optionally wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VSVG, CD63 or any of the proteins of Table A; and/or

- 201 -



WO 2022/263824 PCT/GB2022/051512

b) a fusion protein comprising the archeal ribosomal protein L7Ae fused o an exosome
membrane protein, optionally wherein the exosome membrane protein is selected from the group
comprising or consisting of Lamp2b, VSVG, CDS3 or any of the proteins of Table A; and/or

¢} an apitamer binding protein fused to an exosome membrane protein, optionally
wherein the exosome membrane protein is selected from the group comprising or consisting of
Lamp2b, VSVG, CDE3 or any of the proteins of Table A;

183. The chassis or engineered chassis according to paragraph 182 wherein the fusion

protein further comprises a light activated dimerization protein.

184. The chassis or engineered chassis according to any of the preceding paragraphs
wherein where the chassis or engineered chassis comprises a cargo that is an RNA that comprises
an exgpsome targeting domain that is an MS2 binding stem-loop, the chassis or engineered
chassis has been engineered to express a fusion protesin, wherein the fusion protein compriseas
the bacteriophage coat protein MS2 fused 10 an exosome membrane protein, optionally wherein
the exosome membrane protein is selected from the group comprising or consisting of Lamp2b,
VSVG, CDE3 or any of the proteins of Table A;

optionally wherein the fusion protein further comprises a light activated dimerization domain.

185. The chassis or engineered chassis according to any of the preceding paragraphs
wherein where the chassis or engineered chassis comprises a cargo that is an RNA that comprises
an exgsome targeting domain that is a C/D box, the chassis or engineered chassis has been
engineered to express a fusion protein, wherein the fusion protein comprises the archaeal
ribosomal protein L7Ae fused to an exgsome membrane protein, optionally wherein the exosome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG, CD63
or any of the proteins of Table A;

optionally wherein the fusion protein further comprises a light activated dimerization domain.

186. The chassis or engineered chassis according to any of the preceding paragraphs
wherein where the chassis or engineered chassis comprises a cargo that is an RNA that comprises
an aptamer, the chassis or engineered chassis has been engineered to express a fusion protein,
wherein the fusion protein comprises a protein or fragment thereof capable of being bound by
the aptamer fused to an exosome membrane protein, optionally wherein the exosome membrane
protein is salected from the group comprising or consisting of Lamp2b, VEVG, CDE3 or any of the
proteins of Table A;

optionally wherein the fusion protein further comprises a light activated dimerization domain.
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187. The chassis or engineered chassis according to any of the preceding paragraphs
wherein where the chassis or enginesred chassis comprises a cargo that is an RNA that comprises
an exosome targeting domain that is an AU rich element, the producer or effector-chassis has
been engineered {0 express a fusion protein, wherein the fusion protein is a CD9-HuR fusion
protein,

188. The chassis or engineered chassis according to any of the preceding paragraphs
wherein the cargo is an RNA that encodes a Cas protein, optionally a Cas9 protein.

189. The chassis or engineered chassis according to any of the preceding paragraphs
wherein the progenitor, producer or effector-chassis has been engineeared {0 express one or more
sgRNAS.

190. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis comprises a nucleic acid encoding one or more cargo,
optionally:

wherein the nucleic acid comprises a heterologous sequence;
wherein the cargo is a heterologous cargo; and/or
the cargo comprises one or more targeting sequences, optionally comprises an exosome targeting

domain.

191, The chassis or engineered chassis according to any one of the preceding paragraphs
wherein the chassis or engineered chasses comprises any one or more of a CPR, universal CPR,
complex of universal CPR and tagged targeting peptide, SAPR or ePAR as defined by the preceding
paragraphs, and wherein the chassis or engineered chassis endogenously expresses a cargo that
is only expressed when:

a) the target binding domain of any one or more of the CPR, universal CPR, complex of
universal CPR and tagged targeting peptide or SAPR binds to the target; and/or
b) the ePAR is cleaved by the protease;

optionally:
wherein the cargo is toxic to the chassis or to the subject; and/or
the cargo is expressed from the Bci-3 mRNA untranslated regions, optionally S'UTR.
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182, The chassis or engineered chassis according to any of the preceding paragraphs where
the chassis or engineered chassis comprises a cargo and wherein the cargo has been exogenously
ioaded into or onto the chassis or engineered chassis, optionally into the cvtoplasm, into the
plasma membrane, or onto the extracellular surface.

193, A nucleic acid encoding a cargo, optionally wherein the cargo is selected from:

a) a protein or peptide, optionally:
i) an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a neoantigen;
i} an enzyme, such as a nuclease for example & TALEN;
iti} a cytokine for example IL-10; or
iv) a CRISPR associated protein, for example Cas9;
V) a bispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
b} a nucleic acid, optionally an RNA, optionally an RNA selected from an mRNA, a miRNA,
shRNA, and a clustered regularly interspaced short palindromic repeats (CRISPR) sequence;

optionally wherein the cargo comprises a targeting domain, optionally comprises an exgsome

targeting domain.

194, The nucleic acid according to paragraph 193 wherein the nucleic acid encodes the cargo
in-frame with an alpha-granule localisation signal, optionally wherein the alpha-granule
iocalisation signal is selected from PF4 of vWf,

195, The chassis or engineered chassis according to any of the preceding paragraphs where
the chassis or engineered chassis comprises a nucleic acid according to paragraphs 83 or 194,

186. The chassis or engineered chassis according to any of the preceding paragraphs where
the chassis or enginesred chassis comprises a cargo and wherain the cargo is stored or located
in the granules optionally in the alpha-granule, in the exosomes, optionally exosomes located
with alpha-granules, in the cytoplasm, in the plasma membrane, and/or on the external surface
of the plasma membrane.
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197. The chassis or engineered chassis according to any of the preceding paragraphs where
the chassis or engineered chassis comprises a cargo and the cargo is:

a therapeutic agent;

an imaging agent,

a non-therapeutic agent; and/or

a cosmetic-agent.

198. A targeted delivery system comprising a chassis or engineered chassis as defined in any
of the preceding paragraphs wherein the chassis or engineered chassis is an effector-chassis that
exprasses one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs according to any of the preceding paragraphs, optionally wherein the
targeted delivery system is a therapeutic targeted delivery system or a non-therapeutic delivery

system.

199, A non-thrombogenic targeted delivery system comprises an engineered chassis as defined
in any of the preceding paragraphs wherein the engineered chassis is an engineerad effector-
chassis that expresses one ¢r more CPRs, universal CPRs, complexes of universal CPRs and
tagged targeting peptides, SAPRs or ePARs according to any of the preceding paragraphs and
wharain the effector-chassis has been engineered to disrupt the thrombogenic pathway targeted
delivery system is a non-thrombogenic therapeutic targeted delivery system or a non-
thrombogenic non-therapeutic delivery system.

200, The targeted delivery system or the non-thrombogenic targeted delivery system of the
preceding paragraphs wherein the system further comprises one or more cargo, optionally
wherein the cargo comprises one or more targeting domains, optionally comprises an exosomea

targeting domain.

201, A chassis or engineered chassis according to any of the preceding paragraphs and/or CPR,
universal CPR, complex of univarsal CPR and tagged targeting peptide, SAPR or e@PAR according
to any of the preceding paragraphs for use in medicine, optionally wherein the chassis is an
effector-chassis.

201. A chassis or engineered chassis and/or CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR according to any of the preceding paragraphs for use in

delivering a therapeutic or imaging cargo,; or treating or preventing cancer, an autocimmunity
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disease, genetic dissase, cardiovascular disease and/or an infection, optionally wheregin the
chassis or engineered chassis is an effector-chassis or engineered effactor-chassis.

202. A method of delivering a cargo comprising administering an effective amount of any one
or more of a chassis or engineered chassis according to any of the preceding paragraphs,
optionally wherein the chassis or engineered chassis compriseas one or more CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs according to any of
the preceding paragraphs, optionally wherein the chassis or engineered chassis is an effector-
chassis or engineered effector-chassis.

203. A method of targeted cargo delivery to a target cell, tissue or site in the body wherein the
meathod comprises administering an effective amount of any one or more of a chassis or
engineered chassis according to any of the preceding paragraphs, optionally wherein the chassis
or engineered chassis comprises one or more CPRs, universal CPRs, complexes of universal CPRs
and tagged targeting peptides, SAPRs or ePARs according to any of the preceding paragraphs,
wherein the targeting domain of the CPR, univarsal CPR, complex of universal CPR and tagged
targeting peptide, SAPR or ePAR binds to the target cell, tissue or site in the body, optionally
wherein the chassis or engineered chassis is an effector-chassis or engineered effector-chassis.

204. A non-therapeutic method of delivering cargo to a subject in need thereof.

205, A method of treatment comprising administering an effective amount of any one or more
of a chassis or enginesred chassis according to any of the preceding paragraphs, optionally
wherein the chassis or engineered chassis comprises one or more CPRs, universal CPRs,
complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs according to any of
the preceding paragraphs, optionally wherein the method is for the treatment or prevention of
any one or more of cancer, an auloimmunity disease, genetic disease, cardiovascular dissase
and/or an infection, optionally wherein the chassis or engineered chassis is an effector-chassis or

engineered effector-chassis.

206. Use of any one or more of a chassis or an enginsered chassis according to any of the
preceding paragraphs, optionally wherein the chassis or engineered chassis comprises one or
more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs
or @PARs according to any of the preceding paragraphs, in the manufacture of a medicament for
the treatment or prevention of disease or infection, optionally for the treatment or prevention of

any one or more of cancer, an auicimmunity disease, genetic disease, cardiovascular disease
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and/or an infection, optionally wherein the chassis or engineered chassis is an effector-chassis or
engineered effector-chassis.

207, A method of using the chassis or engineered chassis of any of the preceding paragraphs
to deliver a cargo, optionally a therapeutic agent, by administering the chassis or enginesred
chassis to a2 patient in need thereof optionally wherein the chassis or engineered chassis
comprises one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs according to any of the preceding paragraphs, optionally wherein the

chassis or engineered chassis is an effector-chassis or engineered effector-chassis.

208. A kit comprising any two or more of the following:

a) A chassis according to any one or more of the preceding paragraphs;

b} An engineered chassis according to any one or more of the precading paragraphs;

¢} An engineered platelet or platelet-like membrane-bound cell fragment according to any one or
more of the preceding paragraphs;

d} A therapeutic agent and/or an imaging agent;

e) A CPR, universal CPR, complaex of universal CPR and tagged targeting peptide, SAPR or ePAR
according to any one or more of the preceding paragraphs; and/or

f} A nucleic acid encoding a CPR, universal CPR, complex of universal CPR and tagged targeting
peptide, SAPR or ePAR according to any one or more of the preceding paragraphs;

g} a nucleic acid encoding one or more cargo as defined in any one or more of the preceding
paragraphs; and/or

h} one or more cargo as defined in any one or more of the preceding paragraphs.

209, A method for the targeted delivery of cargo-comprising exosomes wherein the method
comprises administering a chassis or engineered chassis according to any of the precading
paragraphs to a subject in need thereof wherein:

a} the chassis or engineered chassis expresses one or more chimeric platelet receptors
{CPRs), universal chimeric platelet receptors (universal CPRs), complexes of universal CPRs and
tagged targeting peptides, synthetic antigen presenting receptors (SAPRs), or engineered
protease activated receptors (@PARS), optionally comprises at least one CPR or universal CPR;
and
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b} the chassis or engineerad chassis comprises a cargo that has been targeted io the
exosomes by engineering of the cargo and/or chassis or engineered chassis.

210. The method according to paragraph 209 wherein the cargo is selacted from any one or

rmore of:

a)} a protein or peptide ~ in some embodiments the protein or peptide is:
iy an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a necantigen;
i} an enzyme, such as a nuclease for example a TALEN;
iii) a cytokine for example IL-10; or
iv) a CRISPR associated protein, for exampie Cas9;
v} a bispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
b) a nucleic acid - in some embodiments the nucleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clusterad
regularly interspaced short palindromic repeats (CRISPR) seguence; or
i} a DNA vector;
¢} a toxin;
d}y a small molecule drug, imaging agent, radionucleotide drug, radionuclectide tagged
antibody, or any conjugate thereof;
e} a viral vector such as AAV;
£} a virus such as oncolytic virus;
q) agents for performing CRISFR mediated gene editing;
h} an exosome, for example an exosome pre-loaded with a second cargo; and/or
i) or a nanoparticle or nanoparticles;

or any combination thereof.

211. The method according to paragraph 209 or 210 wherein the chassis or engineerad chassis
has been engineered to endogenously express a cargo that comprises an exosome targeting

domain and:

A} where the cargo is a protein or peptide, the protein or peptide is a fusion protein

comprising:

i} the cargo protein or peptide; and
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i) an exosome targeting domain, optionally wherein the exosome targeting domain
is selected from the group comprising or consisting of:

a) an exosome specific membrane protein or exosome membrane targeting
portion thereof, optionally;

a tetraspanin, for example CDE&3; or

a non-tetraspanin such as PTGFRN or BASPL

b) an exosome targeting seguence from a scluble protein, optionally the
WW domain of Nedd4 ubiguitin ligases;

¢} a ubiguitin tag; and/or

d) a tag binding domain, optionally & nancbody directed against a tag,
optionally a nanobody directed against GFP; and/or

&} a protein selected from the proteins listed in Table A;

B) where the cargo is an RNA, the exosome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
C) an aptamer, optionally:
i}y a MS2 binding stem-ioop;
ity a C/D box; and/or
iti} an Al rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,

optionally wherein:
where the cargo is an RNA that comprises an MS2 binding stem-loop the chassis
or engineered chassis is also engineered to express a fusion protein comprising the
bacteriophage coat protein MS2 fused to an exosome membrane protein, optionally
wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VSVG, CD63 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein;
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where the cargo is an RNA that comprises a /D box, the chassis or engineered chassis
is also engineered to exprass a fusion protein comprising the archael L7 ribosomal L7Ae
protein fused to an exosome membrane protein, optionally wherein the exgsoms
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CD63 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineered
chassis has been engineered to express a fusion protein that is a CD9-HuR fusion protein,
optionally wherein the fusion protein further comprises a light activated dimerization
protein;

where the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineerad to express a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
optionaily wherein the exosome membrane protein is selected from the group comprising
ar consisting of Lamp2b, V&VG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein.

210. The method according to paragraph 209 wherein chassis or engineerad chassis has been
exogenously loaded with a cargo that comprises an exosome targeting domain, optionally
wherein:

A) where the cargo is a protein or peptide, the protein or peptide is a fusion protein

comprising:

i} the cargo protein or peptide; and

ity an exosome targeting domain, optionally wherein the exosome targeting domain

is selected from the group comprising or consisting of:

a) an exosome specific mambrane protein or exosome meambrane fargeting
portion thereof, optionally;

a tetraspanin, for example CD63; or

a non-tetraspanin such as PTGFRN or BASPI

b) an exosome targeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiquitin ligases;
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¢} a ubiquitin tag; and/or

d) a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or

e} a protein selected from the proteins listed in Table A;

B} where the cargo is an RNA, the exgsome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
¢} an aptamer, optionally:
i} a MS2 binding stem-ioop;
ity a ¢/D box; and/or
ili} an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,

optionally wherein:
where the cargo is an RNA that comprises an M52 binding stem-loop the chassis

or engingered chassis is also engineered to express a fusion proiein comprising the
bacteriophage coat protein MS2 fused to an exosome membrane protein, optionally
wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VEVG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprisas a light activated dimerization protein;

where the carggo is an RNA that comprises a C/D box, the chassis or engineered chassis
is also engineered {0 express g fusion protein comprising the archael L7 ribosomal L7As
protein fused to an exosome membrane protein, optionally wherein the exosome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CD63 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineered
chassis has been engineered 1o express a fusion protein that is a CDY9-HuR fusion protein,
optionally wherein the fusion protein further comprises a light activated dimerization
protein;

whera the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineered to express a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
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aptionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE3 or any of the proteins of Table A, optionally wherain
the fusion protein further comprises a light activated dimerization protein.

211. Anengineerad chassis according to any of the preceding paragraphs for use in the targeted
delivery of therapeutic cargo-comprising exosomes 1o a subject in need thereof for use in
medicine, optionally for use in treating or preventing cancer, an autoimmunity disease, genetic

disease, cardiovascular disease and/or an infection,

wherein the enginesred chassis is an engineered effector-chassis that comprisas a cargo
that has been targeted to the exosomes by engineering of the cargo and/or chassis or engineered
chassis.

212. The enginsered chassis for use according to paragraph 211 wherein the cargo is selected

from any one or more of;

a) a protein or peptide — in some embodimeants the protein or peptide is:
iy an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment theraof binds to a tumor antigen or a neocantigen;
ii} an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for example IL-10; or
iv)y a CRISPR associated protein, for example Cas9;
V) a bispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
b} a nucleic acid - in some embodiments the nucleic acid is:
iy an RNA, for example selected from mRNA, a miRNA, shRNA, and a clusterad
requilarty interspaced short palindromic repeats (CRISPR) sequence; or
ii} a DNA vector;
c) a toxin;
d} a small molecule drug, imaging agent, radionucleotide drug, radionuclectide tagged
antibody, or any conjugate thereof;
e} a viral vector such as AAV;
fy a virus such as oncolytic virus;
g} agents for performing CRISPR mediated gene editing;
h} an exosome, for example an exosome pre-ioaded with a second cargo; and/or

i) or a nanopatticle or nanoparticles;
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ar any combination thereof.

213. The engineered chassis for use according to paragraph 211 or 212 wherein the chassis or
engineered chassis has been engineered to endogenously express a cargo that comprises an
exosome targeting domain and:

A) where the cargo is a protein or peptide, the protein or peptide is a fusion protein

comprising:

i} the cargo protein or peptide; and

ii} an exosome targeting domain, optionally wherein the exosome targeting domain

is selected from the group comprising or consisting of:

a) an exosome specific membrane protein or exosome membrane targeting
portion thersof, optionally;

a tetraspanin, for example CD6G3; or

a non-tetraspanin such as PTGFRN or BASP1

b} an exosome targeting sequence from a soluble protein, oplionally the
WW domain of Nedd4 ubiquitin ligases;

C} a ubiquitin tag; and/or

d) a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or

&} a protein selected from the proteins listed in Table A;

B) where the cargo is an RNA, the excsome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
¢) an aptamer, optionally:

i)y a MS2 binding stem-loop;

iy a C/D box; and/or
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ili} an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,

optionally wherein:
where the cargo is an RNA that comprises an M52 binding stem-loop the chassis

gr engineered chassis is also engineered to express a fusion proiein comprising the
bacteriophage coat protein MS2Z fused to an exosome membrane protein, optionally
whereain the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VEVG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprisas a light activated dimerization protein;

where the cargo is an RNA that comprises a C/D box, the chassis or engineered chassis
is also engineered to express g fusion protein comprising the archael L7 ribosomal L7As
protein fused to an exosome membrane protein, optionally wherein the exosome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CDE3 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineerad
chassis has been engineered to axpress a fusion protein that is a CDY9-HuR fusion protein,
gptionally wherein the fusion protein further comprises a light activated dimerization
protein;

where the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineered 1o express a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein.

214, The engineered chassis for use according to paragraph 211 or 212 wherein chassis or
enginasred chassis has been exogenously loaded with a cargo that comprises an exosome
targeting domain, optionally wherein:
A) where the cargo is @ protein or peptide, the protein or peptide is a fusion protain
comprising:

iy the cargo protein or peptide; and
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il} an exosome targeting domain, optionally wherein the exosome targeting domain
is selected from the group comprising or consisting of:

a} an exosome specific membrane protein or exosome membrane targeting
portion thereof, opticnally;

a tetraspanin, for example CD&3; or

a non-tetraspanin such as PTGFRN or BASPL

b) an exosome targeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiquitin ligases;

¢} a ubiguitin tag; and/or
dy a tag binding domain, optionally a nanchody directed against a tag,
optionally a nanobody directed against GFP; and/or

e} a protein selected from the proteins listed in Table A;

B) where the cargo is an RNA, the exosome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
¢) an aptamer, optionally:
i}y a M&2 binding stem-loop;
iiy a C/D box; and/or
iliy an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cash,

optionally wherein:
where the cargo is an RNA that comprises an MS2 binding stem-loop the chassis
or engineered chassis is aise engineered to express a fusion protein comprising the
bacteriophage coat protein MS2 fused to an exosome membrane protein, optionally
wherein the exosome membrane protein is selected from the group comprising or
consisting of Lampdb, VSVG, CD63 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein;
where the cargo is an RNA that comprises a C/D box, the chassis or engineered chassis
is also enginaered {o express a fusion protein comprising the archael L7 ribosomal L7Ae
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protein fused o an exosome membrane protein, optionally wherein the exosome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CDE&3 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineered
chassis has been engineered 10 express a fusion protein that is a CD9-HuR fusion protein,
optionally wherein the fusion protein further comprises a light activated dimerization
protein;

where the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineered to express a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein.

215. Use of an engineered chassis according to any of the preceding paragraphs in the
manufacture of a medicament for use in the targeted delivery of therapeutic cargo-comprising
exosomes to a subject in need thereof for use in medicine, optionally for use in treating or
preventing cancer, an autcimmunity disease, genetic disease, cardiovascular disease and/or an

infection,

wherein the engineered chassis is an engineered effector-chassis that comprises a cargo
that has been targeted to the exosomes by engineering of the cargo and/or chassis or engineered

chassis.

216. The use according to paragraph 215 wherein the cargo is selected from any one or more

of:

a) a protein or peptide - in some embodimants the protsin or peptide is:
i} an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a necantigen;
il} an enzyme, such as a nuclease for example a TALEN;
ili) a cytokine for example IL-10; or
iv) a CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
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b} a nucleic acid - in some embodiments the nucleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence; or
it} 3 DNA vector;
<) a toxin;
d)y a small molecule drug, imaging agent, radionucleotide drug, radionuclectide tagged
antibody, or any conjugate thereof;
e) a viral vector such as AAV;
£} a virus such as oncolytic virus;
g) agents for performing CRISPR mediataed gene editing;

or any combination thereof.

217. The use according to paragraph 215 or 216 wherein the chassis or enginssared chassis has
been engineered to endogenously express a cargo that comprises an exosome targeting domain
and:

A) where the cargo is @ protein or peptide, the protein or peptide is a fusion protein

comprising:

i} the cargo protein or peptide; and

i} an exosome targeting domain, optionally wherein the exosome targeting domain
is selected from the group comprising or consisting of:

a) an exesome specific membrane protein or exosome membrane targeting
portion thereof, optionally;

a tetraspanin, for example CD&3; or

a non-tetraspanin such as PTGFRN or BASPL

b} an exosome fargeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiquitin ligases;

¢} a ubiguitin tag; and/or
d) a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or
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e) a protein selected from the proteins listed in Table A;

B} where the cargo is an RNA, the exesome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
¢} an aptamer, optionally:
i} a M32 binding stem-ioop;
ity a C/D box; and/or
ity an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,

optionally wherein:
where the cargo is an RNA that comprises an M52 binding stem-loop the chassis

or engineered chassis is also engineered to express a fusion protein comprising the
bacteriophage coat protein MS2 fused to an exosome membrane protein, optionally
wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VSVG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein;

where the cargo is an RNA that comprises a C/D box, the chassis or engineered chassis
is also engineered to express a fusion protein comprising the archael L7 ribosomal L7Ae
protein fused to an exosome membrane protein, optionally wherein the exosome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CD&3 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineered
chassis has been engineered to express a fusion protein that is a CD9-HuR fusion protein,
optionally wherein the fusion protein further comprises a light activated dimerization
protein;

where the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineered to express a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprisas a light activated dimerization protein.
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218, The use according to paragraph 215 or 216 wherein chassis or engineered chassis has
been excgenously loaded with & cargo that comprises an exosome targeting domain, optionally
wherein:
A) where the cargo is @ protein or peptide, the protein or peptide is a fusion protein
comprising:

i} the cargo protein or peptide; and

it} an exosome targeting domain, optionally wherein the exosome targeting domain

is selected from the group comprising or consisting of:

a) an exosome specific membrane protein or exosome membrane targeting
portion thereof, optionaily;

a tetraspanin, for example CDEG3; or

a non-tetraspanin such as PTGFRN or BASPL

b} an exosome fargeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiquitin ligases;

¢} a ubiguitin tag; and/or
d) a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or

e} a protein selected from the proteins listed in Table A;

B} where the cargo is an RNA, the exosome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
¢} an aptamer, optionally:
i) a M52 binding stem-loop;
i} a C/D box; and/or
itiy an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,
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optionally wherein:
where the cargo is an RNA that comprises an MS2 binding stem-loop the chassis

or engineered chassis is also engineered to express & fusion protein comprising the
bacteriophage coat protein MS2 fused to an exosome membrane protein, optionally
wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VSVG, CD63 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein;

where the cargo is an RNA that comprises a C/D box, the chassis or engineered chassis
is also engineered to express a fusion protein comprising the archael L7 ribosomal L7Ae
protein fused to an exosome membrane protein, optionally wherein the exosome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CD&3 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineered
chassis has been engineered to express a fusion protein that is a CD9-HuR fusion protein,
optionally wherein the fusion protein further comprises a light activated dimerization
protein;

where the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineered to express a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE&3 or any of the proteins of Table A, optionally wherein

the fusion protein further comprisas a light activated dimerization protein.
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Claims

1. An engineered chassis, wherein the chassis has been engineered:

A)
i} to disrupt a platelet inflammatory signaling pathway;
i) to make the engineered chassis less immunogenic; and/or
ili} to enhance or disrupt one or more base functions of the chassis, wherein the one or
more or base functions are involved in the innate and/or adaptive immune response,
inflammation, angiogenesis, atherosclerosis, lymphatic development and/or tumour
growth; and optionally

iv) engineered to disrupt a platelet thrombogenic pathway;

and wherein

B} the chassis has been further engineered to comprise any one or more of:

i} one or more chimeric platelet receptors (CPRs), universal chimeric platelet receptors
{universal CPRs), complexes of universal CPRs and tagged targeting peptides, synthetic
antigen presenting receptors (SAPRs), or engineered protease activated receptors
(ePARS);

ii) one or more nucleic acids that encodes one or more CPR, universal CPR, 3SAPR, or
ePAR; and/or

it} one or more vectors that comprises one or more nucleic acids that encodes one or CPR,
universal CPR, SAPR, or ePAR;

and wherein the enginsered chassis is:

a) an engineered effector-chassis and is:
a platelet that comprises TUBBL;
a platelet-like membrane-bound cell fragment that comprises TUBBL; or
an anucieate cell fragment that comprises TUBBI;

b} an engineered producer-chassis and is:
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a megakaryoblast that comprises TUBB1;
a megakaryocyte that comprises TUBBL,;
a megakaryocyte-like cali that comprises TUBB1L;
a cancer cell line that is capable of forming:

a platelet that comprises TUBBL;

a platelet-like membrane-bound cell fragment that comprises TUBBL; and/
or

an anucleate cell fragment that comprises TUBB1,

optionally wherein the cancer cell line is a MEGOL or DAMI cancer cell ling;
or
other immortal cell that is capable of forming:

a platelet that comprises TUBB1;

a platelet-like membrane-bound cell fragment that comprises TUBBL,; and/
or

an anucleats cell fragment that comprises TUBBL;

or
c) an engineered progenitor-chassis and is a myeloid stem cell; an iPSC; a cancer cell-
iine that is capable of producing a producer-chassis; adipocyte; adipose-derived
mesenchymal stromal/stem cell line (ASCL); or other immortal cell that is capable of
producing a producer-chassis.

2. The engineered chassis according to any of the preceding claims wherein the engineered

chassis has been:

a} loaded with one or more cargo; and/or

b} enginesred so as to provide ong or more Cargo.

3. The enginesred chassis according to any of the preceding claims wherein the
engineered chassis is an engineered progenitor-chassis that has been driven to differentiate into
a producer-chassis, optionally driven to differentiate into a megakaryocyte, a magakaryocyte-
like cell, optionally wherein the engineered progenitor-chassis is an engineered myelcid stem
cell; an IPSC; a cancer cell-line that is capable of producing a producer-chassis; adipocyte;
adipose-derived mesenchymal stromal/stem cell line {(ASCL); or other immortal celi that is

capable of producing a producer-chassis.
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4. The engineered chassis according to any of the preceding claims wherein the enginsered
chassis is a producer-chassis, wherein the producer chassis is a megakaryoblast; a
megakaryocyte; a megakaryocyte-like call; a cancer cell line that is capable of forming a platelet,
a platelet-iike membrane-bound cell fragment or an anucleate cell fragment optionally a MEGO1
or DAMI cancer cell line; or other immortal cell that is capable of forming a platelet, a platelet-

like membrane-bound cell fragment or an anucleate cell fragment,

and wherein the megakaryoblast; megakaryocyte; megakaryocyte-like cell; cancer cell line that
is capable of forming a platelet, a platelet-like membrane-bound cell fragment or an anucieate
cell fragment optionally MEGO1 or DAMI; or other immortal cell that is capable of forming 2
platelet, a platelet-like membrane-bound cell fragment or an anucleate cell fragment can produce

psaudopodal extensions.

5. The engineesred chassis according to any of the preceding claims wherein the engineered
chassis is an engineered effector-chassis and wherein the effector-chassis is a platelet, a platelet-
like membrane-bound cell fragment, or anucleate cell fragment and wherein the platelet, a
platelet-like membrane-bound cell fragment or anucleate cell fragment has been produced by
fragmentation of an engineered producer-chassis, wherein the producer chassis is a
megakaryoblast; a megakaryocyte; a megakaryocyte-like cell; a cancer cell line that is capable
of forming a platelet, a platelet-like membrane-bound cell fragment or an anucleate cell fragment
optionally a MEGO1 or DAMI cancer call line; or other immortal cell that is capable of forming a
platelet, a platelet-like membrane-bound cell fragment or an anucleate cell fragment.

6. The engineered chassis according to any of the preceding claims wherein the engineered
chassis is an engineered effector-chassis, wherein the engineerad effector-chassis is a platelet,
platelet-like membrane-bound cell fragment, or anucleate cell fragment and wherein the platelet,
a platelet-like membrane-bound cell fragment or anucleate cell fragment does not aggregate in
a platelet aggregation assay.

7. The engineered chassis according to any of the preceding claims wherein the engineered
chassis is an engineered progenitor or producer-chassis and wherein the one or more nucleic
acids are expressed from a position within the genomic nucleic acid of the engineered progenitor
or producer-chassis, optionally wherein:

1) a nucleic acid encoding a first CPR, universal CPR, compiex of universal CPR and tagged
targeting peptide, SAPR, or @PAR has been introduced into a first allele of a first locus,
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and/or a nucleic acid encoding a first CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR, or ePAR has been be introduced to a second allele of a
first locus; and/or

2} a nucleic acid encoding a first CPR, universal CPR, complex of universal CPR and tagged
targeting peptide, SAPR, or ePAR has been introduced into a first allele of a first locus and
a second nucleic acid encoding a second CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR, or ePAR has been introduced in to a first allele of a
second locus; and/or

3) a nucleic acid encoding a first CPR, universal CPFR, complex of universal CPR and tagged
targeting peptide, SAPR, or ePAR has been introduced into a first allele of a first locus and
a second nucleic acid encoding a second CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR, or @PAR has been introduced into a sacond allele of
the first locus.

8. The engineered chassis according to any of claims 1-6 wherein the one or more nucleic

acids are expressad episomally.

9. The engineered chassis according to any of the preceding claims wherein the engineered
chassis has been engineered so as {0 have inhibited expression from the beta 2 microglobulin
gene, optionally wherein the beta 2 microgiobulin gene has been knocked out or deleted.

10. The engineered chassis according to any of the preceding claims wherein the chassis has
been engineered to have disrupted expression from one or more HLA genes.

11, The engineerad chassis according to claim 10 wherein the chassis has been engineered to
have disrupted expression from any one or more of HLA-A, HLA-B and/or HLA-C, optionally
wherein expression of HLA-A and HLA-B has been entirely disrupted but wherein expression of
HLA-C has been partially disrupted, optionally wherein expression from both alleles of HLA-A and
HLA-B have been disrupted but wherein sxpression from only one aligle of HLA-C has been
disrupted.

12. The engineered chassis according to any of the preceding claims wherein the chassis has
been engineered Lo overexpress any one or mare of the HLA class Ib genes, optionally any one
or more of HLA-G, HLA-E, CD47 and PD-L1.
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13. The engineered chassis acgording {0 any of the preceding claims wherein the chassis has
been engineered to overexprass any ong or more of HLA-G, HLA-E, CD47 and PD-L1 and
optionally engineered to disrupt expression from the Beta 2 microgiobulin gene,

14, The engineered chassis according to any of the preceding claims wherein the chassis has
been engineered to downregulate or inhibit expression of TGFh and/or GARP and/or CD40L.

15, The engineered chassis according to any of claims 2-14 wherein the cargo is selected from

any one or more of:

a) a protein or peptide, optionally wherein the protein or peptide is:
iy an antibedy or antigen binding fragment thereof, optionally an antibody or antigen
binding fragment thereof binds {0 a tumor antigen or a neocantigen;
il} an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for example IL-10; or
iv) @ CRIGPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally T-cell engager
(BITE)
b) a nucleic acid ~ in some embodiments the nucleic acid is;
i} an RNA, for example selected from mRNA, 2 miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) seguence; or
ii} a DNA vector;
¢} a toxin;
d} a small molecule drug, imaging agent, radionuciectide drugs, radionuciectide tagged
antibodies, or conjugate any thereof;
e} a viral vector such as AAV;
£y a virus such as oncolytic virus;
g) agents for performing CRISPR mediated gene editing;
h} an exosome, for example an exosome pre-ioaded with a second cargo; and/or
i} or & nanoparticle or nanoparticles;
gr any combination thereof.

16. The engineered chassis according to any of claims 2-15 wherein the cargo is an
endogenously expressed cargo,
optionally wherein the endogenously expressed cargo is any one or more of:
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a) a protein or peptide - in some embodiments the protein or peptide is:
i) an antibody or antigen binding fragment therecf, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a necantigen;
it} an enzyme, such as a nuciease for example a TALEN;
ili} a cytokine for example IL-10; or
iv) a CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE)
b) a nucleic acid - in some embodiments the nucleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly
interspaced short palindromic repeats (CRISPR) sequence.

17. The engineered chassis according to any of claims 2 to 16 wherein the cargo is
exogenously loaded into the chassis, optionally wherein exggenously loaded cargo is any one or
more of:

a) a protein or peptide - in some embodiments the protein or paptide is:
i} an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a neoantigen;
it} an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for example IL-10; or
ivy a CRISPR associated protein, for example Cas9;
V) a hispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BITE}
b} a nucleic acid - in some embodiments the nucleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly
interspaced short palindromic repeats (CRISPR) seguence;
c) a toxin;
d} a small molecule drug, imaging agent, radionucleotide drug, radionuclectide tagged
antibody, or any conjugate thereof;
e} a viral vector such as AAV;
fy a virus such as oncolytic virus;
g} agents for performing CRISPR mediated gene editing;
h} an exosome, for example an exosome pre-ioaded with a second cargo; and/or

i) or a nanoparticle or nanoparticles;
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ar any combination thereof.

18. The engineered chassis according to any of claims 2-17 wherein where the chassis
comprises a cargo, the cargo comprisas an exosome targeting domain, optionally
wherein the cargo is a protein or peptide that is a fusion protein comprising:

a) the cargo protein or peptide; and

b} an exosome targeting domain, optionally wherein the exosome targeting domain is

selected from the group comprising or consisting of:

i} an exosome specific membrane protein or exosome membrane targeting portion
thereof, for example:

a tetraspanin, for example CDE&3; or

a non-tetraspanin such as PTGFRN or BASPL

it} an expsome targeting sequence from a soluble protein, optionally the WW
domain of Nedd4 ubiquitin ligases;

iii} a ubiguitin tag; and/or

iv) a tag binding domain, optionally a nanobody directed against a tag, optionally
a nanobody directed against GFP; and/or

v) a protein selected from the proteins listed in Table A,

or wherein the cargo is an RNA, and the exosome targeting domain is:

&) an exosome targeting hairpin;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;

¢} an aptamer, optionally:
iy @ MS2 binding stem-loop;
i} & C/D box; and/or
itiy an AU rich slement, optionally wherein the RNA is an mRNA that encodes Cas9.
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19, The engineered chassis according to any of the precading claims whersin the chassis has
been engineered to:

a) have disrupted function of MHC Class 1 genes or proteins;

b) have disrupted expression from the B2 microglobulin gene, optionally to knock out the B2
microglobulin gene;

¢) have disrupted expression from one or more HLA genes;

d} have disrupted expression from any one or more of HLA-A, HLA-B and/or HLA-C, optionally
wherein exprassion of HLA-A and HLA-B has been entirely disrupted but wherein expression of
HLA-C has been partially disrupted, optionally wherein expression from both alleles of HLA-A and
HLA-B have been disrupted but wherein expression from only one allele of HLA-C has been
disrupted;

@) overexpress any one or more of the HLA class Ib genes, optionally any one or more of HLA-
G, HLA-E, CD47 and PD-L1;

f} overexpress any one or more of HLA-G, HLA-E, CDB47 and PD-L1 and optionally been engineered
to have disrupted exprassion from the Beta 2 microglobulin gene; and/or

g) overexpress one or more immunomodulatory genes, optionally wherein the one or more
immunomodulatory genes is selected from the group comprising CD47 and PD-L1;

h) eliminate one or more genes or gene products for which the product{s) could negatively affect
the potency of a carqo;

i) tune up or down the innate/adaptive response;

i} reduce inflammation, angiogenesis, atherosclerosis, lymphatic development and tumour
growth;

k) have disrupted expression of one or more genes encoding adhesive proteins and/or cargo
entities which are likely to indirectly counter the biological action of the engineered cargo,
potentially leading to a greater net therapeutic effect;

1y downregulate or inhibit expression of TGFb and/or GARP and/or CD40L;

n) downregulate or inhibit exprassion of any one or more of CD36, NOD2, SRB1, TLR1, TLR2,
TLR3, TLR4, TLR6, TLR9, CD40L, CD93 (ClgRp), C3aR, CDB8 (CS5aR), CD8Y (FcaR1), CD23
{(Fe:R1), CD32 (FoyRila), MHC classl, CD191 {CCR1}), CD193 (CCR3), CD194 (CCR4), CD184
{CKCR4), CX3CR1, CD102 (ICAM-2), JAM-C/IAM-3, CDG2P (P-selectin), CD31 (PECAM-1), CD150
(SLAMFL), CCL2, CCL3, CCLS, OXCLYL, OXCL12Z, CXCL4/PF4, CXCLS, CXCLE, NAPZ (CXCL7), IL-1p
o) disrupt or inhibit expression of TGFb and/or GARP;

q) disrupt or inhibit expression of any one or more of Siglec-7, Siglec-9, Siglec-11 or TGFp

s} disrupt or inhibit expression of any one or more of GPIb/V/IX and GPVI (GP6), ITGA2ZB, CLECZ,
integrins s allbb3, a2bl, a5bl and a6bl, GPVI and ITGAZB;
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£) disrupt or inhibit expression of any one or more of Parl, Pard, P2Y1i2, GPIb/V/IX, the
Thromboxane receptor (TBXAZR}, P2Y1, P2X1 and integrin allbb3 or from the group consisting
of Parl, Par4 and P2Y12;
u} disrupt or inhibit expression of any one or more of Coxi, Cox2, HPS, prothrombin, PDGF, EGF,
von Willebrand Factor and thromboxane-A synthase (TBXASL);
v) synthesise a protein or RNA of interest in response {0 activation of the platelet or platelet-like
membrane-bound cell fragment, optionally wherein the protein or RNA of interest is expressed
from the BCL-3 mRNA untranslated regions, optionally 5'UTR;
Z) express one or more cargo proteins or cargo RNAs, optionally wherein the cargo protein or
cargo RNA comprises an alpha-granule targeting signal, optionally comprises a platelet factor 4
{(PF4) or von Willebrand factor {(vWf};
aa) express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs, optionally express at least 3, 4, 5, 6, 7, 8, 9 or at least 10 different
CPRs, universal CPRs, complexas of universal CPRs and tagged targeting peptides, SAPRs or
ePARS;
bb) express at least two CPRs, universal CPRs, complexes of universal CPRs and fagged targeting
peptides, SAPRs or ePARs, and wherein the target binding domain of the at least two CPRs,
universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs are
directad towards different targets;
cc) express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptidaes, SAPRs or ePARs, and wherein the target binding domain of the at least two CPRs,
universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARS are
directed towards different targets, and wherein:
i} the platelet modulation domain of a first CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR or ePAR is a platelet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain, and wherein the
platelet modulation domain of a second CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR is a platelet inhibition domain, optionally is a
domain that prevents triggering of platelet degranulation, optionally is an [TAM containing
domain;
il} the platelet modulation domain of a first CPR, universal CPR, complex of universal CPR
and tagged targeting peptide, SAPR or @PAR is a platelet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain, and wherein the
platelet modulation domain of a second CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR is a platelet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain;
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dd) express at least two CPRs, universal CPRs, complexas of universal CPRs and tagged targeting
peptides, SAPRs or ePARs that operate together to form a logic circuit;

ee) express one or more cargo, optionally wherein the cargo is selected from the group
comprising:
a) a protein or peptide - optionally wherein the protein or peptide is:

iy an antibody or antigen binding fragment thereof, for example an antibody or

antigen binding fragment thereof binds to a tumor antigen or a neoantigen;

i} an enzyme, such as a nuclease for example a TALEN;

iii} a cytokine for example IL-10; or

ivy a CRISPR associated protein, for example Cas9;

v} a bispecific protein, for example a bispecific antibody or optionally a T-cell
engager (BITE});

vi} a fusion protein comprising an exosome targeting domain, optionally wherein

the fusion protein comprises:

a) the cargo protein or peptide; and
b} an exosome targeting domain, optionally wherein the exosome targeting

domain is selected from the group comprising or consisting of:

i) an exosome specific membrane protein or exosome
membrane targeting portion thereof, for example:

a tetraspanin, for example CD63; or

a non-tetraspanin such as PTGFRN or BASPL

i} an exosome targeting sequence from a soluble protein,

optionally the WW domain of Nedd4 ubiguitin ligases;

iit} 2 ubiguitin tag; and/or
iv) a tag binding domain, optionally a nanobody directed
against a tag, optionally a nancbody directed against GFP.

b) a nucleic acid, opticnally wherein the nucleic acid is:
i) an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered

regularty interspaced short palindromic repeats {(CRISPR) sequence; and/or
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iiyan RNA that comprises an exosome targeting domain, optionally wherein the
expsome targeting domain is selected from the group comprising or consisting of:

a} an exgsome targeting hairpin or linear motif;

b} a viral exosome targeting RNA or exosome targeting fragment thereof;
iti}y an RNA that comprises an aptamer domain, opticnally wherein the aptamer domain is

selected from:

&) a M52 binding stem-loop;

b)Y a C/D box; and/or

¢} an AU rich element, optionally wherein the RNA is an mRNA that encodas

Cas9;

ff) express a fusion protein wherein the fusion protein comprises:

iy the bacteriophage coat protein MS2 fused to an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE3; and/or
it} the archaeal ribosomal protein L7Ae fused to an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VSVG, CD63; and/or
itiy a CD9-HuUR fusion protein;

optionally wherein the fusion protein further comprises a light activated dimerization protein;

aq) translate one or more cargo from an MRNA only upon binding of one or more
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or
ePARs {0 the target, optionally wherein the cargo is selected from the group comprising:
a) a protein or peptide, optionally
i) an antibody or antigen binding fragment thereof, for example an antibody or
antigen binding fragment thereof binds o a tumor antigen or a negantigen;
it} an enzyme, such as a nuclease for example a TALEN;
ii} a cytokine for example IL-10; or
iv} a CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell
engager (BIiTE)
b} a nucleic acid - in some embodiments the nucieic acid is:
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i) an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered

regularly interspaced short palindromic repeats {CRISPR) sequence,

optionally wherein the cargo is expressed from the Bci-3 mRNA untranslated
regions, optionally 5'UTR.

20. The engineered chassis of any one of the preceding claims wherein the CPR comprises:

a) an intracellular domain that is a platelet modulation domain; and

b) a heterclogous target binding domain that recognizes and binds a target,
optionally wherein when the CPR is present in a platelet membrane, after binding of the target
to the target binding domain the platelet modulation domain is activated.

21, The engineerad chassis of any of the precading claims, wherein the CPR platelet
modulation domain is a platelet activation domain, optionally an ITAM comprising domain,
optionally a platelet ITAM comprising domain, optionally is domain that has at least 75%, 80%,
85%, 90%, 92%, 84%, B6%, 98% or 100% sequence identity to an ITAM comprising domain or
to a platelet ITAM comprising domain.

22, The engineered chassis of any of the preceding claims, wherein when the CPR is present

in the membrane of a platelet, when activated, the platelet activation domain:

a) results in degranulation of the platelet;

b) results in the release of contents from the platelet;

¢) results in the presence of intraplatelet contents on the plasma membrane of the
platelet;

d) results in the release of extracellular vasicles via blgbbing from the plasma membrane;
and/or a small molecule drug, imaging agent, radionuciectide drugs, radionucleotide
tagged antibodiss, or conjugate any thereof;

e} results in a change of shape of the platelet from a biconcave disk to fully spread cell
fragments; and/or

) results in an influx of calcium into the platelet.

23. The engineered chassis of any of the preceding cdaims wherein the universal CPR

comprises:



WO 2022/263824 PCT/GB2022/051512

a) an intracellular domain that is a platelet modulation domain; and

b} a heterologous tag binding domain gptionally wherein the heterologous tag binding
domain binds to a tag present on a tagged targeting peptide, wherein the tagged targeting
peptide comprises the tag and a target binding domain, and

wherein when the Universal CPR is located in a platelet plasma membrane, binding of the
targeting peptide to the universal CPR in the absence of simultaneous binding of the target
binding domain to the target is not sufficient to activate the platelet modulation domain.

24. The engineered chassis of any of the preceding claims wherein the SAPR comprises a
heterologous target binding domain wherein the target binding domain comprises:

a} an extracelluiar domain comprising:

i) the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has
at least 75%, B0%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a
human MHC-1 protein or fragment thereof; or

it} the MHC-2 protein or fragment thereof or a protein or fragment thereof that has
at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a
human MHC-2 protein or fragment thereof; and

b} an intracellular platelet modulation domain,

wherein said:

MHC-1 protein or fragment thereof or a protein or fragment thereof that has at least 75%,
838%, 85%, 80%, 92%, 94%, 96%, 98% or 100% sequence identity to a human MHC-1 protein
or fragment thereof; or

MHC-2 protein or fragment thereof or a protein or fragment thereof that has at least 75%,
8%, 85%, 80%, 92%, 84%, 96%, 98% or 100% sequence identity to a human MHC-2 protein
or fragment thereof;

is able to bind to a T Cell Receptor {TCR).

25. The engineered chassis of any of the preceding claims wherein the protease recognition
site of the ePAR is engineerad to be cleaved by a protease that is not the protease that cleaves
the native recognition site, optionally wherein, when present in the plasma membrane of a

platelet, cleavage of the protease recognition site resuits in:
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a) degranulation of the platelet;

b) the release of contents from the platelet;

¢) the presence of intracelular contents on the plasma membrane of the platelet;

d) the release of extracellular vesicles via blebbing from the plasma membrane; and/or
&) a change of shape of the platelet from a biconcave disk to fully spread cell fragments.

26. A targeted delivery system comprising an engineered chassis as defined in any of the
preceding claims wherein the engineered chassis is an engineered effector-chassis, optionally
wherein the targeted delivery system is a therapeutic targeted delivery system or a non-
therapeutic delivery system, optionally

wherein the system further comprises one or more ¢argo, optionaily wherein the cargo comprises

oneg or more targating domains, optionally comprises an exosome fargeting domain.

27. An engineered chassis according to any of the preceding claims for use in medicine.

28. An engineered chassis according to any of the preceding claims for use in delivering a
therapeutic or imaging cargo; or treating or preventing cancer, an autoimmunity disease, genetic
disease, cardiovascular disease and/or an infection, wherein the engineered chassis is an

engineeared effector-chassis.

29. A method of delivering a cargo comprising administering an effective amount of an
engineered chassis or targeted delivery system according to any of the preceding claims wherein
the engineered chassis is an engineered effector-chassis.

30. A method of targeted cargo delivery to a target cell, tissue or site in the body wherein the
method comprises administering an effective amount of any one or more of an engineered chassis
according to any of the preceding claims, wherein the targeting domain of the CPR, univarsal
CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR binds to the target
cell, tissue or site in the body, wherein the enginesrad chassis is an engineered effector-chassis.

31 A non-therapeutic method of delivering cargo to a subject in need thereof herein the
method comprises administering an effective amount of any one or more of an engineered chassis
according to any of the preceding claims, wherein the targeting domain of the CPR, universal
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CPR, complex of universal CPR and tagged targsting peptide, SAPR or ePAR binds to the target
cell, tissue or site in the body, wherein the engineered chassis is an engineered effector-chassis.

32. A method of treatment comprising administering an effective amount of an enginesred
chassis according to any of the preceding claims, optionally wherein the method is for the
treatment or prevention of any one or more of cancer, an autoimmunity disease, genetic disease,
cardiovascular disease and/or an infection, wherein the engineered chassis is an engineered

effector-chassis.

33. Use of an engineered chassis according to any of the preceding claims in the manufacture
of a medicament for the treatment or prevention of disease or infection, optionally for the
treatment or prevention of any one or more of cancer, genetic disease, cardiovascular disease an

autoimmunity disease, and/or an infection.

34, A method of using the chassis or engineered chassis of any of the preceding claims to
deliver a cargo, optionally a therapeutic agent, by administering the engineerad chassis to a
patient in need thereof.

35. A kit comprising:

a) An engineered producer chassis according to any one or more of the preceding claims;

b} An engineered effector chassis according to any one or more of the preceding claims;

¢} An engineered progenitor chassis according to any one or more of the preceding claims;

d} A therapeutic agent and/or an imaging agent and/or an exgsome, optionally an exosome pre-
ioaded with a second cargo;

and/or

&) a nucleic acid encoding one or more cargo as defined in any one or more of the preceding
claims; and/or

f} one or more cargo as defined in any one or more of the preceding claims.

36. An engineered chassis according to any of the preceding claims for use in the targeted
delivery of therapeutic cargo-comprising exosomes t¢ a subject in need thereof for use in
meadicine, optionally for use in treating or preventing cancer, an autoimmunity disease, genetic
disease, cardiovascular disease and/or an infection,
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wherein the engineered chassis is an engineered effector-chassis that comprises a cargo
that has been targeted to the exosomes by engineering of the ¢argo and/or chassis or engineered
chassis.

37. The engineered chassis for use according to claim 36 wherein the cargo is selected from

any one or more of:

a) a protein or peptide - in some embodiments the protein or peplide is:
iy an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a neocantigen;
ii} an enzyme, such as a nuclease for example a TALEN;
ili} a cytokine for example IL-10; or
ivy a CRIGPR associated protein, for example €as9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell angager
(BITE)
b} a nucleic acid - in some embodimeants the nucleic acid is:
iy an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
regularly interspaced short palindromic repaats (CRISPR) sequence; or
ii} a DNA vector;
¢} a toxin;
dy a small molecule drug, imaging agent, radionucleotide drug, radionuclectide tagged
antibody, or any conjugate thereof;
e} a viral vector such as AAV;
fy a virus such as oncolytic virus;
g} agents for performing CRISPR mediated gene editing;
h} an exosome, optionally an exosome pre-loaded with a second cargo; and/or
i} or a nanoparticle or nanoparticles;

gr any combination thereof.

38. The engineered chassis for use according to claim 36 or 37 wherein the chassis or
engineered chassis has been engineered to endogenously express a cargo that comprisas an
exosome targeting domain and:

A) where the cargo is @ protein or peptide, the protein or peptide is a fusion protein

comprising:
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i) the cargo protein or peptide; and

it} an exosome targeting domain, optionally wherein the exosome targeting domain
is selacted from the group comprising or consisting of:

a} an exosome specific membrane protein or exosome membrane targeting
portion thereof, optionally;

a tetraspanin, for example CD63; or

a non-tetraspanin such as PTGFRN or BASPL

b} an exosome targeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiquitin ligases;

¢} a ubiquitin tag; and/or

d) a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or

e) a protein selected from the proteins listed in Table A;

B} where the cargo is an RNA, the exgsome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
¢) an aptamer, optionally:
i} a MS2 binding stem-ioop;
ity a /D box; and/or
ili} an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,

optionally wherein:
where the cargo is an RNA that comprises an M52 binding stem-loop the chassis
or engingered chassis is also engineered to express a fusion proiein comprising the
bacteriophage coat protein MS2 fused to an exosome membrane protein, optionally
wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VEVG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein;
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where the cargo is an RNA that comprises a /D box, the chassis or engineered chassis
is also engineered to express a fusion protein comprising the archael L7 ribosomal L7Ae
protein fused to an exosome membrane protein, optionally wherein the excsome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CD63 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineered
chassis has been engineered to express a fusion protein that is a CD8-HuR fusion protein,
optionally wherein the fusion protein further comprises a light activated dimerization
protein;

where the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineerad to express a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
optionaily wherein the exosome membrane protein is selected from the group comprising
gr consisting of Lamp2b, V&VG, CDE3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein.

39, The engineerad chassis for use according to claim 36 or 37 wherein chassis or engineered
chassis has been excgenously loaded with 2 cargo that comprises an exosome targeting domain,

optionally wherein:

A) where the cargo is a protein or peptide, the protein or peptide is a fusion protein

comprising:

i} the cargo protein or peptide; and

ity an exosome targeting domain, optionally wherein the exosome targeting domain

is selected from the group comprising or consisting of:

a) an exosome specific membrane protein or exosome membrane fargeting
portion thereof, optionally;

a tetraspanin, for example CD63; or

a non-tetraspanin such as PTGFRN or BASPL

b) an exosome targeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiguitin ligases;
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¢} & ubiquitin tag; and/or

d) a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or

e) a protein selected from the proteins listed in Table A;

B) where the cargo is an RNA, the exosome targeting domain is:

a) an exosome targeting hairpin or linear motif;
b} a viral exgsome targeting RNA or exosome targeting fragment thereof;
¢) an aptamer, optionally:
i} a M32 binding stem-ioop;
i) a /D box; and/or
ili} an AU rich element, optionally wherein the RNA is an mRNA that encodeas
Cas9,

optionally wherein:
where the cargo is an RNA that comprises an M52 binding stem-loop the chassis

or engineered chassis is also engineered to express a fusion protein comprising the
bacteriophage coat protein M52 fused to an exosome membrane protein, optionaily
wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2db, VSVG, CD6&3 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein;

where the cargo is an RNA that comprises a C/D box, the chassis or engineered chassis
is also engineered to express a fusion protein comprising the archaeal L7 ribosomal L7Ae
protein fused to an exosome membrane protein, optionally wherein the exosome
membrane protein is selected from the group comprising or consisting of Lamp2b, VSVG,
CDE3 or any of the proteins of Table A, optionally wherein the fusion protein further
comprises a light activated dimerization protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineered
chassis has been engineered to express a fusion protein that is a CDY-HuR fusion protein,
optionally wherein the fusion protein further comprises a light activated dimerization
protein;

where the cargo is an RNA that comprises an aptamer the chassis or engineered chassis
is engineered {0 express a fusion protein comprising an aptamer binding protein (that
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binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
optionaily wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CD63 or any of the proteins of Table A, optionally wherein
the fusion protein further comprises a light activated dimerization protein.
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