Methods and Compositions

FIELD OF THE INVERTION
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 contents to
reduce or prevent bleeding. Thrombopoietin from the kidneys and liver contact a myeloid stem
cell causing differentiation into a megakaryoblasorphant, and additional signals resuit in
differentiation of the megakaryoblast into a progenitor megakaryocyte. Progenitor
meagakaryocvtes are large cells with platelet precursor extensions that bud off fragments as they

divide and proliferate to create platelsts.

Mitochondria, microtubules, and vesicles are contained 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 intracellular vesicles termed granules. On activation, degranulation is stimulated to

atter the shape and release the contents of the granules.

Platelets contain three primary subtypes of vesicles: 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 biogenesis 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 platelet degranulation.

PEVs are mambrane-bound entities that are produced by and released from platelets in response
to an activating signal. These PEVs represent the majority of extracellular vesicles in the
circulatory system. Platelets primarily release two vesicle families,~ a) microvesicles; and b)
exosomes (Heiinen, H. F. G., Schiel, A. E., Fijnheer, R., Geuze, H. 1., & Sixma, J. 1. (1999),
Activated platelets release two types of membrane vesicles: Microvesicles by surface shedding
and exosomaes derived from exocytosis of multivesicular bodies and g-granules. Blood, 94(11),
3791-3799. https://doi.org/10.1182/blood.v94.11.3791).
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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-granuies, and are
released upon platelet stimulation mediated degranulation. Because of their distinct biogenesis
pathways, exosomes and microvesicles deliver distinct subsets of cargo and feature distinct
surface protein compositions and physical sizes.

Size Biogenesis Surface
markers
Microvesicles 160-1000 Activation Equivalent
e dependent plasma | to platelet surface

membrane budding and | markers (as it is an
release outhudding of the

plasma membrana)}

Exasomes 50-100 nm Production CD9, CD63, Ch81,
within rmultivesicular PTGFRN,
bodies which further Syntaxin and
mature into alpha many more {
granules  within  the Jankovicova, 1.,
megakaryocyte and et al {2020)..
plataiet .

internotional
Journal of
Molecular
Sciences,

21(20), 1-30. )

Table 1

Exosomes naturally transport a diverse range of cargoes between cells, including protein, RNA,
RNPs and chemical messengers. Exosome cargo reprasents both a stochastic sampling of the
cvtoplasmic contents of the cell, in addition to featuring specific, enriched cargoes. The specific
rmechanisms of exosome biogenesis allow for targsting of exogenous cargo to them, and thus the
production of designer therapeutic exosomes. These have been produced in a range of cell types,
but importantly have been subseguently purified from these cells before delivery is attempted.
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Systemic delivery of exosomes has potential issues. Due to their small size, they can passively
escape the circulatory system, thus limiting their uptake in target cells or tissues. Targeting
exosomes to specific calls or tissues also relies upon either engineered surface markers (Duan,
L., Xu, L., Xu, X., Qin, Z., Zhou, X., Xiag, Y., Liang, Y., & Xia, }. {(2021). Exosome-mediated
delivery of gene vectors for gene therapy. Nanoscale, 13(3), 1387-1397.
https://doi.org/10.1038/d0nr07622h0) or the natural target cell tropism of an exosome from a
particular producer cell. Thus, there is still a need for high-efficiency exosome targeting

technologies to permit systemic delivery.

Platelets raespond 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 platelet
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, platelets 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 a-granules. Most effector proteins are found in a-granules.
For example, effector proteins released from a-granules include: integral membrane proteins,
such as P-selectin, ollbB, and GPIba; coagulants/anticoagulants and fibrinolytic proteins, such as
factor V, factor IX, and plasminogen; adhesion proteins, such as fibrinogen and von Willebrand
Factor (vWF); chemokines, such as CXCL4 (cviokine (C-X-C motif} ligand 4), also known as
platelet factor 4 or PF4, and CXCL12 {cvtokine {C-X-C motif) ligand 12), also known as stromal
celi-derived factor 1 alpha or SDF-1a; growth factors, such as elongation growth factor (EGF)
and insulin-like 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.

Dense 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?t and Mg
polyphosphates; bicactive amines, such as serctonin and histamine; and nuciectidas, 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, vasostating, renin-
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angictensing; paracring signaling factors (8.4., guanviin, neurctensin, chromogranin B); immune
mediators {e.g., enkalytin and ubiquitin); opiods (e.g., enkephalins and endorphins); ions (e.q.,
Ca?®*, Na+, Cl-), and nucleotides and polyphosphates {e.g., adenosine monophosphate (AMP),
guanosing 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 felt
need in the art for a new type of therapy with the potential to treat cancer, autocimmune
conditions, and infections, free from the safety, cost, and patient matching issues which plague
current cell therapsutic products.

SUMMARY OF THE INVENTION

The invention provides various components, compositions and methods that can be used in the
safe delivery of a cargo to a subject - in preferred embodiments the safe delivery is a3 targeted
safe delivery. The various components, compositions 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 cell or
celi-like entities that are used to generate the delivery entities, and the delivery entities
themselves are collectively termed “chassis” herein. For example the chassis may be an
“effector-chassis” which is the chassis that is actually administered to & 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 mambrane 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 g “producer-chassis”. A producer chassis is a chassis
that is directly able to produce platelets, or platelet-like membrane-bound cell fragments, or
anucleate cell fragments. For example in some embodiments a producer-chassis produces
platelets, or platelet-like membrane-bound cell fragments, or anucieate 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 fragments” we do not include the meaning of red blood
cells {erythrocytes), or fragments of red blood cells. It is also cdear that in some preferred
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embodiments “anucieate cell fragment” is not intended o include within the meaning extracsliular
vesicles or other lipid-bound vesicles. The skilled person is readily able to understand what is
intended by Tanucleate cell fragments”.

Accordingly, in some embodiments the anucieate cell fragmeants are not red blood cells. In some
embodiments the anucleate cell fragments are not fragments of red blood 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 anucieate 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 herein 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 to
differentiate into a particular producer-chassis, such as a megakarvocyte. A progenitor-chassis
also includes immortalised cells 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 133:633-643).

The in vivo differentiation pathway from myveloid stem cell to a megakaryoblast to a
meagakaryocyte, or the in vitro differentiation of iPSC to a8 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 cell as described herein,
such as an iPSC, to differentiate in to a producer-chassis as described herein. One such method
is known as “forward programming” and drives the differentiation of iPSC directly to
megalkaryocvtes (see for example Forward Programming Megakaryocytes from Human
Pluripotent Stem Cells, Thomas Moreau, BBTS Annual Conference, Glasgow 2017

1845 thuy lomond morsay {(i1lodh and typically involves the expression of one or more

transcription factors (Gatal, Tall and Flil) that drive differentiation to megakaryocytes.



Exemplary chassis described herein include a myeloid stem cell, an iPSC, a megakaryoblast, a
megakaryocvte, a megakarvocyie-like cell, adipocyte, adipose-derived mesenchymal
stromal/stem cell line (ASCL), a platelet, a platelet-like membrane-bound cell fragment or an

anucieate cell fragment.

Exemplary 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 describad herein.

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

cancer cell iine.

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

an anucieate call fragment.

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

through the use of RNAI) to 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 chimaeric
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. By “express” we include the meaning of transcription and translation,
or transiation alone. For example, the receptors described herein must be displaved 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 nudleic 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 & functional receptor of the invention. Accordingly in the context of



exprassing a receptor of the invention, the intention is to ensure that functional receptor protein

is produced.

In some embodimeants the chassis has only been engineered {0 aexpress one or more receptors of
the invention, for example any progenitor-chassis, producer-chassis or effector-chassis may be
rmodified so as to express any one or more chimeric platelet receptors {CPRs), universal chimeric
platelet receptors (universal CPRs), complexeas of universal CPRs and tagged targeting peptides,
synthetic antigen presenting receptors (SAPRs), or engineered protease activated receptors
{@PARS) described herein - f.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 to:

i) to disrupt a platelet inflammatory signaling pathway;

ii) to make the engineered chassis less immunogenic;

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

iv) enginesered to disrupt a platelet thrombogenic pathway.

In some embodiments, the:

iy platelet inflammatory signaling pathway

i} pathway that when modulated makas the engineered chassis less immunogenic;

i) base function involved in the innate and/or adaptive immune response,
inflammation, angiogenesis, 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 example a myeloid stem cell; an iPSC; & cancer

cell-line that is capable of producing a producer-chassis; adipocyte; adipose-derived
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mesanchymal stromal/stem cell ling (ASCL); or other immaortal cell that is capable of producing
a producer-chassis;

b} an engineered producer-chassis for example a megakaryoblast; a megakarvocyte;
a megakaryocyte-like cell; a cancar cell line that is capable of forming a platelet for example &
MEGO1L or DAMI cancer cell line, a platelet-like membrane-bound cell fragment or an anucleate
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 anucieate cell fragment.

In some embodiments the chassis has only baen 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;

i) to make the engineerad chassis iess Immunogenic;

iity 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 immunea response,
inflammation, angiogeneasis, atherosclerosis, lymphatic development and tumour growth;
and/or

iv) engineered to disrupt a platelat thrombogenic pathway.

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

Any of the chassis described herein may be enginesred 50 as to express one or more receptors
of the invention and has been engineered so as to modulate any oneg or more different pathways
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 to as to:
i) to disrupt a platelet inflammatory signaling pathway;
if) 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 turmour growth;

and/or



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 engineersd protease activated receptors {(ePARS)
described herein.

Effector-chassis as described hersin include platelets, platelet-like membrane-bound cell
fragments, and anucieate 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 cell fragment, other cell fragment
or Synlet (as described herein), that is derived from any of the producer-chassis as described
herain. A producer-chassis as dascribad herein includes within its meaning any cell {including an
engineered cell) that is upstream in the typical differentiation procass that directly produces an
effector-chassis, .. a platelet or platelet-like membrane-bound cell fragment, or Synlet.

The general term “chassig” 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 o deliver cargo, for example in some
embodiments a effector-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 recaptor {(CPR), a universal CPR, a complex
comprising a CPR and a tagged targeting peptide, 3 SAPR or a ePAR as describad herein.

The receptors as described herein essentially re-direct the normal intracellular 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 intracellular
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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 intraceliular domain that is a platelet modulation domain; and

b} a heterologous target binding domain that recognizes and binds a target,

To be clear, preferances 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 receptors that transduce extarnal signals to effect various functions
of the platelet. For example platelet receptors that comprise ITAM domains, once activated by
binding 10 an appropriate target, are considerad to activate the platelets’ thrombogenic pathways
and degranuiation pathways. Platelet receptors that comprise ITIM domains, once activated by
binding to an appropriate target, are considered to inhibit the activation of the platelet
thrombogenic pathways, and thereby inhibit the activation of degranulation. The receptors and
chassis as described herein that comprise the receptors are considerad to redirect this natural
process to particular targets, so that the platelet in some examples degranulates in response to
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 required 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 platelet (or effector-chassis as described herein). In order for the effector-
chassis {0 respond appropriately to target binding to the receptor, the relevant internal pathwavs
must be functional., For example in some embodiments as dascribad hersin 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 to binding to a target; but for degranulation
to occur the effector-chassis must have a functional degranulation 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-Reaceptors, triggering Caz+ influx to the platelet cytoplasm from
intracelular stores and the extracelular milieu. Caz2+ triggers the exocytosis of aipha-granules
(degranulation) and a range of other events, culminating in platelet activation, including

degranulation.

Accordingly it is clear that in some preferred embodiments, any of the chassis as described herein,
for example the progenitor, producer and effector-chassis comprises the necessary cellular
components 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 IF3-raceptors.

The heternlogous target-binding domain is the external part of a transmembranea protein that
also comprises an intracellular signaling domain. The intraceliular signaling domain transduces
the binding of the target to the target binding domain so as to result in modulation of the platelet,
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 surfaca
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 results
in receptor clustering. The degree of receptor clustering required for activation of a platelet is
receptor and target dependent. The skilled person is able to determing whether a3 given CPR of
the invention is able to effect platelet modulation using assays known in the art, for exampie the
assay involving P-selectin as described herein.

Since in some ambodiments receptor clustering is considered to be necessary, when the CPR is
prasent 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 prasent in the membrane of the effector-

chassis results 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 & tissue surface.
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By a heterclogous targset binding domain we mean that the target binding domain is hataroiogous
to the intracellular platelet modulation domain i.e. the target binding domain is not the usual
extraceliular domain associated with the intraceliular domeain. 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 heterologous o 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 heteroiogous to the platelet modulation domain. e.g. the CPR s
not found naturally in any cell or progenitor, producer, and/or effector-chassis and has been
produced as the result of biclogical engineering. Accordingly in some preferred embodiments the
CPR is not a naturally occurring protein or complex.

In soma embodiments the platelel modulation domain is a domain that is found in 3 base platelet,
e, if a platelet modulation domain that is naturally found in a platelet.

For instance, in embodiments where the intracelular modulation domain comprises the
intracaliular 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 another. In some
embodiments, C-type lectinlike receptor 2 (CLEC-2) or Fc Fragment of IgG Receptor I1a (FCgR2A)
may be altered in a similar way. In other embodiments, where the intraceliular domain comprises
the intracellular 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
intraceliular domain comprises Fc¢ Fragment of IgG Receptor Iia {FCgR2A), the extracellular
targeting domain does not comprise the extracellular 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 intraceliular domain,

The heterologous target binding domain may be anv target binding domain that is able to bind
with some specificity to a particular target. Preferably the target binding domain binds specifically
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 that of a
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
synonyimous 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 environmeant, 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 reguired 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 describad 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 [00127 on page 3 of
PCT/GB2020/053247 which is hereby incorporated by refersncs.

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 o a proteinaceocus ssquence 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 & subject, for example
the endogenous target may be a target that is present on tissug, 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 presented during one or more disease
states, for example in some embodiments the target is a necantigen 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 effector-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 commaencement of a state of dissase, 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 described herein. In
some embodiments the target binding domain binds to an artificial or exogenous target - Le. 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 present
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 maan a
standard base platelet that has not be engineered o disrupt any signalling pathways for instance,
and has only been engineered to express the CPR or universal CPR,

In some embodiments when the CPR or universal CPR is present in & 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 1o express the CPR
or universal CPR. This is a 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 ambodiments when a basa
platelet has been engineered to exprass 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;

¢) results 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, radionuciectide 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

) resuits in an influx of calcium into the plateiet,

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 platelet that
has not be engineered to disrupt any signalling pathways for instance, and has only been
engineered to express the CPR or universal CPR.

In addition o 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 platelst
modulation domain, it is preferred if target binding to a target binding domain CPR or a universal
CPR in an effector-chassis as described herein {e.q. a platelet, platelet-like membrane-bound cell
fragment or anucleated cell fragment), for example that may or may not have been angineerad

to modulate one or more pathways such as:

i) to disrupt a platelet inflammatory signaling pathway;

i) to make the engineered chassis less immunogenic; and/or

iiiy 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;

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

Accordingly, in somea embodiments the target is a target such that when the CPR or universal
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 engineerad to disrupt one or
more pathways as described hergin.
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In some embodiments when the CPR or universal CPR is presant 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 also have been engineered
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;

<) results in the presence of intraplatelet contents on the plasma membrane of the
affector-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;

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

) resuits in an influx of calcium into the effactor-chassis.

In some embodiments when the CPR or universal CPR is present in an effector-chassis plasma
rmembrane, 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 effector-
chassis may or may not also have been enginesred to disrupt one or more pathways as described

herein.

In some embodiments the target binding domain comprises a human target binding domain
sequeance 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.

In some embodiments the target binding domain comprises a non-human target binding domain
sequence, 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 targeting domain is able to bind to the

antigen, for example a necantigen on tumour cells or a tumour specific antigen {(TSA).

In some embodimeants the target binding domain may recognize CD19 to deliver the cargo, for
exampie a cargo that is a chemotherapeautic, locally, CD19 is a well-known B celf surface moleculg,
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 celis.
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 exprassion and specificity for a single cell lineage has made CD19 an attractive target

for immunotherapies,

In some embodimeants the target binding domain comprises a linked cytokine that binds to the
cvtokine receptor present on target cells.

In some embodiments, the target binding domain is a natural ligand (or fragment thereof) 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 CD18S.

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
incorporated by reference. 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 seguence 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 sequence, e.g.. derived from a human protein, for
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example 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
theraof 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 mavy bind a protein encoded by IL2 {interleukin 2; ENSGO0000109471). Insome
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 katlikrein
{(KLK; ENSGOG000167759). In some embodiments, the antibody or antibody fragment thereof
may bind amyloid. In some embodimeants, 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{OLR1; ENSGG0G00173391).

Exemplary target binding domains are described as extracellular 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 usad herein, the terms "antibody” or "antibodies” refer to molecules that contain an antigen
binding site, e.g. immunoglobulin molecules and immunclogically active fragments of
immunoglobulin molecules that contain an antigen binding site. Immunoglobulin molecules can
be of any type (e.g. IgG, IgE, IgM, IgD, IgA and IgY), class (e.g. 1gG1, IgG2, 1gG3, IgG4, IgAal
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-speacific 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, F{ab)z,
Fab', Fab, Fv, scFv and the like. Regardiess of structure, an antibody fragmeant 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 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 singie chain polypeptide molecules in which light
and heavy variable regions are connected by a peptide linker {"scFv proteins"). As used hergin,
the term "antibody fragment” does not include portions of antibodies without antigen binding

activity, such as F¢ 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
recagnized by the intact antibody. Fab fragment is a farm 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 least one of;

a) FCERG EC domain, CLECI 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% ar 100% sequence
identity to a FCERG EC domain, CLECI EC domain,FCGRZ EC domain, GPVIA EC domain,
CEACAMIL EC domain, G6b-B EC domain, LILRB2 EC domain, PECAML 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 gut 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% sequenca
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.

In some embodiments, the target binding domain comprises a peptide associated with

autelmmunity, 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, ARMCY, CYPZ21A2, CASR, NASP,
insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor
XIIY, BetaZ-GPI, ITGB2, G-CSF, GP IIb/Ila, COLI, FBG beta alpha, MPO, CYO, PRTN3, TGM,
COLVII, COIL, DSGL, DSG3, SOX10, 7O0SNRNP70, SAG and a3{IVINC1 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, GADGES, MAG, PMPZ22,
TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GAD2Z, ARMCS, CYP21AZ, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYPZD6, LF, TTG, H/K ATP-ase, Factor XIII,
Beta2-GPI, ITGB2Z, G-CSF, GP IIb/Ila, COLII, FBG beta alpha, MPO, CYO, PRTN3, TGM, COLVII,
COIL, DSG1, DSGES, SOX10, 7O0SNRNP70, SAG and a3{IVINC1 collagen.

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

For example, a target binding domain that comprises a desmoglein3-ITAM may be used to target
pemphigus vulgaris B celis, Alternatively, SAPRs of the invention that exprass an MHC cdlass 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 piatelet {o 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 cells into

Tregs.

In some embodiments, as described above, the target binding domain may target the recaptor
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, connactive tissue, ear, embryonic tissue, esophagus, eye, heart, intestine,
kidney, larynx, liver, lung, tymph, lymph node, mammary gland, mouth, muscle, nerve, ovary,
pancreas, parathyroid, pharynx, pituitary gland, 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



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 embodimeants the platelet modulation domain is endogenous 1o the progenitor, producer
and/or effector-chassis in which the receptor is to be used, for exampie endogenous to the iPSC,
rmegakaryocyte, 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 release of contents from the platelet;

¢) prasenting intracellular contents on the plasma membrane of the platelet;

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

e} changing the shape of the platelet from a biconcave disk to 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 skilled person can readily determine whether a receptor {e.g. CPR, universal CPR, complex
of universal CPR and tagged targeting peptide, SAPR 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 mayv 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 platelst, a similar assay may
be performed. The skilied person may contact a piatelet that expresses the receptor with a cell
that expresses the corresponding target and which also expresses an endogenocus target that
would typically result in activation of a platelet (e.g. coliagen). A change in shape or exposure of
P-Selectin indicates that the receptor under investigation is unable to inhibit activation of the
platelst via the usual pathway. A failure to change shape or exposs P-Selactin indicates that the
receptor is able to successfully prevent activation of the platelet, The dose response should be
measured, and where, for instance, the ECS50 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 engineerad inhibitory receptor target,
this indicates the construction of a functional inhibitory receptor. Conversely, 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 degranuiation. In some embodiments the platelet modulation domain is an activation
domain that triggers the release of alpha-granules. In some embaodiments the platelet modulation
domain is a domain that prevents the triggering of the release of alpha-granulss.

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 “activation” we mean that the platelet releases

extraceliular vesicles via blebbing from the plasma membrane.

In the same or different embodiments, by platelet activation we mean causing the presentation
of intraplatelat 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 presantation of intraplatelet contents on the plasma membrane.

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

rmodulation domain is a domain that prevents an influx of calcium into the platelet.



In the same or different ambodiments, 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 moduiation domain is a domain that causes g change in the shape of
the platelet from a biconcave disk to fully spread cell fragments, and in some embodimeants the
modulation domain is a domain that prevenis a change in the shape of the platelet from a
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 see Aslan et al 2012 Methods Mol Biol 788: 91-100.

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

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%, 96%, 98% or 100%
sequence identity to an ITAM comprising domain, for example a platelet ITAM comprising domain.

Exampiles of degranulation inhibitory domains include domains that comprise ITIM motifs or that
comprise a domain that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to an ITIM comprising domain.

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

modulation domain.

Whether the effector-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 hersin) binding to the target 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 ePARs 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 (degranulate).

In some embodiments of the intracellular domain that is a platelet modulation domain is a platelet
infiibition domain. In some embodiments, the platelet inhibition domain comprises an
immunoreceptor tyrosine-based inhibition motif (ITIM)-containing raceptor domain. Non-limiting
examples of ITIM receptors include piatelet and endothelial cell adhesion molacule 1 (PECAML),
triggering receptor expressed on myeloid cells like 1 (TLT1), leukocyte immunoglobulin like
receptor B2 {LILRB2), carcinoembryonic antigen related cell adhesion molecule 1 {(CEACAMLY,
meagakaryocyte and platelet inhibitory receptor G6b (G6b-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 platelst 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 described 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.



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%, B0%, 85%, 90%, 92%, 94%, 96%, 98% or 100% 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/GBR2020/053247
which is hereby incorporated by reference and the corresponding explanatory paragraph [0063]
which is aiso 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 degranulation is suitable for use in the receptors described herein,
8.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 giycoprotein VI platelet (GPVIA), high
affinity immunoglobulin epsiion receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLECL), and Fc¢ 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 (GPVI), C-type lectinlike receptor 2 (CLEC-2), Fc Fragment of IgG Receptor Ia



{FCgR2A}, high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 (CLECLY, or F¢ fragment of 1gG recaptor 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 platelet ITAM comprising domain,
optionally has at least 75%, B0%, 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 (FCgRZ2A), high affinity
immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLECL), or F¢ fragment of IgG receptor II (FCGR2).

In one embodiment, the intracellular domain does not comprise domains from an immunoreceptor
tyrosine based activation motif (ITAM) receptor. In one embodiment the intracellular domain
does not comprise one or more domains, portions or fragments thereof from Glycoprotein VI
(GPVI}, C-type lectinlike receptor 2 (CLEC-2), F¢ Fragment of IgG Receptor Ila {(FCgR2A}, high
affinity immunoglobulin epsiion receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLEC1), or Fc fragment of IgG receptor II (FCGR2ZY. 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
immunoreceptor tyrosine based activation motif (ITAM) receptor. In one embodiment the
intracellular domain does comprise one or more domains, portions or fragments thereof from
Glycoprotein VI {GPVID), C-type lectinlike receptor 2 {(CLEC-2), Fc Fragment of IgG Recaptor Ila
(FCgRZA), high affinity immunogliobulin 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 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 IIa (FCgR2A), high
affinity immunoglobulin epsiion receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLECL), or F¢ fragment of IgG receptor II (FCGR2).

In one embodiment the intracelivlar domain does comprise an ITAM domain that comprises or
consists of the SEQ ID NO: 5, 7, 14 and/or 19 of PCT/GB20203/053247 which is hergby
incorporated by reference or that comprises or consists of 8 sequence that has at least 75%,



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, sinca the ITAM domains are still capable
of activating the same downstream signaling components as ITAM recaptors are endogeanously
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 platelet

modulation domain.

In some embodimeants, the piatelet moduiation domain is not a naturally occurring domain. For
example, in some embodiments the modulation domain, for example the ITAM, ITIM domains
comprises one or more mutations, insertions or deletions that boost or dampen the response 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%, 82%, 94%, 96%, 98% or 100%
sequence identity to any of the modulation domain sequences described herein,

For example, in some embodiments theplatelet modulation domain is a  modified platelet
rmodulation domain that has been modified so 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 receptor
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.q. a 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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response 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 platelet 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 medifications, for
example one or more insertions, deletions or substitutions. In some embodiments the platelet
modulation domain comprises one or more ITIM domains, wherein the ITAM 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 beean shown to function
in CAR-T situations (Robles-Carrillo et al 2010 J Immunol 185:1577-1583).

In some embodiments, the target binding domain is the native target binding domain of a
receptor that has a platelet modulation domain, but the platelet modulation has been altered so
as to have the opposite function. For example, in some embodiments the recepior described
herein (e.q. the CPR, universal CPR, or complex of universal CPR and tagged targeting peptide)
comprises the target binding domain of an ITAM platelet modulation domain comprising recepior,
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 paptide
comprises the external target binding domain of any of Glycoprotein VI {GPVI), C-type lectinlike
recaptor 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 {(FCGR2Z) but wherein the ITAM comprising domain of the proiein has been
changed to an ITIM comprising domain. This applies to any embodiment described herein.

In some embodiments the CPR can 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:



A universal chimeric platelet receptor wherein the receptor comprises:

a) an intraceliular domain that is a platelet modulation domain; and

b) a2 heterclogous 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 intendead to 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 to 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 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 lavel 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.e. 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 {0 express
a peptide or polypeptide sequence of interest wherein the sequence has been extended to include
a relatively short additional sequence, encoding the tag. Examples of suitable peptide tags
include the FLAG-tag, V5-tag, Myc-tag, HA-tag, Spot-tag, T7-tag, NE-tag and a lsucine-zipper
(Hwan et al 2018 Cell 173: 1426-1438),



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. seguences of amino
acids). In preferred embodimeants the tags described herein are paptide or protein tags, for
example short seguences of amino acids. The tag can be of any sequence 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 targef. As
described above, 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. When a universal CPR of the invention binds to a
soluble tagged targeting peptide, there 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. I is only when the complex 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 simultanecus 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 modulstion domains. In some embodiments the universal CPR comprises 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 simultaneous binding of the tagged target binding
domain to the target does not cause sufficient receptor clustering to lead to activation of the
platelet moduiation 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 io 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 heterologous tag binding domain; and
iy 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) comprising a heterclogous target binding domain

wherein the target binding domain comprises:

a) an axtraceliular domain comprising:

i) the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has
at least 75%, 80%, 85%, 90%, 82%, 94%, 96%, 88% or 100% sequence identity
to a human MHC-1 protein or fragment thereof; or

ity 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 intraceliular platelet modulation domain,
whearein 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; or
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MHC-2 protein or fragment thereof or a protein or fragment thereof that has at least 75%,
8%, 85%, 0%, 92%, 34%, 96%, 98% or 100% seguence idantity to a 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 least 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 platelet 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%, 80%, 85%, 90%, B92%, 94%, 96%, 98% or 100% sequence identity to an ITIM comprising
domain. In some embodiments the platelet 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 a response to a particular antigen. In these instances, the extracelular
domain of the SAPR comprises or consists of an aming acid sequence that is an antigen towards
which it is desirous to trigger the T call 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 Receptor {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 progenitor,
producer and/or effector-chassis expressing a SAPR of the invention that is loaded with an
antigenic peptide, such as those described herein and presented on the surface of the effector-
chassis can be used to target autoimmune mediating T cells for destruction or for supprassion
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 cells into

Tregs.

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

A SAPR as described above wherein said extraceliular domain comprises:

ay the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has at
feast 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 a2 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%, 90%, 82%, 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 target 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:

a) associated with cancer, an autocimmune 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 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 which is hereby incorporated by reference these sections of
which are hereby incorporatad by reference; or

it} a seqguence that has at least 75%, 80%, 85%, 80%, 92%, 84%, 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 209-211; 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:
i) 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
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, GAD65, MAG, PMP22, TPO,
VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GADZ, ARMCSY, CYP21AZ, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2DG, LF, TTG, H/K ATP-ase, Factor
KIII, Beta2-GPI, ITGRZ, G-CSF, GP IIb/lla, COLII, FBG beta alpha, MPO, CYO, PRTN3,
TGM, COLVII, COIL, DSG1, DEGE3, SOX10, 70SNRNP70, SAG and a3{IVINC1 collagen; or

it} a seguence that has at least 75%, 80%, 85%, 80%, 92%, 84%, 96%, 98% or
100% sequence identity to any one or more of the following proteins: MOG, GADE5, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIBZ, NMDA, GiluR, GAD2, ARMCS, CYP21AZ, CASR,
NASP, insulin, TSHR, thyroperoxidase, asioglycoprotein recaptor, CYP2D6, LF, TTG, H/K
ATP-ase, Factor XIII, Betal-GPI, ITGB2, G-CSF, GP IIb/lla, COLLL, FBG beta alpha, MPQO,
CYQ, PRTN3, TGM, COLVII, COIL, DSGYL, DSG3, SOX10, 70SNRNP70, SAG and a3(IVINCL
collagen.

The extracellular domain may comprise a human target binding domain sequence; a non-human

target binding domain sequence, optionally a humanised sequence or a sequance 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 releases cargo, or where the modulation domain is an inhibition of activation
domain, activation of the platelet is inhibited preventing release of cargo. Triggering
degranulation when the SAPR is bound to a2 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 platelat, and when activated, the platelet

activation domain:

a) results in degranulation of the platelet;

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

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

&} results in a change of shape of the platelet from a biconcave disk to fully spread cell

fragments.

In some embodiments, where the platelet modulation domain is a inhibition of platelet activation
domain, and when the SAPR is present in the membrane of a platelet, and when 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 membrane of the platelet;
d) prevents the release of extracellular 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 a heterclogous 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 targseting
peptide or SAPR may alse comprise a signal peptide, and/or a linker. Non-limiting examples of
signal peptides include;

TABLE 1

Sequence

Identifier Bescription

2 FCERG Signal Peptide

11 FCGR2Z Signal Peptide

16 GPVIA Signal Peptide
CEACAMI Signal

25 Paptide

30 Gob-B Signal Paptide

35 LILRBZ Signal Peptide
PECAML Signal

39 Peptide

44 TLT1 Signal Peptide

The CPR, universal CPR, compilex of universal CPR and tagged targeting peptide, SAPR and/or
ePAR may include a portion of the signal peptide in Table & 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,
nuciectides 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 30 nucleotidas 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 NO: 2, 11, 16, 25, 30, 35, 39, and 44 as described in Table 7 on page 46 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 a ftransmambrane domain. In some embodiments the

transmembrane 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 hareby incorporated
by reference,

In some embodiments the CPR, universal CPR, complex of universal CPR and tagged targeting
peptide and/or SAPR comprises an intraceliular domain that comprises or consists of the
intracelular domains or a portion thareof 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 comprises a linker. In some embodiments the linker compriseas 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 universal CPR and fagged 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 based 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 e¢PAR is an engineered PAR1, the aPAR is not
cleaved by thrombin.

In some embodiments, when the aPAR 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 intracellular 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.

By platelet in this instance we mean a base platelet that has not been engineered other than to
express the ePAR - i.e. in a normally functioning platelet, the cleavage of the ePAR results in any
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ong or more of {a) to {&) above. This i5 one siraightforward means by which the skilled person
can determine whether 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 gne or of (&) to (&) above when present in a chassis of the
invention, for example an effector-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 immunogenic; and/or

iiiy to enhance or disrupt one or more base functions of the chassis, wherein the one or
mora or base functions are involved in the innate and/or adaptive immuna 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 contants on the plasma membrane of the platelet;

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

&} a change of shape of the platelet from a biconcave disk to fully spread celi 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 @PAR is engineered to be cleaved by a protease that is typically found
in the tumour microenvironment., For example in some instances the eFPAR is engineered to be

cleaved by matrix metalloproteases, metaliopeptidases, Cathepsin B, Urokinases or Capsases.

In some embodimeants the ePAR is engineered to be cleaved 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 tobacco vein mottling virus {TVMV protease). Protease
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recognition 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 cleavad by a protease that is not a human protease, i.. in these embodiments,
the aPAR cannot be cleaved in the subject unless the subject is also administered or otherwise
exposed o a corresponding “exogenous” protease. As is clear from the disclosure herein, such
an exogenous protease can be a cargo prasent in a second chassis (2.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 affector-chassis as described herein) comprises a
first cargo and an ePAR of the invention, and a second chassis {e.g. progenitor-chassis, a
progenitor, producer or effactor-chassis as described herein) comprises a CPR according to the
invention and a cargo that is a protease that can cleave the ePAR. Upon CPR 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 effects. 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 describad 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
intracelular domains. Activation of an ePAR in this manner thus induces a downstream signaling
event including, in the case of engineered platelets or enginesred platelet-like membrane bound
effector-chassis, platelet recruitment, platelet activation, or release of a cargo such as &

therapeutic molecule into the tumor microenvironment.
In some embodiments, the ePAR Is an engineered GPCR. In some embodiments the ePAR is

PAR1, PAR2, PARZ, or PAR4 wherein the protease site has been engineered 1o 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 protease, 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, optionally has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence
identity to the sequence of PARL, PARZ, PAR3 or PAR4.

It is clear from the disclosure herein that the CPR, universal CPR, complex of universal CPR and
tagged targeting peptide, SAPR or ePAR of the invention has a role in the treatment or prevention
or one or more diseasas. For example, the combination of one or more CPRs, universal CPRs,
complexes of universal CPRs and tagged targsting peptides, SAPRs or ePARs of the invention and
a progenitor-chassis, producer or effector-chassis as described herein can be used to deliver
cargo to a specific site in the body, or 1o a specific tissue or cell tvpe, 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 a platelet-like membrane-bound cell fragment that comprises one or more cargo and
expresseas one or more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or e@PARs 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 incorporated by
reference loaded on to an MHC-ITAM fusion to directly target the autoreactive T cells, The
engineared platelets may be loaded with cytotoxic or immunosuppressive protein or antibodies,
which are released on activation of the platelet.

For instance, soma cases of diabetes mellitus type 1 (T1DM) features T cells specific to a particular
insulin peptide. Therefore, using the MHC1-ITAM receptor fusion protein with an autoimmune
driving peptide, in a platelet designed o release immunosuppressive factors would result in T cell
specific immunosuppression. Exposure of an IL-2 receptor (IL-2R) fo compete for IL-2, release
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of TGF-B1 or IL-10, and many other potential options on MHCL-ITAM activation mediates

immunosuppression similar to regulatory T {Treg) cells.

In some embodiments, the progenitor, producer or effector-chassis as described herein or
engineered progenitor, producer 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 Il and can be used in the treatment of
an autohmmune 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 (TiD) (See, Perez &t al.,
Immunology, 143, 609-617, which is hereby incorporated by reference in its entirety). In T1D,
autoreactive CDE and CD4 T cells selectively destroy insulin-producing B cells in the pancreas
(Ibid.). Some of the MHC-II-rastricted epitopes recognized by the autoreactive cells have been
observed to be derived from insulin/pre-proinsulin, islet-specific glucosa-6-phosphatase catalytic
subunit-related protein, glutamic acid decarboxylases 65 and 67, heat-shock proteins 60 and 70,
insulinoma-associated protein 2, zing 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 recaptors, 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 universatl CPR and tagged targeting peptide, SAPR and/or ePAR of the invention and
also comprises a heterologous nucleic acid sequence. In some instances the nucleic acid is
operatively linked to an expression control sequence. Expression control seguences are
considerad to include components such as enhancers and promoters. In one embodiment the
nucieic acid of the invention comprises a heterologous promoter. In the same or different

embodiment the nucleic acid of the invention comprises a heterclogous enhancer sequence,

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

promoter.

In some embodiments the promotar 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 targeting peptide, SAPR and/or ePAR is for
use in a human subiect, the promoter that drives expression of the CPR, universal CPR, complex
of universal CPR and tagged targeting peptide, tagged targeting peptide, SAPR and/or ePAR is in

some embodiments an inducible promoter.

In some embodimeants 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
untiversal CPR and tagged targeting peptide, tagged targeting peptide, SAPR, or eéPAR 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 ePAR is in

some embodiments a constitutive promoter.

The invention also 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 also provides a viral particle, or viral vector, comprising any one or morg 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 seguence - for example we include manipulations made at the nucleic acid level,

for example using CRISPR based nucleic acid editing and homologous recombination; and we also
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include manipulations made at the transiational 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
rmembrane 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 subseqguent platelet modulation
gvents, that can result in cargo uniocading, activation of T cells or other intracelular signaling
events., Accordingly, when used in practice, for example to direct delivery of & cargo to a
particular cell or tissue within the body, or to activate T celis, the CPR, universal CPR, complex
of universal CPR and tagged targeting peptide, SAPR or ePAR s deploved 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 dascribed above, platelets have unigue properties that make them advantageous for use as
targeted delivery vehiclas.

Modifications 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 can involve the
knockin of genes, for example transcription factors. Each particular gene knockin can be
introduced in a number of ways, for example a first gene can be introducead to a first aliele 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 introducead into a first allale of a first locus and a second gene
can be introduced in to a first aliele of a second 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 into a
sacond allele of the first locus. These various combinations apply to the introduction of protein
coding genes, and also to the introduction of functional RNA coding sequences, such as those
that encode RNA segquences involved in RNAI, Each gene can be introduced under a combination
of constitutive and inducible promoters.

Engineering steps referred to herein 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 to 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 3 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 mRNAs and so it is appropriate in some instances to
engineer the effecior-chassis directly.

References herein to “engineering” in terms of engineering a progenitor, producer or effector-
chassis as described herein is to be takan 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 translational tevel and the post-
transiational level, and for example include CRISPR/Cas systems, zinc finger nucleases,
transcription activator-like effector nucieases (TALENs), a RNA interference construct {RNAID
{2.g., small interfering RNA {siRNA) or microRNA {miRNA})}, or a short hairpin RNA {shRNA). Any
rmeans of preventing exprassion 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 to be appropriate {provided the method does not kill the chassis). Intrabody
technology can also be used to regulate gene expression.

wWe 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 et in the genomic nucleic acid of a progenitor, producer
or effactor-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, promoter substitutions &ic; or may express one or more regulatory
molacules such as an RNAI. 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 lavel,
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 effectar-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 (&.g. 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 serias
of increasingly differentiated cells, including a mveloid stem cell, a megakaryoblast, a
megakaryocyte or iPSC or and don't comprise a nucleus themselves. It is clear then to the
skilled person that references to modification of the nucleic acid of a platelet is intended to
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 cell, a
megakaryoblast, a megakaryocyte or IPSC that ultimately determines what proteins are
expressed in the platelet or platelet-like membrane bound call 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 extraceliular 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 biclogical 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
aggregation 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
engineared 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
cell fragment is defined herein as an entity that is produced from a megakaryocyte or
megakaryocyie-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 engineered megakaryvocyte may not fit the standard
definition of a megakaryocyte since in some embodiments one or more of the defining markers
or functions may be disrupted in the engineered megakaryvocyte. Accordingly, in some instance
the term megakaryocyte-like cell may be preferable. The skilled person is be able 1o determine
whether the megakaryocyte, or megakaryocyte-like celi 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 megakaryocytes and effector-chassis such as platelets also express (or
otherwise comprise) a specific isoform of Tubulin - TUBB1 (betal-tubulin). TUBBL is a
component 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 piatelet being a fragment of a producer-chassis
such as a megakarvocyte that does express TUBB1., TUBB1L is necessary for the function of the
platelet, and so is considerad to be a useful marker for the skilled person to use to determine
whether a progenitor, producer or effector-chassis for example an engineered progenitor,
producer or effector-chassis that has been engineerad o 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 membranea-bound cell fragment, or
the megakaryocyte-like cell expresses TUBBL. See for example Schwer et al 2001 Curr Biol 11:
579-586 and Kunishima et al 2009 Blood 113: 458-461.

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

The progenitor, producer or effector-chassis described hersin may be engineered (in addition to
any engineering necessary o 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 engineerad 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 to express one or more proteins or to comprise one or more
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rmutations or other modifications. For example a progenitor, producer or effector-chassis that is
not engineered to disrupt one or more signaling pathways may still be engineered 10 express one
or more 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, adipocyie, adipose-derived mesanchymal stromal/stem cell line
(ASCL) a platelet or a platelet-like mambrane-bound call fragment,

that compriseas:

gne or mare CPRs, universal CPRs, complexas 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 previous claims that comprises 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; 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 cell, an iPSC,
adipocyte, adipose-derived mesenchymal stromal/stem cell line (ASCL) a platelet or a platelet-
like membrane-bound cell fragment, is very similar to the “base” chassis, for examplie 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 one or more
CPRs, universal CPRs, complexas of universal CPRs and tagged targeting peptides, SAPRs or
ePARs described herein. The progenitor, producer or effector-chassis may aiso have been

enginesred 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 myeloid
stem cell, a megakaryoblast, a megakaryocyte, megakaryocyte-like cell, an iPSC, adipocvte,
adipose-derived mesenchymal stromal/stem cell line {(ASCL) a platelet or g platelet-like
meambrane-bound cell fragment,

has not been engineered:

to modulate one or more signaling pathways, optionally engineerad 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

lass 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 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 modulate one or more signaling pathways or o
enhance or disrupt one or more base functions of the progenitor, producer or effector-chassis but
which expressas 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 thase 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 examplie the treatment
of cancer since the formation of a2 blood clot around the tumour can starve it of oxygen, or in

situations where restricting oxygen to a vessel or grgan 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 megakaryocyte or megakaryvocyte-like cell to produce platelets, or platelet-
like membrane-bound cell fragments is maintained. The skilled person is able {0 determine
whether such an engineersed megakaryocyte is able to produce platelets or platelet-like

rmembrana-bound cell fragments.

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

concerns,
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Accordingly, in some preferred embodiments, the progenitor, producer or effector-chassis has
been engineered to 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 engineered progenitor, producer or effector-chassis lass
immunogenic. Any signaling pathway of the platelst may be modulated. For sxample the
rmodulation 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 engineersd progenitor,
producer or effector-chassis that has been enginssred to modulate one or more signaling
pathways, for example engineered to disrupt the thrombogenic pathway and/or engineered to
disrupt g platelet inflammatory signaling pathway and/or engineered to make the engineered
progenitor, producer or effector-chassis less immunogenic and/or engineerad to enhance or

disrupt one or more base functions of the progenitor, producer or effector-chassis .

The engineered progenitor, producer or effecior-chassis described hersin that have 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 o make the engineered progenitor, producer or effector-
chassis less immunogenic and/or engineerad to enhance or disrupt one or more base functions
of the progenitor, producer or affector-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
herein for example a myeloid stem cell, a megakaryoblast, a megakaryocyte, a magakaryocyte-
like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment, wherein the
progenitor, producer or effactor-chassis does not comprise:

ane or more CPRs, univarsal CPRs, complaxas of universal CPRs and tagged targeting
peptides, SAPRs or 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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one or more vectors that comprises one or more nucleic 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
more CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptidas,
SAPRs or ePARs of the invention,

For example, the invention provides an engineered progenitor, producer or effector-chassis (for
example an engineered myeloid stem cell, a megakaryvoblast, a megakaryocyte, &
rmegakaryocyte-like celi, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment),
wherein the progenitor, producer or effector-chassis has been engineerad to modulate one or
more signaling pathways {for example that have been engineared to disrupt the thrombogenic
pathway and/or engineered to disrupt a platelet inflammatory signaling pathway and/or
engineerad to make the engineered progenitor, producer or effector-chassis lass 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, SAFPR or
ePAR of the invention;
gne 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;
one or mare vectors that comprises ane 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; and/or
one or more viral 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.

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 ePAR 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 desired, for exampla
in stroke or MI ~ for example platelets that lack thrombogenic capabilities but comprise the
external receptors are recruited to the site of thrombaosis, 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 éPARs are as described herein.

However, in some advantageous embodiments, the engingered progenitor, producer or effector-
chassis as described herein do comprise one or more CPRs, universal CPRs, complexes of
untiversal CPRs and tagged targeting peptides, SAPRs or ePARs. Accordingly, the invention
provides any of the engineered progenitor, producer or effector-chassis {for example an
engineered myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakarvocyte-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 engineerad 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, and wherein
the engineered progenitor, producer or effector-chassis comprisas any one or more of;

a CPR, universal CPR, complex of universal CPR and tagged targeting peptide, SAFR or
ePAR of the invention;

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

one or mare vectors that comprises ane 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; and/or

one or more viral 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.

Preferences for features of the CPRs, universal CPRs, complexes of universal CPRs and tagged
targeting peptides, SAPRs or @PARs are as described herein.

It is clear that the nucleic acid that encodes any of the CPR, universal CPR, complex of universal
CPR and tagged targeting peptide, SAPR or ePAR of the invention can be introduced in fo a
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, complex 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

- 51 -



targeting peptide, SAPR, or ePAR can be introduced to a first allele 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 introducad into a first allele of a first locus and a sacond nucleic acid (for
example encoding a second CPR, universal CPR, complex of universal CPR and tagged targeting
peptide, SAPR, or @PAR) can be introduced in to a first allele of a second locus. Additionally or
alternatively, a first nuckeic acid can be introduced into a first aliele of a first focus and a second
nucleic 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
untiversal 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
sffector-chassis episomally.

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

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

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 davs, with little to no potential for continuead
reproduction, thus little to no chance of forming a tumour itself,



Platelets can be frozen and stored for extended 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 plaielet-like membrane-bound cell fragment has been
engineered so as to disrupt the thrombogenic potential of the delivery tool, it can be calied a
Synlet. 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 myeloid stem cell, a
megakaryoblast, a megakaryvocyte, adipocvte, adipose-derived mesenchymal stromal/stem cell
line {(ASCL) or iPSC the platelats, 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 engineersd
progenitor, producer or effector-chassis expresses 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 activation domain e.g. 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
Synlet 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.qg.
a domain that prevents the triggering of platelet degranulation, in some embodimeants it is
considerad to be necessary that the progenitor, producer or effector-chassis or the engineered
progenitor, producer or effector-chassis, i.e. the platelet or platelet-like membrane-bound cell
fragment, or Synlet is able inhibit the activation of degranulation upon binding of the target-
binding domain of the one or more CPRs, univarsal CPRs, complaxas 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 degranulation depends on the nature of the one or
maore 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 peptidas, 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 prasenting cells. T cells can bind, through the T
cell receptor (TCR) to the antigen when presented as part of an MHC/antigen complex which
results 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 mesenchymal stromal/stem cell line (ASCL), a platelet, or a platelet-like
membrane-bound cell fragment that is & 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 o have inhibited expression from the beta 2

rmicroglobulin gene, for example through a knockout of the beta 2 microglobulin gene.

Further, platelet or platelet~-like mambrane-bound call fragment production in vitro from the
progenitors described herein, removes the need to continuously produce virus and edit cells. Due
to the short life span of the engineerad platelets or engineered platelet-like membrane-bound
cell fragments described herein, safety concerns are limited as compared to current gene editing
therapeutics. For example, gene editing and genome stability is less of a concern in the present
invention than with CAR-T calls because platelats are enucleate 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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due to their smaller size, the engineered platelets may provide better access to solid tumors than
CAR-T calis,

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

Vesicle degranulation of the enginesred platelets or engineered platelet-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
hergin 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 to the target or antigen results 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 to
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 call,
an iPSC, adipocyte, adipose-derived mesenchymal stromal/stem cell line (ASCL), a platelet, or a
plateiet-like membrane-bound cell fragment, and/or to introduce non-native genes or other
coding seguences £o 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, completely
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 t0 a2 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 pathwavys of
the progenitor, producer or effector-chassis is deasirable 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 peptides, SAPRSs 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 moduiation of signaling pathwavys is 1o 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 platelet immunogenicity, Other
exemplary pathways that may be modulated are pathways that are involved in the innate and/or
adaptive immune response, inflammation, angiogenesis, atherosclerosis, lymphatic development,

tumour growth, platelet adhesion, platelet migration and extravasation.

A particularty advantageous pathway to disrupt is the thrombogenic pathway. Although described
herein 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 embodimeants 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 -
praventing the undesirable formation of clots at the farget site. Accordingly, in some
embodiments the invention provides an engineered progenitor, producer or effector-chassis, for
example an engineerad myeloid stem cell, a megakaryoblast, a3 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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pragenitor, producer or effector-chassis has reduced thrombogenic potential relative o a
progenitor, producer or effector-chassis that has not been engineered s 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 invantion,
for example the enginsered myeloid stem cell, a megakarvoblast, a megakaryocyte, a
meagakaryocyte-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, a8 megakaryocvie-like cell, an iPSC, adipocyte, adipose-
derived mesenchymal 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 example from a
myeloid stem cell, a megakaryoblast, a megakarvocyte, a megakaryocyte-like cell, or an iPSC
that has not been intentionally engineerad to have reduced thrombogenicity - for example the
engineared progenitor, producer or effector-chassis of this embodiment is less thrombogenic than
the corresponding iPSC, megakaryocyte or platelet that is found in vivo, (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 ocne embodiment, the engineered progenitor, producer or effector-chassis, which as described
harain 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, 8 megakaryoblast, a
meagakaryocyte, megakaryocyte-like celi, an IPSC, adipocyte, 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 called 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 herein, 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 to 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 to 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 csll fragments,
the platelet precursor, i.e. the myeloid stem cell, a megakaryoblast, a megakarvocyte, a
megakaryocyte-like cell, adipocyte, adipose-derived mesenchymal stromal/stem 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 possible to produce an advantageous platelet or platelet-like
membrane-bound cell fragment, for example a platelet that lacks the ability to recruit and activate
endogenous platelets in the patient, that is not able to respond to endogenous stimuli that usually
result 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 to 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.

Recognition of primary stimuli of thrombus involvas 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 allows 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 amsbz, az2b1, ash: and asb:. Accordingly, in some
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embodiments the genes enceding a protein invoived in recognition of primary stimuli of thrombus
formation include GPIb/V/IX and GPVI (GP6), ITGAZB, CLECZ, integrins s ausbs, azbi, asbi and
asbi.

Once platelets have made contact with the exposed endothelium, for example via the interactions
discussed above, the platelels release secondary messengers such as ADP, thrombin and TxA;
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
messengers 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 receptor {TBXAZR), P2Y1,
P2X1 and integrin anwbs.

As mentioned above, once platelets have recognized the exposed tissue, they release secondary
massengers to recruit other platelets to the site. Once a platslet 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 releasea of the secondary mediators. Genes
invoived in this pathway include Coxl, Cox2, HPS, TMEM16F, prothrombin, PDGF, EGF, von
Willebrand Factor and thromboxane-A synthase (TBXAS1).

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
cyvtochrome C oxidase I (COX2), which generates inflammatory and prothrombogenic mediators
and is a target of aspirin. Alternatively, the deletion or modification is introduced o genes
expressing thrombotic madiators, such as prothrombin (major protein thrombotic inducer); PDGF
which is a pro-angiogenic factor; EGF {elongation growth facter); and von Willebrand Factor
{collagen adaptor protein).

The combinatorial loss of thrombin and ADP signaling has been observed t¢ abrogate vessel
occlusion, but ITAM receptors can still be acltivated (See, Boulaftali et al. "Platelet ITAM signaling
is critical for vascular integrity in inflammation”. JCI, 2013 and Cornelissen et al. “"Roles and

- 50 .



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 engineerad CPRs described
herein are likely to function on a non-thrombogenic platelet background.

For example, thrombin activates platelets through cleavage of PARs (protease activated
receptors). 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 PAR4 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 raceptors,
such as, but not limited to, PAR4 (protease activated receptor 4), which is a primary thrombin
receptor; GP1b-1X-V {Giycoprotein 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 {glvcoprotein deletiontein VI platelet), which is a
collagen receptor; or a thromboxan receptor to pravent 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 exampile lead to the expression of those proteins that are
diractly inveolved 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 involved
in recognition of primary stimuli of thrombus includes only those proteins that directly make

contact with the primary stimuli of thrombus.

By a protein invalved in recognition of secondary mediators of thrombus formation we include
those proteins that are directly 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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invoived 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 key 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
engineeared IPSC, enginaered adipocyte, enginesred adipose-derived mesenchymal stromal/stem
cell line (ASCL), engineered megakarvocytes 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 preventad) from the engineered progenitor, producer or effector-chassis for example an
engineered iIPSC or engineered megakaryocyie genome or engineered platelet that are considered
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 cell fragment comprises a disruption of a
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least one gene, at least ong, two, three, four, five, six, seven, eight, nine, or at least ten genes

encoding an endogenous 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:

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

one gene that encodes a protein involved in recognition of secondary mediators of
thrombus formation: and

gne 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 3 protein invelved 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;

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.

Geneas that are considered to encode a protein involved in recognition of primary stimuli of
thrombus formation include GPIb/V/IX and GPVI (GPE), ITGAZB, CLECZ, integrins s ambs,
azbi, asbi and asb:, or optionally include GPVI and ITGAZB.



Genas that are considered to encode a protein involved in recognition of secondary stimuli of
thrombus formation include Parl, Pard, P2Y12, GPIb/V/IX, the Thromboxane receptor
{TBXAZR}, P2Y1, P2X1 and integrin ambs or optionally include Parl, Par4 and P2Y12.

Genes that are considered to a protein involved in release of secondary mediators of thrombus
formation include Cox1, HPS and thromboxane-A synthase (TBXAS1), 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 stimuli of thrombus formation are selected from the group consisting of:
GPIb/V/IDX and GPVI (GP8), ITGA2R, CLEC2, integrins s ausbs, axbi, asb: and aeb:,, or from
the group consisting of GPVI and ITGAZB;

the at lsast 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 {TBXAZ2R), P2Y1, P2X1 and
integrin anshs 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
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 (TBXAS1).

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 PSYLZ.

In some embodiments, the engineered progenitor, producer or effector-chassis has a 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, ITGAZE, 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, RAB272 {RAS oncogenea) and HPS (haptoglobin) genes function in dense
granule loading and formation, respectively. Knock-out or deletion of Rab27a may result in
enginesred platelets with no dense granule mediators bul with otherwise normal platelet biclogy.
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 plateleis to
aggregate with each other by decreasing interaction between the platelet and von Willebrand
factors {(vWF) after activation. Further, AIIbB3 is ailso 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 prostaglandin 12 receptor) may result in negative requlation
of prostaglandin. Knock-out or delstion of TP {TxA2ZR or Thromboxane AZ Receptor) may result
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-q (Galphaqg)
knockout mice. Conversely, ITAM agonists, such as collagen, induce release of G-protein-coupled
receptors (GPCR agonists), such as ADP and thromboxane A2 receptor (TXAZ2Z), thus indirectly
activating phospholipase C {PLC) through the Gg pathway. Further, Galphag is active for proper
function for thrombin, ADP, S5-hydroxytryptamine (5HT), PAF, and thromboxane A {TXA}.

Knock-out or deletion of P-selectin, thromboxane synthase, and platelet activating factor (PAF)
resufts in faillure 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 delation of ANOG/TMEMIGF disrupts the platelets ability to  expose
phosphatidviserine 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 cutside of the platelet via ANOG6/TMEML16F, where it acts 1o
catalyse the production of active thrombin in combination with clotting factors. Thus, knockout
of TMEM1G6F prevents phosphatidyiserine exposure and thus would decrease platelet
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thrombogenicity. This is exemplified by Scott's syndrome patients, who feature ANO6 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 engineered progenitor, producer or effector-chassis, for example the engineered
iPSC progenitor, megakaryocyte or platelet,

In some embodiments, the engineered progenitor, producer or effector-chassis of the invention,
for example the engineered myeloid stem cell, a megakaryoblast, a megakarvocyte, 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”
engineared myeloid stem cell, a megakaryoblast, a megakaryocvie, a megakarvocyte-like cell,
an iPSC, a platelet, or a platelet-like membrane-bound cell fragment - i.e. are less immunogenic
than platelets or platelet-like membrane-bound cell fragments produced from a progenitor,
producer or effector-chassis for example from a myeloid stem cell, a megakaryoblast, a
meagakaryocvte, a megakaryocyte-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, megakaryocvte 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
engineared iPSC, engineered megakaryocyte or engineered platelet may be made universal
through deletion of the B2 microglobulin gene (See, Feng et al. "Scalable Generation of Universal
Platelets from Human Induced Pluripotent Stem Cells”. Stem Cell Reports, 2014, which is hereby
incorporated by reference in its entirety). Even without this deletion, piatelets 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 embodiments, the inventions
described herein may use these technologies to mass produce gene-adited platelets, which are
also easily stored, transported, and do not reguire patient matching.
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Additional strategies that are considered to be suitable for the generation of a hypo-immune
progenitor, producer or effector-chassis, i.e. a progenitor, producer or effector-chassis such as
an engineered myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakarvocyte-like cell,
an iPSC, a platelet, or & platelet-like membrane-bound cell fragment with reduced
immunogenicity. See for example Sugimoto, N & Eto, K. Cellular and Molecular Life Sciences
(2021) doi.org/10.1007/s00018-020-03749-8).

In some embodimeants there are 3 strategies that can be used to make a progenitor, producer or
effactor-chassis for example an engineered myeloid stem cell, & megakarvoblast, a
rmegakaryocvte, 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 megakaryoblast, a megakarvocyte, a megakaryocvte-like cell, an iPSC, a platelet, or a
platelet-like membrane-bound cell fragment:

Generation of @ universal progenitor, producer or effector-chassis by disruption of HLA-

[EEY

class la expression on cell surface

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

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

imrmune-modulatory genes.,

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

Strategy #1: qeneration of a2 universal engineered progenitor, producer or effector-chassis by

disruption of HLA-class Ia expression on call surface

1.1 Disruption of expression Beta 2 microglobulin (b2M}

Several investigators have designed hPSCs in which BZM is knocked cut. This is because the B2M
protein forms a heterodimer with HLA class I proteins and is required for HLA class I exprassion
on the cell surface. Knocking out the B2M gene can restrict an immune response from cytotoxic
CD8+ T celis by depleting all HLA class I 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.
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2016;22:2742-2785; Norbnop P, Ingrungruanglert P, Israsena N, Suphapestiporn K, Shotelersuk
V. Generation and characterization of HLA-universal platelets derived from induced pluripotent
stem cells. 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 hematopeistic progenitor cells,
Transfusion. 2010;50(8):1690-1701,; Gras C, Schuilze K, Goudeva L, Guzman CA, Blasczyk R,
Figueiredo C. HLA-universal platelet transfusions prevent platelet refractoriness in a8 mouse
model. Hum Gene Ther. 2013;24(12):1018-1028.}.

Norbnop et al generated HSCs, 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, Stirblyte I, Hayashi Y, Sawaguchi A, Akasaka M,
Nakamura S, Higashi N, Xu H, Matsumoto T, Fujio K, Manz MG, Hotta A, Takidzawa H, Eto K,
Sugimoto N (2020) iPSC-derived platelets depleted of HLA class I are inert to anti-HLA class 1
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 exprassion, do not elicit an NK cell response in vitro. While
this observation removes the concern of NK cells rejecting HLA-KO platelets (see Strategies #2

and #3), the reason for the low immunogenicity of platelels remains unknown.

In some embodiments, expression of B2ZM is knocked-out using any one or more of the following
gRNAs {see Example 5):

BZM 1. AAGUCAACUUCAAUGUCGGA [SEQ D NG 112
B2M 2: AGUCACAUGGUUCACACGGC [SEQ ID NO: 113
B2M 3 ACUUGUCUUUCAGCAAGGAC [SEQ ID NO: 114
B2M 4 UCACGUCAUCCAGCAGAGAA [SEQ ID NO: 115

e A

Preferably any of:

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

Preferably:
B2M 4 UCACGUCAUCCAGCAGAGAA. [SEQ ID NG: 1157
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Even significant but not total abolition of B2M expression can provide the desired hypo-immune
phenctype. Using a lentiviral delivered B2M short hairpin RNA (ShRNA), Karabekian et al
(Karabekian Z, Ding H, Stybaveva G, et al. HLA class [ depleted hESC as a source of
hypeoimmunogenic cells for tissue engineering applications. Tissue Eng PE A, 2015;21(18-
2033:2559-2571) reported that the mRNA leveis of B2M were decreased by 90%. The continuous
suppreassion 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 embodimeants the engineered progenitor, producer or effector-chassis of the
invention has been engineered o have reduced immunogenicity with respect o a non-engineered
progenitor, producer or effector-chassis. In some embodiments the engineered progenitor,
producer or effector-chassis that has been engineered to have reduced immunogenicity with
respect to 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
microgiobulin gena 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, optionally 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 melecules:
Deuse et al (Deuse T, Seifert M, Tvan D, et al. Immunobiology of naive and genetically modified
HLA-class~I-knockdown human embryonic stem cells. J Ceff 5ci. 2011;124(Pt 17}:3029-3037}
prepared hESCs in which HLA class I 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-Cas9
generates IPSCs with enhanced immune compatibility. Celf Stem Cell. 2019;24(4):566-578 ) also
prepared hiPSCs in which HLA-A and HLA-B were knocked out, but only a single allele of HLA-C
was knocked out by CRISPR. The hiPSCs-C cells with HLA-C expression bui no HLA-A and -B
expression suppressad NK cell activity.11 They also evaluated the graft survival of hiPSCs-C in
vive 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 to
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 expression of HLA-A and HLA-B has been entirely disrupted but wherein
expression of HLA-C has been partially disrupted. In some embodiments 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.

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

by overexpression of the HLA class Ih genes,

It is generally anticipated that knocking out B2M in hPSCs makes them become sensitive to
natural killer (NK} cell-meadiated killing because they lack the missing-salf response. HLA-I
molaecules are inhibitory ligands of killer immunoglobulin-like receptors (KIRsS) and CDO4/NKG2
on NK cells.

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 anyone or more of HLA-G, HLA-E, CD47 and PD-L1. In some
embodiments the engineered progenitor, producer or effector-chassis has been engineered 50 as
to have inhibited expression from the Beta Z microglobulin and has also been 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 unigue among immunomodulatory molecuies in that it has a potent immunosuppressive
action on virtually all arms of the innate and adaptive immune systems, through inhibitory
receptors 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
monocytes. HLA class Ia-negative, HLA-G-positive IPSC-derived NK cells have reduced
imimunogenicity, leading to increased 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. Biood 130(Suppl. 1), 3187 {(2017).

However, perhaps most importantly, it appears HLA-G is capable of promoting tolerance 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.
Stem 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.
(6}, 775-784 (2014); Zhao HX, Jiang F, Zhu Y1 ef al. Enhanced immunoclogical tolerance by
HLA-G1 from neural progenitor calls {(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 to single-handedly induce tolerance to

allogeneic cells in which genelic engineering of HLA class Ia molecules has not taken place.

2.2, Qverexpression of HLA-E

HLA-E, like HLA-G, is a nonclassical HLA class Ib molecule; it is minimally polymorphic. At a
simplistic level, HLA-F has a dual rofe, being an immune inhibitor via receptor CD94/NKG2ZA
on NK and CD8+ T cells, or an immune activator via receptor CD94/NKG2C on NK and CD8+ T

cells and via T-cell receptors on T cells.

Gornalusse et al {Gormnalusse GG, Hirata RK, Funk SE, et al. HLA-E-expressing pluripotent stem
cells 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
overexpression {see below) but also by the forced expression of HLA-E., HLA~E was knocked in
into hESCs at the B2M iocus, 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 allogeneic response by CD8+ T cells and resisted lysis 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-
seif rasponse by NK cells,

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

by overexpression of immune~-modulatory genes,

3.1. Overexpression of CD47

Cb47 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 SIRPa/CD172a,
an inhibitory receptor, found on macrophages. CD47 is extensively upregulated in solid and
hematological malignancies for immune escape. Also, the interface between foetal-maternal
biood and foetal tissues, which are composed of cytotrophoblast cells, expresses a low lavel 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. Hypoimmunogeanic derivatives of induced pluripotent stem celis evade immunea
rejection in fully immunocompetent allogeneic recipients, Nat Biotechnol, 2019,;37(3):252-258 )
designed hiPSCs (BCC-hiPSCs) in which B2M and CIITA were both knocked out using CRISPR,
and subsequantly, the CD47 gene was knocked in into hiPSCs. Cardiomyocytes and endothelial
cells 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 celis to inhibit them. PD-L1 has high binding affinity to
programmed cell death 1 (PD-1), which is displayed on T-cell surfaces where the interaction
between PD-L1 and PD-1 leads to the inhibition of T-call 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 Stem Cell. 2014;14(13:121-130 )} generated gene-edited hESCs (PC-hESCs) that
constructively express PD-L1 and cytotoxic T ivimphocyte antigen 4 (CTLA4)-immunoglobulin (Ig).
CTLA4 has high binding affinity to CD8& and CD80, which are the primary signaling pathways
invoived in the activation of T celis. 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 inte 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 cells. Proc Natl Acad Sci USA.
2019;116(21):10441-10446 ) generated hypoimmunogenic 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 into the safe harbour locus of A4VS1 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 genes or proteins;

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

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

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 disruptad, optionally wherein exprassion from both aligles of HLA-A and
HLA-B have been disrupted but wherein expression from only one allele of HLA-C has been
disrupted;

&) gverexpress 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} engineered to overexpress any one or more of HLA-G, HLA-E, CP47 and PD-L1, and has
optionally been engineered to have disrupted exprassion from the beta Z microglobulin gene;
and/or

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

immunomodulatory geneas 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



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 piatelet or enginesred piatelet-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. Deascribed 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, atherosclerpsis, lvmphatic 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 {ake CD40L)) are cdlearly invoived in processeas other than biood clotting.

Whether they are resting or activated, platelets present on their surfaces {(or on the surface of
exosomes and micro-vesicies) a range of adhesive proteins which facilitate both homo- typic
interactions between platelets and heterotypic 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
immunosuppressive properties which are entirely dependent on context (micro-environment, cell

status, tissue integrity, etc).

It is considered that the progenitor, producer or effector-chassis described 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 example 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 1o 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 embodimeants 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
engineered 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 sfficacy.

To address this, it is considered to be advantageous to disrupt one or more genes encoding
adhasive 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 tuUmors: Promises and challenges

hitps://dolorg/ 100018/ biopha 2018, 10964

Accordingly, in one embodiment the engineered progenitor, producer or effector-chassis, for
example enginesred myeloid stem cell, 3 megakaryoblast, a megakaryocyte, a megakaryocyte-
like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment has been
engineerad 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 biological action of the
engineered cargo, potentially leading to a greater net therapeutic effact.

Downmuodulation of CO40L
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Upon activation platelets release CD40L (aka CD154). Although CD40L was first dascribed on T-
cells and is a critical co-stimulatory signal development and function of the immune system, the

shear number of biood platelets makes them the predominant source of CD40L in the circulation.

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

non-immune celis,

Cb430 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 trimeri¢c sCD40L.

Engagement of CD40L with CD40 results in activation of the immune response program of CD40-+
celis. For example, (1) endothelial cells (EC) secrete chemokines (IL-8, TNF alpha and MCP-1}
and express adhesion molecules (E-selectin, VCAM and ICAM-1}; (2} BC produce -6 and 1L-12
as well as increase their exprassion of CDBG and CDES; {(3) B cells undergo isotype switching,
rmaturation t¢ a memory phenotype, and proliferation,

Ch48 is an important activation receptor for inflammation response, humoral and celiular
immunity. Since CD40 is present on a wide range of cell types and since activated platsiets 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 therapsautic settings, the presance of CD40L in engineesrad platelets may
counteract/overwhelm the therapeutic potency of orthogonal endogencus/exogencous cargos if
these are selected to block immune, inflammatory and/or proliferation events. Such therapeutic
settings are for example: some forms of blood-borne cancers or autoimmune diseases {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-aipha from RA SFMC is inhibited by anti-CD40
antibody. Thus, an engineered platelet directed at delivering pavioad to SFMC o 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, CB40 is expressed on the surface of many B-cell malignancies (i.e., chronic
ivmphocytic lsukemia (CLL) and multiple myesioma (MM}, non-Hodgkin lymphoma, Hodgkin
disease, and acute lymphoblastic leukemia) and certain solid malignancies {e.g., renal cell
carcinoma, breast carcinoma, melanoma, pancreatic carcinoma). CD40L engagement by follicular
T heiper cells induces strong pro-survival signaling in these malignant celis. It also inducas
resistance to apoptosis-inducing small molecule agents such as fludarabine and the Bcl-2
antagonist venetoclax. Approaches at blocking CD4C with a non-agonistic antibody have
progressed in the clinic (Leuk Lymphoma. 2012 November; 53(11}) Phase I study of the anti-
Cb40 humanized monocional antibody lucatumumab (HCD122) in relapsed chronic lymphocytic
feukaemia.}. Thus, it is expected that an engineered platelet directed at delivering pavioad to
malignant B-cells may show greater 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
local release of CD40L would counteract orthogonal therapeutic effects aimed at blocking
inflammation,

immune response or cell proliferation.

Accordingly, in some embodiments the invention provides engineered progenitor, producer or
effector-chassis, for exampile engineered myeloid stem cell, a megakaryobiast, 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 the CD40L gene.

By extension, other immune activators/effectors presented at the surface of activated platealets
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 activators 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, ¢ disrupt or inhibit the expression of are:
CD36, NODZ, SRB1, TLR1, TLRZ, TLR3, TLR4, TLRS, TLRG, CD40L, D93 {CigRp}, C3aR, CDBE
{(ChaR), CD89 {FcaR1), CD23 (FceR1y, CD32 {(FoyRIla), MHC classi, CD191 (CCR1}, CD193
(CCR3), CD194 (CCR4), CD184 (CXCR4), CX3CR1, CD102 (ICAM-2), JAM-C/IAM-3, CDE2P (P-
selectin}, CD31 (PECAM-1), CD150 {SLAMF1), CCLZ, CCL3, CCLS, CXCLL, CXCL12, CXCL4/PF4,
CXCLE, CKCLB, NAP2 {CXCL7), IL-1B. See Figurs 12,
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Accordingly, in some embodiments the invention provides an engineered progenitor, producer or
effector-chassis, for example engineered myeloid stem cell, a megakaryoblast, a megakaryocyie,
a magakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment
that has been engineered s5¢ as {0 disrupt or knockout the expression of any one ¢r more of the
following genes: CD36, NOD2Z, SRB1, TLR1, TLRZ, TLR3, TLR4, TLR&, TLRS, CD40L, CDY3
{(ClgRp), C3aR, CD8E {C5aR), CDBY (FcaR1l), CD23 (FceR1), CD32 (FoyRlla), MHC classl, CD191
(CCR1}), CD183 (CCR3), CD194 (CCR4), CD184 (CXCR4), CX3CR1, CD102 (ICAM-2), JAM-C/IAM-
3, CDB2P (P-selectin), CD31 (PECAM-1), CD150 (SLAMF1}, CCL2, CCL3, CCLE, CXCLYL, CXCLiz2,
CXCLA/PF4, CXCLS, OXCLE, NAPZ (CXCL7), IL-18.

Down-modulation of the GARP-TGFB axis

Transforming growth factor-B (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-§ 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-# 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-f indirectly attenuates CTLs by inducing the expression of Foxp3, which
confers a regulatory and immune suppressive phenotype to CD47 T cells.

Platelets are the dominant source of functional TGFB systemically as well as in the tumour
microenvironment through constitutive expression of TGFf-docking GARP rather than secretion
of TGFR per se. GARP {glycoprotein-A repetitions predominant protein) has been identified as a
fatent TGF-P1l 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 TGFB and thus contributes significantly to Treg cell homeostasis.
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In {ine with this, several reports have shown that patients with immune thrombocytopenia have
deficiencies in CD4A+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.

TGFE signaling has key roles in cancer prograssion: most carcinoma cells have inactivated their
epithelial antiproliferative response and benefit from increased TGFR expression and autocrine
TGFB signaling through effects on gene expression, release of immunosuppressive cytokines and
epithelial plasticity. As a result, TGFB enables cancer cell invasion and dissemination, stem cell
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-TGFE axis is a key immunosuppressive molecular hallmark in the cancer
microenvironment (3 Hematol Cngol. 2018 Feb 20;11(1) Immunoregulatory functions and the
therapeutic implications of GARP-TGF- in inflammation and cancer). Platelets are not
bystanders. Indeed, proof that piatelets constrain T cell immunity though a GARP-TGFB axis has
been obtained by platelet-specific delstion 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-TGFE axis is also engaged on platelets which ‘cloak’ metastatic celis: they inhibit
Natural Killer {(NK) cells, by inducing the release of soluble NKGZD 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
{either by disruption of the GARP or TGFB genes at iPSC lavel, 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 TGFE would counteract orthogonal therapeutic effects
aimed at blocking cancer cell proliferation, and EMT.

In some embodiments, the GARP LRRC32 gene is knocked out using any of the following gRNAs:
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gRNA99: CCUGAGCUGCAACAGCAUCG [SEQ ID NO: 116]
gRNA100: GCCACCAGCACUCAGCGCAG [SEQ ID NO: 117]

By extension, other immune modulators presented at the surface of activated platelsts or
released from activated platelets (either as soluble proteins, receptors anchored on exosomes or
PMVsY could be targeted to gene disruption/silencing. The efficiency and multiplex capacity of
genome engineering would aHow 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 embodimeants the invention provides an engineered progenitor, producer or
effector-chassis, for exampile engineered myeloid stem cell, a megakaryobiast, a megakarvocyte,
a megakaryocyte-like cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment
that has been engineered so as o disrupt or knockout the expression of any one or more of the
following genes: Siglec-7, Siglec-9, Siglec-11, TGFR.

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 overexprassions 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 anv 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 described herein that doss comprise one or more CPR,
universal CPR, complex of universal CPR and tagged targeting peptide, SAPR or ePAR of the

invention.

In some embodimeants, the progenitor, producer or effector-chassis may be engineeared 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. Sci. Signal. 11, eaanl088 (2018), which is hereby incorporated
by reference in its entirety). ITAMs on the TCRs convert the action of binding and recognition into
an intraceliular 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 [TAM
receptors was observed to inhibit T cell development by impairing thymocyte lineage commitment
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{Ibid}. Accordingly in one ambodiment the invention provides a progenitor, producer or affector-
chassis or engineered progenitor, producer or effector-chassis as described herein that has been
enginearsad 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 megakaryocyie, a megakaryocyte-like cell,
an iPSC, a platelet, or a platelet-like membrane-bound cell fragment comprises a disruption of a
least one gene, at least one, two, three, four, five, six, seven, eight, ning, or at least ten genes,
for example a disruption of a least one gene, at least one, two, three, four, five, six, seven, eight,
nine, or at least ten genes wherein the genes are involved in a3 the thrombogenic pathway, are

involved In immunogenicity and/or are involved in inflammation,

In some embodiments, the engineered progenitor, producer or effector-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 meachanism (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 entiraty). Therefore, knock-in of a gene into the BCL-3 locus or
identification of the minimal 5 UTR region that mediates activation dependent translation 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 transiation. For example, the progenitor,
producer or effector-chassis may be engineered to as to express a cargoe protein upon platelet
activation; and/or may be engineered to express a toxic protein upon activation, sither with a
view to destroving the platelet, or with a view to delivering a toxic pavioad to the target

cell/tissue,

In some embodiments, the engineered progenitor, producer or effector-chassis, for example
enginesared platelets or engineerad platelat-like membrane-bound cell 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-dependent transiation of a reguiatory protein,
Bel-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
exprassion regulation in platelets. Therefore, platelets described herein may have an altered
signaling pathway resulting in signaling induced protein transiation. For example, exprassing 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
engineerad to 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 ¢r more CPRs,
universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs or ePARs of
the invention can 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 @PARs 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 platelset-like membrane-bound cell fragment, or Synlet - however,
the platelet or platelet-like mambrane-bound cell fragment, or Synlet is derivad 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 least 2, 3, 4, 5, 6, 7, 8, 9, or at least 10 different CPRs, universal CPRs, complexeas
of universal CPRs and tagged targeting peptides, SAPRs or ePARs 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 ieast two CPRs, universal CPRs, complexas of universai CPRs and tagged targeting
peptides, SAPRs or @PARsS 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 targets.

In some instances, the platelet modulation domains of the at least two CPRs, universal CPRs,
complexss of universal CPRs and tagged targeting peptides, SAPRs or @PARs 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 to 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 i5, for example, where a particular cancer is known o

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 @PARs that have different
target binding domains have opposing functions, i.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 inhibils 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 otherwise 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. In 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 hergin, 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 io render it non-
thrombogenic, for example an engineered IPSC, enginesred megakaryocyie or engineered
platelet that has been engineered s0 as o be non-thrombogenic, and the progenitor, producer
or effector-chassis expresses one or more CPRs of the invention, the combination of the
engineared progenitor, producer or effector-chassis and one ¢or more CPRs, universal CPRs,
complexeas of universal CPRs and tagged targsting 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 engingered 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 aPARs of the invention. Such a system may be referred

to a Synlet delivery system.

The non-thrombogenic delivery system, or Synlet delivery system, may 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 exampie 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 systam comprising a progenitor, producer
or effector-chassis ~ preferably an effector chassis - as definad in any of the preceading ciaims
that expresses cne or more CPRs, universal CPRs, complaxaes of universal CPRs and tagged
targeting peptides, SAPRs or ePARs according to any of the preceding claims, optionally whereain
the targetad 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 defined in any of the preceding

- 83 -



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 and wherein the
progenitor, producer or effector-chassis has been enginsered 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 effactor-chassis of the invention may comprise a cargo. 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, universal CPRs,
complexes of universal CPRs and tagged targsting 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,

Referegnce to a cargo herein is intended to refer to any cargo that can be delivered using a platelet
or platelet-like membrane-bound celi fragment, or anginserad platelet or engineered platelet-like
meambrane-bound cell fragment. To be able to be delivered, the cargoe can be located in the
cvtoplasm, in the granules such as the alpha-granules, or in the plasma membrane or on the

plasma membrane surface,

The cargoe may be a therapeutic cargo or may be a non-therapeutic cargo, for exampile 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 endogenously expressed by the chassis, or which can be exogenously
lcaded in to a chassis. For example in some embodimeants the cargo is selacted from the group

comprising or consisting of:

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 theresof binds to a tumor antigen or a neocantigen;
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 CasS;
v} a bispecific protein, for example a bispecific antibody or a T-cell engager (BITE)

b} a nuclaic 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 reqularly

interspaced short palindromic repeats (CRISPR) seguence; or
iy a DNA vector;

¢} a toxin;

d) a small molecule drug or imaging agent;

&) 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;

h) radionucleotide drugs;

i) radionucieotide tagged antibodies, or conjugate any thereof.

In some embodiments the cargo is an antibody or antigen binding fragment thereof. As used
hargin, the terms "antibody” or "antibodies” refer {0 molecules that contain an antigen binding
site, e.g. immunoglobulin 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), class (e.g. IgG1, IgG2, 1IgG3, IaG4, IgAl and IgA2Y or a
subciass of immunogiobulin 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
rmono-specific and bi-specific, etc.), 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 herain, the term Tantibody 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 0OX40. 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 heavy variable regions are connected 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 F¢ fragments or single amino acid residues.

By "Fab fragment”, we include Fab fragments (comprising a complete light chain and the variable
region and CH1 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 embodimeants, the progenitor, producer or effector-chassis for example an enginesred
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 chermokinas and/or selecting to 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 programmaed cell death protein (PD-1) and Ioading of an engineered platelet
with cyciophosphamide has been observed to function as a potent anti-melanoma agent (Seeg,
Zhang et al. “"Engineering PD-1-Presenting Platelets for Cancer Immunotherapy.” Nano Letters,
2018, which is hereby incorporated by reference in its entirety). Specifically, megakaryocytes
were engineered o express PD-1, then the resulting engineered platelets were passively loaded
with cyclophosphamide. Platelet targeting to the melanoma was driven by surgica! wounding of
the tumor in vivo (i.e. using the natural thrombogenic properties 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 platelets

gither expressing PD-1 or loaded with cyclophosphamide.

In some ambodiments, 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 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, 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 editing 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 endonucleases to target specific sequences and degrade target nucleic
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acids. They have been adapted for use in various applications in the fisld 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 hergin 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 guida RNA by connecting the 3" end of the ¢rRNA to the 5 end of tracrBNA with
a linker loop. Jinek et al., Science, 337(6006):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 WO 2013/176772 provides numerous
examples and applications of the CRISPR/Cas endonuclease system for site-specific gene editing,
which are incorporated herein by reference in their entirety. Exemplary CRISPR/Cas9 systems
include those derived from Streptococcus pyogenes, Streptococcus thermophilus, Neisseria

meningitidis, Treponema denticola, Streptococcus aureas, and Francisella tularensis.

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

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

In certain embodiments, nickase variants of the CRISPR/Cas endonucleases that have one or the
other nuclease domain inactivated may be used 1o increase the specificity of CRISPR-mediated
genome editing. Nickases have been shown 1o promote HDR versus NHEI. HDR can be directed

from individual Cas nickases or using pairs of nickases that flank the target area.

In certain embodiments, catalvtically inactive CRISPR/Cas systems may be used to bind to target
regions {e.g., gene encoding an antigen, such as a receptor) and interfere with their function.
Cas nucleases 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 inciuding but not limited to transcription activation, transcription repression, DNA
methylation, histone modification, and/or chromatin remodeling. Such functional domains include
but are not limited to a transcriptional activation domain {2.g., VP64 or KRAB, SID or SID4X), a
transcriptional repressor, a recombinase, a transposasse, a histoene remodeler, a DNA
methyltransferase, a cryptochrome, a light inducible/controliable domain or a chemically
inducible/controliable domain.

In certain embodiments, a CRISPR/Cas endonuciease 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 encoding the polypeptide.

In certain embodiments, gquide nucleic acids may be usead to direct the activities of an associated
CRISPR/Cas enzymes to a specific target sequence 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 enzvmes, and the guide nucieic acids thus can direct the
activity of the CRISPR/Cas enzymes.

In one aspect, guide nucleic acids may be RNA molecules. In one aspect, guide RNAS may be
single-molecule guide RNAsS. In one aspect, guide RNAsS may be chemically madified. In certain
embodiments, more than one guide RNAs may be provided to mediate multiple CRISPR/Cas-
meadiated activities at different sites within the genomae.

In some embodiments, the cargo in the vesicles of an engineeared platelets described hergin is a
small molecule drug such as, but not limited to those described in paragraph [0180] as presented
on pages 98-123 of PCT PCT/GB2L20/053247 which is hereby incorporated by reference,

As mentioned previously, although the actual delivery tool is the platelet or platelet-like
membrane-bound cell fragment, these are fragments of precursor celis 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
producad by any one aor more of the progeanitor, producer or effector-chassis as defined herein,
for example any of the myeloid stem cell, a megakaryoblast, a megakaryocyte, a megakaryocyte-
fike cell, an iPSC, a platelet, or a platelet-like membrane-bound cell fragment. In this way it is
considered that cargo expressed 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 cargo is endogencusly 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 magakaryocyte.

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 exprass cargo, for example a cargo that is a:
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 neoantigen;

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

iii} a cytokine for example IL-10; or

iv) a CRISPR associated protein, for example Cas®;

v) a bispecific protein, for exampile 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) segquence.

As described above, it is possible to engineerad the progenitor, producer or effector-chassis so
as to place expression of the cargo under the regulation of a promoter that is only inducead 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 s0 as
to express 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 hereain.

It is clear that a nucleic acid encading a cargo as described herein can be introduced in o a
progenitor, producer or effector-chassis in a variety of ways. For example, in some embodiments
the nucleic acid that encodes the cargo is introduced in to the genomic nucleic acid. For example,
a nucleic acid encoding a cargo can be introduced to a first aliele 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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nuclaic 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 locus.
Additionally or alternatively, a first nucleic acid can be introduced into a first allele 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 introducead in to

a progenitor, producer or effector-chassis via nucleofection.

The invention alse provides a nucleic acid that encodes a cargo as described hearein.

Also as described herein, the cargo can be exogenously 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 cargo as described herein that comprises
an alpha-granule localisation signal, optionally a PF4 or vWf peptide sequence. In some
embodiments the progeanitor, 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 alpha-granule localisation

signal may be endogenously expressead, or exogenously loaded.

As described above, a means of targeting the delivery of cargo-loaded exgsomes to a particular
cell, tissue, organ or marker within the body is considered to be advantageous. Accordingly, in
some ambodiments, 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 are
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-engineerad 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 axosome release from a-granules, avoiding the issues currently
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faced by systemic exosome delivery strategies. It is expected that exosome loading strategies
developed in other cell types for a variety of cargoes can be applied to the targeting of cargo to
the exosomes in the progenitor, producer or effector-chassis of the invention, since the

constituent proteins of the platelet exosome are similar to classical exosomes.

Described below are exemplary means for targeting various cargo types {o the exosome, for
example for targeting protein or peptide cargo; RNA cargo; and/or Cas9 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 megakaryocyte
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 megakaryocyte
or megakaryocyte-like cell or precursor thersof, so as to put in place something to which the
cargo 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 loading

Exosomes feature distinct and specific membrane proteins which can be modified at their N or C-
terminus to load cargo. By e.qg. fusing a cargo protein or peptide to the C terminus of a tetraspanin
{such as CD63) or non-tetraspanin such as PTGFRN or BASP1, that cargo protein of peptide is
expeacted to iocalise within the lumen of an exosome as the homing protein would still be
specifically targeted to the exosome compartment (Dooley, 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 A, derived from an ExoCarta search for proteins localised to the platelet.

Table A,

STEAP3 CMIP ATPLAZ | DENND | VPS4A APCA4 FCGRZC | VAV PAZG4 WASF3
3

- 91 -



SERPINBL IGKVE-5 LRRCE7 | NHLRCZ | SEC228 RDX PTPNG IQGAP2 | MLEC ANK1
ATPZB1 IGLCZ VTN ORMDL DERA TYMP FN3K ACVR1 CCTeB CLIC4
3
GLIPRZ DCD CASP3 CANX GSN APQD DSP ESAM TMED2 ST13P
4
NCKAPL FAM129A | CEACA | ARPC3 TUBA4A ITGA2 TARS GPX1 CTTN JAK2
M1
SUSD3 ATFOR LMAN1 SKAP2 DNM2 ACLY CN3 CYFIPL WIPFL GP1BA
RABGA ARLLS UNC13 Uspks BIN2 HLA-E WDR1 HBD SLC7AL | CISD2
')
TUBBZE F2RL3 C4BPA 5713 LIMS1 PTPRJ RAB27A | TCZN PARKY BCAP3
ATPEVOAZ CAPNSH PGRMC | UBE2D2 | ZC3HAVL | FYN PRKACA | ITGAG CHMP2 EEFLA
i A 2
RARBSE C1iR HAL IGKC FERMT3 LIMS2 M&PR BLMH VAMPS CNDP2
BLVRRB CYFIP2 MME C8G DAD1 SLC12A GNAS PRIKCA LAT PGML
[5)
PRDX6 TLNL ATPEE LTF ST13P5 C8A RABZ0 MYLK C10A PECAM
MYLE TRPCE ATP2C1 | GANAB TSG10L RAPZB PFKP STX? VATL NCKAP
iL
FCGRP SNX18 EGF HLA- CLTC ALDHI6 | S100A7 | BEXOC3L | DSCL GRAP2
DRA Al 4
INPPLL LPCAT3 SLC4AL | MTHFDL | GDIL ANXASZ RASA3 TCPL SLC2AL | TUBB1
EEFLALPS FGG cTsD IGHG4 PDLIM7 CXCR4 MYQ1C ABCB4 FHLI RAN
PTPN1L MGLL MYL3 ICAM3 ITIH3 SNAPZ3 PIGR RHOC F5 ELMO1L
PYGRB YESL NEDD4 | ARPCS C20orf38 ENOQ2 VPS36 TRIPLO RDHLL TXNLL
S100A74A LRRC59 GHM EFNB1 CAPN7Y TBXAST FRYL ABIL GCA SCAMP
2
TMEM40 RABZ2 STRAP TESC HRG TAPBP CAMP LDHB PRKARL | RASAL
A
FTL  RHBDF2 | ATFLAL APLG1 CETP HPSE Cigorfs | ADDL YIFiR PDIA3 YWHA
CA2 4 H
TAPL ALB ADD2 PARVB CAT CORCOI1A | CLDNS HEPALA | S100A8 | TUBB
NUDTS ATPEAPL | UBAPL RARSE o] DBNL TUBA3E | LSTL Sep-11 ALAD
AKR7AZ GAPDH RENBP ACTRZ NCK2 TFG TPM1 WASF2 SFN PTP4A
2
SLAZ RAB2A LTBPL PVRLZ TMCE SERPIN FCGR2A | TPST2 ITGA4 DSTN
Gi
RALB ARHGAPL | LRBA HSPBL PEBPL APLBL SLCBA4 | HLA- RGS18 D63
8 DRB1
CCT4 ARHGAPS | TMEM1 | EMILIN PLXNA4 WDR44 CRIL UBE2vV2 | IDHL SND1
04 1
APQC3 MPP1 PZRX1 IGKV4- MTPN IDE IGHGL WASF1 PRKACE | LCN1
1
C1QB ADHLE STIM1 CAL MRVIL FGR FLOTL NT5E ACTAL SLC43
A3




LAP3Z RAB33A GSDMA | HARSZ EIFSA UBEZN DAAMI PRICL PLXNB2 | BROX
PTRP4AL MAPRE2 APCAZ CLICL EPSLS IGHGZ FAML77 UBAS2 PGD RPN1
Al
CHMP2B ANGPTL PGAML VCL ATPEVOD SNCB ARPCLB INF2 pZP MYADM
1
RASGRPZ DNMIL ™CGE IGHAZ2 ENO1 APZB1 PPP3CA RABLS ALPL PFN1
ARF& TNPG1 MMRNL | CANDI1 TMEDS8 MSN CPNEL TALDO1 1GSF8 PGRMC
2
SLC25A4 L.CP2 PSMBE STT34A HLA- TUBR4B SLC25A MYL124 ERLINZ GDI2
DRBS 6
DOK1 RPNZ LNPEP LGALSL DAB2 TOR4A TNIK APQE SLC44A | TSPAN
i i5
LMANZ F13A1 APCAL NEDD4 DHRSY ATP7A TAOK1 PGLS LRSAML | VAPA
LHFPL2 LCK CPNZ FGA GN PKPZ IGHAL ITGAZ2B EPR41 CORO1L
»
USPYX ATPZB2 HSD17 LTK PSMA7Y LTB4R UBAL TGFB1 ANXAL PTPRC
B4
che STX12 SLC7AS | TIP2 Chz26 CcCr2 PTTGLIP | ARAPL ADHLC HSPAB
NAPA VTAL FAMES TOM1ILZ | RAB7A SPN LDHA HLA-A TUBB4A | TMOSF
C 4
DARS CDSN ABCES ROCKL TKT TEC CLCN3 SELP SRC RPS27
A
PCMT1 EIF4A2 CAFZAL | HLA-B CASP14 ARLBB RAPIB DUSE3 PSMA3Z HBRAL
PLXNB3 PEF1 SNCA TSPANL | ARPC4 EPSL15LL | ATP2B3 PSTPIPZ | LILK PLSCR
4 3
IGHGS GNAI3 STIGAL | P4HB CFL2 SLC25A INPPSD SERPIN ATP2B4 | PTPRE
6 5 D1
GPS ENDOD1 STAM2 ICAM2 PRKCR CD40LG VWF ITCH SYTL4 ACTR3
Cis BTN3AZ CBR3 Sep-06 TUBA3C CCT3 SELL D82 TREML1I | RHQG
BLVRA PSMAS GGCT FCERLG | RAC3 HSPAS LYSGEF NME2 ERLINT TPIL
GGET2 TUBAS PCEP3 HPCALL LAMTOR1L CHMPS EPE42 ATPLIB3 S100A4 | STK1Q
CAB3S ITGAV PON1L ACTNG ANKFY1L B2M DM 1 PNP NRAS CCT17
RAPLGDSI PPPLCC UBE2ZV CPNE3 ITGAL CDC42B | YWHAG COLEC1 RABLLIB | DOCKS
1 PB 0
ANPEP TAOK3 PLCBS STOM PRKAGE VAMPZ2 PLANAZ DPYSL2 RABSA TWF2
HPRTI FAM151A | SRI ch36 ATPSAL CKAPS VPS28 CAPZB FAM4SE | STT3R
HBB PRDX1 PLXDC2 | SLCEAS | GNAQ HNRNPK | GNALL SITL ERBB2I Uusoi1
P
SERPINB4 ESYT2 RNFL1 DOK2 TPPZ SLCiza KNG1 PIP4KZ2A | VDAC2 BRK1
4
SLC3A2 SERPINB | TOLLIP OLAL PDIAS £SD RAB4A TMOSF2 SDPR GP1BRB
i2
SLC29A1 FLNA ERMAPR GRB2 CDC37 MTMR12 | PI4KA CAPZAZ | TMEMB3 | AKL
B
CNP TMEDS TMEM3 SLC44A | RALA IGLLES ACTB NAPG APQOBR SPCS3
OA 2
STAM GNB2 PMVK ARPCZ TMBIMI1 PLCGZ ATP2AZ TMED4 PACSIN CD5L
2
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CHMP4A VASP ARPY SPCS2 CAPN1 NAPILL AKR7L IMPAL NCSTN FTH1
EPHX2 RAP2A FAH PRKCQ LPA HSPOOA MYL1 PCBPL SERPIN SLCLG
Al Al A3
PRDX2 CHMPS VAPB TUBBZA | UBASH3R | YWHAE ATPEVL DDOST PSMAL SDCBR
B2
PEARL VPS13C UBE2NL | KRTGB TUBAILC WARS BAIAPZ GSTP1 PLTP TPM4
GYRC GNALZ RAB27 ITER2 PPIB SERFINB | EHD1 ATPEV( SNAP2S | DOCKL
B & Al 0
GOLGAY SYNGRZ RE5UL JAM3 cDLeo KPNE1 S100A9 VP PYGL YWHAB
SUSDL RRAS MYLL2B | PDESA BTK CAP1 RGSS D37 ECEL PLEKH
G2
GNB1 YWHAQ CCM2 RARB3S SELPLG EIFSA2 MFGES C4B LAMPL RRAS2
ARLGIPS B5G MLCL C3 SNX3 ARIZ2 IGLC3 Cl0orfS | S100A1 | RHOA
4 4
POCDLO ATP2AS NBEALZ | STXBPS | SHANKS CSTA PGK1 TMEMSES | HP LASPL
A
CTDSPL SLCLAS DOK3 TMEMG3 | WBP2 MOB1IB PTPRCA APOAS TBXA2R | C1QC
A P
UNC4SA YWHAZ MYHS MTSS1 PLG USPOY GGT3P PDLIM1 Fz TURAL
A
GSR AP2AL ITGAL FHODL crP RABIA MYH14 ATIC ~GB ANXA4
ARHGRIR SRGAR2 EFR3A HLA- VAMP7 FYB RABLC STX4 ACSL4 RAB3G
DPB1 A
ARHGAPL RABL1A PGK2Z STt CLECIB STABP3 TURALB PPPLCA ANXAZ DIP2B
DNAJIBEG EHD3 PDCDE NCCRP1 | GP9 BPIFBL ABCB11 IGLCL RABLR FKBPL
A
LAPTMS LGALS3B | SPTB ALOKL2 | ARRDCL Jup SLC2AL PPP2RY 6 LGALS
P 4 A 7
ARF4 VAMP3 WWP1 EIF4Al o) ITIH4 RUVBL1L MYLG PDCD6I | DEFS
P
PKHDILY IGLCS ACTCH TSPANZ | PSMAG SOD L P2RY12 TRIMBS ASAPL LRPL
3
E5YT1 ARF1 HPR GSTOL CHMPLA APQOLL FASN KALRN SCAMPS | NPEPP
S
SLCSA3ZRE TR ATGSA ERP44 F1iR STHBP2 LYPLAL EHD4 ADAMI TMED1
0 0
TTC78B NME1 ANXAL LRRC32 | AZM GTPBPR2 GP& ITGB3 LYZ MOBLA
1
ALDOA GePD CHMP4 TPM2 UBC ASAPZ HMHAL Prap BTN3AL | TPM3
B
RABEA VPS25 BLAM MAPKL4 | ACTGZ AZGPL GNAZ STK38 RAPLA NSF
ANXASG NCK1 ACTGL MAGT1 HSPAS SACMIL | GNATL ENPEP CcCTs RAB3C
MAPK1 HEG1 TTYH3 VAN1 ABCC4 LCNLIPL RABGE ABHD1& | ORMDL MVP
A 2
MAPREL UBa HPCA EEFLAL GABARAP | RTN4 EMD DAPPL SECL1A | RABLO
L2
ROCK2 CFLL ATPEVL | SCAMPL | ABCCL TF CsK PRKARZ | SERPIN LYN
A 8 A3
CchC42 THBRS1 ITIHZ CD44 RTNZ YKTE LSR IQGAPL PCBP2 PPIA
PPMI1A DSG1 RACL ARF3 ZYX WAS VPS4B TFRC ENG DpP4
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RAB14 FAM63A | RAB37 | FRKCD | EEFLG EIFSALL | COTLL | DSC3 FITPNB | GORTIL
TTIHL ARG1 CaA OSTFL | HLA- EEF2 VPS45 | GPRCSC | ATPSAL | GRHPR
DRE3
MINK1 RAPIGAP | CHMPL | STKZ4 | AHCY SLC2A3 | MAPAK4 | CCTGA | PTPRA | CD2AF
2 B
MFSDZB STAT3 ARHGD | HGS KIF2A ADHIA | ANXA7 | PSMDS | UGP2 CTNNB
1A :
TSPAND CCT8 ANXAS | TAGLN2 | CPNE2 PROSL | MYCLIG | APRT ORMDL | TMX1
4
UBE2D3 AGT PRDX4 | EZR PLEK RAB1Z | SERPIN | ADCY6 | SLCSAS | GNB4
B3
MYCTL PDIAG RARZB | HSPA7 | UBA7 KIAADST | OIT3 AMPDZ | ARHGAP | IGLC7
3 4
STX11 CLDN3 DOCKI | DIAPHL | PTGS1 ACTNI | RHEB MPL GGT1 ALDOC
1
CLU CIB1 CAPNS | AHSG | ACTAZ RAB21 | GNAL3Z | SYK PRDX5 | XPNPE
2 P2
APPL2 CDs2Z GPI ARLBA | ANXAZPZ | ANGE VTIiB INPFSA | TTGB1 | EPSS
ITGAS CD84 CD47 | LBP PODXL RABSC | VPS37B | SLCOAL | BTN3A3 | FNI
HARS HSFO0AB | HSPSG | SERPIN | CYBSR3 | FLOTZ Clorfls | TGM3 CiorflS | RHOF
1 Bl ) 8 8
RACZ

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

Soluble protein can be targeted to the exosome by fusion of targeting sequences to a cargo
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 results 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 also often trafficked to the exosome. Tagqing 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. S. (2016) Biotechnology and
Bicengineering, 113(6), 1315-1324; Giovannone, A. et al (2017) Molecular Biclogy of the Celi,
28(21), 2843-2853).
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The expression of a fusion protein comprising a cargo protein or peptide and an an exosome
loading tag in a megakaryocyte exprassion, is expected to result in platelet exosome loading with
that cargo protein or peptide.

Accordingly, in some embodiments 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
thereof, for example:

a tetraspanin, for example CD63; or

a non-tetraspanin such as PTGFRN or BASPL

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

i} 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
meambrane-bound cell fragment {(or engineered version thereof), the skilled person appreciates
that when expressing a cargo endogenously, that expression typically occurs in one or more of
the upstream progenitor cells, for example in the progenitor or producer-chassis ©.g. a
megakaryocyte of magakaryocyte-like cell.

Accordingly, in some embodiments the invention provides a progenitor, producer or effector-
chassis as described hersin thal expresses any one or more cargo proteins or peptides wherein

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

a) the cargo protein or peptide; and
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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 CD63; 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 ubiquitin ligases; and/or

iii} a ubiguitin tag; and/or

iv} a protein selected from the proteins listed in Table Al

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

Also as described elsewhere herein, the cargo 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 comprisaes one or more cargo proteins or peptides and
wherain the cargo protein or peptide is a fusion protein comprising:

a) the cargo protein or peptide; and

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

from the group comprising or consisting of:

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

a tetraspanin, for example CD&3; or

a non-tetraspanin such as PTGFRN or BASPL

i) an exosome targeting sequence from a soluble protein, for example the WW domain of
Nedd4 ubiguitin ligases; and/or
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iii) a ubiguitin tag; and/or
iv) a protein selected 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 carge that is to be delivered in a targeted (e.q. through a targeted
means using a progenitor, producer or effector-chassis or engineered progenitor, producer or
sffector-chassis as described herein 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
herein that does not comprise one or more of the receptors of the invention) fashion can be an
RNA. I is alse considered advantageous to target the RNA cargo to the exgsome for delivery,

Exosomes naturally contain a variety of RNA cargoes, including mRNA and miRNA, Platelets have
been previousiy shown to deliver RNA cargo to cells on activation, {miRNA transfer {Laffont et
al., 2013 Biood, 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(28),
6288-6295).

RNA targeting motifs

Studies of exosome resident RNAs have elucidated a variety of seguences which can increase
exosomal RNA localisation in exogenous RNAs (Batagov, A. Q. et al (2011) 10th Int. Conference
on Biginformatics - 1st ISCB Asia lJoint Conference 2011, InCoB 2011/1SCB-Asia 2011:
Computational Biology - Proceedings from Asia Pacific Bicinformatics Network (APBioNet),
12(SUPPL. 3) hitps://doi.org/10.1186/1471-2164-12-53-518). Different engineering strategies
have been proposed o increase axosome RNA localisation. Some of these sequences mediats
interactions with RNA binding proteins, resulting in exgsomal RNA sorting, via hnRNPagihA2B1 (
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} FERS Letters, 589{24}, 4071-4078).

Some pra-miRNA backbones feature specific hairpin structures (such as pre-miR-451) that target
them to the exosome which can be repurposad to facilitate targeting of alternate mRNAs when
usad as a packaging scaffold (Reshke, R, &t 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 faciiitate

exosome targeting

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 MS2 was fused
to Lampdb, VSVG and CD63 (exosome membrane proteins). Target therapeutic RNA was
engineared to express 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 RNA accumulation within the exosome (Hung & Leonard, 2016 Journal of Extracellular
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-ioop
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 membrane 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 3" UTR of an mRNA, in
cells co-expressing the L74e-CD63 fusion, resulted in /D box containing mRNA enrichment
within the exosome compartment. These strategies could be employed to target mRNA to platelet
exosome compartment (Kojima et al,, 2018 Nature Cormmunications, 9(1)}.

In some embodiments, any of the progenitor, producer or effector-chassis of the invention
described herein has been enginaered to fuse the bacteriophage coat protein MS2 {0 an exosome
meambrane protein, optionally to Lamp2b, VSVG and/or CD63. The presence of a cargoe RNA
comprising the corresponding M52 binding stem-loops within the progenitor, producer or effector-
chassis (either expressed endogencusly or exogenously loaded) 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 hersin 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 endogenousiy or exogenously loaded) is only
loaded 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 protein, optionally to Lamp2b, VSVG and/or CDE3; in some embodiments fused 1o
CB63. The presence of a cargo RNA comprising the corresponding C/D box binding partner within
the progenitor, producer or effector-chassis (sither expressed endogenously or exogenously
loaded)} results in the targeting of the cargo RNA to the exesome.

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

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 engineerad o express 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 exgsome targeting fragment thereof;
b} @ cargo RNA that comprises an aptamer domain, optionally wherein the aptamer domain is
selected fromn:

i}y a MS2 binding stem-loops; and/or

iy a C/D box; and/or

iii} 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

iy a /D box; and/or

iii}) an AU rich element, 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-iloop,
the progenitor, producer or effector-chassis should typically be engineered {o express a fusion of
the bacteriophage coat protein MS2Z to an exosome membrane protein, optionally to Lamp2b,
VSVG and/or CDB3. In some instances the progenitor, producer or effector-chassis may be
enginsered to express a fusion protein comprising:

a) the bacteriophage coat protein M52

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

¢} a light dependent dimerization protein.

The skilled person also 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 L74e to an exosome membrane protein, optionally to Lamp2b, VSVG
and/or CDE3; 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 seguence (i.e. aptamern)
and RNA-binding protein that can be used, in addition 1o or instead of the C/D box:L7Ae and

stem-loop:MS2 combinations described above.

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

engineerad to express a fusion protein comprising:
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a) an exosomaea specific protein
for example a tetraspanin, for example CD63; or
a non-tetraspanin such as PTGFRN or BASPL; or
Lamp2b or VEVG;
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.

Cas8 RNP delivery

The above mentionad strategies focus on RNA and protein exosomal lpading in isolation. To
facilitate genome engineering by Cas%/guide RNA delivery, both guide and protein must be
delivered. A number of engineering strategies have been proposed to drive Cas9 RNFP uptake in
exosomes, and thus facilitate gene editing in target cells exposed to the exosome on release.
One such approach is through the engineering of a CD9-HuR, CD9 is an exgsomal membrane
protein, and HuR is an RNA binding protein that speacifically targets AU rich elements {(AREs).
Engineering of AREs into the 3’ UTR of an mRNA encoding for Cas9, and its addition to an guide
RNA, drive their accumulation within exosomes, through their association with HuR and thus CD9
( Li, Z. (2019) Nano Letters, 19{1}, 19-28). Anocther approach for loading Cas? into exosomes
involves fusion of GFP 1o a exosomal membrane protein (such as CDY9 or CD63), Cas9 can then
be fused to a GFP binding nanobaody. This results in the binding of Cas8 protein itself to the GFP
of bound to the exosome membrane protein, driving its accumulation with the exosome
compartment. As this strategy is driven by targeting of the Cas9 protein, sgRNAs exprassed in
the producer cell bind to the soluble Cas9 taken up within the exosome, facilitating compleate RNP
transfer ). Finally, functional Cas9 systems have also been delivered to exosomaes in the form of
a plasmid. When exosome producer cells (in this case - the megakarvocyte) 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
Controlled 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 elements 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 engineered so as to exprass the cargo RNA), or loaded exogenously., This method may
be used to target any cargo RNA o the exosome.

In some embodiments, any of the progenitor, producer or effector-chassis of the invention
described hersin may have been engineered to express a fusion protein comprising GFP fused to
an exosemal membrane protein such as CD9 or CDG3. A cargo protein fused to an GFP binding
nancbody 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.q. Cass0 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
{&.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 megakaryocytes of megakaryocyte-like cells that have been
engineered to express any one or more cargo and/or corresponding components required for
exosome targeting as described above are expressed to produce platelets or platelet-like cell
fragments that comprise the carge 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
receptors of the invention, (i.e. one or more CPR, universal CPR, SAPR or &PAR) - 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
life, and potential for extravasation of exosomes, local release of exosomes 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 nucleic 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
harein, the cargo may be a therapeutic drug or a toxin, Preferences for the cargo are as described
elsewhere 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 to target the cargo to the
exosome, or other granule. Accordingly in some embodiments the cargo {(whether it is
endogenously or exogenously loaded) is attached to a targeting signal, for example an g-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 exampie into or onto an engineered myeloid stam celi, a megakaryoblast, a
meagakaryocvte, a megakaryocvte-like cell, an iPSC, a platelet, or a platelet-like membrans-
bound call fragment or Synlet of the invantion. Platelets naturally absorb drugs and antibodias
in their envirgnment through endocytosis and the open canalicular system and the skilled person
is aware of techniques 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, Foliowing platelet activation doxirubicin was found in the platelel exiraceliular
vesicles 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 to be
exogenously loaded with a wide range of cargo, which upon platelet activation is released from
the platelet,

In some embodimeants 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 {0 a tumor antigen or a neocantigen;
i) an enzyme, such as a nuclease for example a TALEN;
iii} 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)
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b} a nucleic acid - in some embodiments the nucleic acid is:
i}y an RNA, for example selected from mRNA, a3 miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence; or
it} a DNA vector;
¢} a toxin;
dy a small molecule drug, imaging agent, radionucieotide 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 mediated gene editing;
h) an exosome, for example an exosome pre-loaded with a second cargo; and/or
iy a8 nanoparticle or nanoparticies.
or any combination thereof.

Preferences for the cargo are as described elsewhere hersin. For example in some embodiments
the cargo is a protein that comprises an exosome targeting domain, as described above.

In some ambodiments the cargo is soluble. In some embodiments the ¢argo is membrane-bound.

The cargo may alsc 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 loading
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 ong or more

secondary cargo such as any of the cargo describad herein.

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

endogenous 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-granuile.
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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 vasicles of the engineered platelet.
For example in some embodiments a therapeutic agent or an imaging agent comprises or is

conjugated to an a-granule localization signal.

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

granules, preferably is stored in the aipha-granule.

In some embodiments, the cargo agent for example therapeutic agent is stored within an
expsome within the progenitor, producer or effector-chassis for example within the platelet or
platelet-like membrane-bound cell fragment. In some embodiments the at least one cargo agent
for example therapeutic 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.

Platelet 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
a-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
localization signal. For example, where the cargo is endogencusly produced, the cargo may be
exprassed by the platelet {or Synlet) or precursor cell such as a megakaryocyte in frame with an
g-granuie localization signal. In fact,

Exogenously loaded 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 to the a-

granule.

- 106 -



In instances wherea the ¢argo is endogenously produced by the progenitor, 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 BRNA that is to be
targeted to the specific target site, tissue or cell; or to produce enzymes or other active entities
that produce the cargo 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
wherain 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
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 exprassion of
HLA-C has been partially disrupted, optionally wherein expression from both alieles of HLA-A and
HLA-B have been disrupted but wherein expression from only one aligle 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, CD47 and PD-L1 and optionally been engineered
to have disrupted expression from the Beta 2 microglobulin gene; and/or

g} overexprass 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;

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 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;

D downregulate or inhibit expression of CD40L;

n} downregulate or inhibit expression of any one or more of CD36, NOD2, SRBL, TLR1, TLRZ,
TLR3, TLR4, TLR6, TLRY, CD40L, CD93 (ClgRp), C3aR, CD8E (ChaR), CDEY (FcuR1), CD23



(FeeR1), CD32 (FoyRIIa), MHC classl, CD191 (CCR1}, CD193 (CCR3), CD194 (CCR4), CD184
{(CXCR4), CX3CR1, CD102 (ICAM-2), JAM-C/IAM-3, CD62P (P-selectin), CD31 (PECAM-1), CD150
(SLAMF1), CCL2, CCL3, CCLS, CXCL1, CXCL12, CXCL4/PF4, CXCLS, CXCL8, NAPZ (CXCL7), IL-1p
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 TGFp

sy disrupt or inhibit expression of any one or more of GPIb/V/IX and GPVI (GP6), ITGAZB, CLECZ,
integrins s allbb3, azbl, a5bl and aéhl, GPVI and ITGAZB;

t) disrupt or inhibit expression of any one or more of Parl, Pard, P2Y12, GPIb/V/IX, the
Thromboxane receptor (TBXAZR}, P2Y1, 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 Coxl, 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 untransiated 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, complexeas of universal CPRs and tagged targeting
peptides, SAPRs or @PARs, optionally express at least 3, 4, 5, 6, 7, &, 9 or at least 10 different
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, 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 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;
ccy express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or ePARs, and wheregin 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, SAFR or ¢PAR is a platelet activation domain optionally a
degranulation triggering domain optionally an ITAM containing domain, and whergin 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 degranuiation, 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 optionally an ITAM containing domain;

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

ge) express one orF more cargo, optionally wherein the cargo is selected from the group
comprising:
ay a protein or peptide - optionally wherein the protein or peptide is:

iy an antibody or antigen binding fragmeant thereof, for exampie an antibody or

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

ity an enzyme, such as a nuclease for example a TALEN;

iii) a cytokine for example IL-10; or

ivi 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 CD8&3; or

a non-tetraspanin such as PTGFRN or BASP1L

i an exosome targeting sequence from a soluble protein,

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

b) a nucleic acid, optionally wherein the nucleic acid is:
i} an RNA, for example selected from mRNA, & miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence; and/or

iijan RNA that comprises an exosome targeting domain, optionally wheremn the

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

ay} an exosome targeting hairpin or linear motif;

b) a viral exosome targeting RNA or exosome targeting fragment thereof;
it} 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 AU 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 meambrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CD&3; and/or

i} the archaeal ribosomal protein L7Ae fused to an exosome membrane protsin,

optionally wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VEVG, 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, complexas 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;
i} a cytokine for example IL-1G; or
ivy a CRISPR associated protein, for example Cas9;
vY 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) sequence,

optionally wherein the cargo is expressed from the Bci-3 mRNA untransiated
regions, optionally 5'UTR.

Accordingly in some embodiments the invention also provides a nucleic acid encoding a cargo
protein or peptide or cargo RNA. In some embodiments the protein or peptide is selected from
an antibody or antigen binding fragment thersof, an enzyme {(such as a nuclease for example a
TALEN), a cvtokine, or a CRISPR associated protein 9 (Cas2.) In some ambodiments 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 meagakaryvocyte and/or platelet. For example, in
some embodiments the nucleic acid encoding the cargo protein, cargo peptide or cargo RNA s
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 megakarvocyte specific promoter or a platelet specific promoter. In some embodiments the
nucieic acid encodes a cargo protein or peptide or cargo RNA and comprises a heterclogous
sequence, such as a megakaryocyte 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, engineered 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 also provides a non-thrombogenic targeted delivery system 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

herein.

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 proganitor, 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 disaase.

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 @aPARs of the invention can
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be used to deliver cargo to a particular cell or tissug, 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, complex 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 a toxin, for example a toxin stored in the
alpha-granule, to a tumour using a CPR rasults 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 to
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 tumour via the CPR, starving the tumour of oxygen.

The progenitor, producer or effector-chassis described herein may be engineerad to kill cancerous
cells. For example, CD19 targeted TRAIL expressing platelets that treat cancerous 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-ligeand (CD178) and TRAIL
synergistically induce apoptosis of CD40-activated chronic lymphocytic leukemia B cells”, Blood,
2005, which is hereby incorporated by reference in its entirety). CD40L is naturally exposed on
activated platelets {see, Henn et al. "CD40 ligand on activated platelets triggers an inflammatory
reaction of endothelial cells”. 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 naturaily exposed on activated platelets (See, Schiricher 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 platelats to neutralize circulating tumor cells”, 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 CB19-scFv-ITAM 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
receptor 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 necantigen 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 cells to kill tumors expressing
negantigens {howaver non-specificity results in severe side effects). Megakaryocytes can be
loaded with MHC class 1 molecules with exogenous peptides and transfer these to platelets.
Neoantigens may be expressed in megakaryocyies, 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 platelet may be engineered to exprass MHC1-Neoantigen-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 presentation of cytotoxic T-
tymphocyte associated protein 4 (CTLA4Y and programmed cell death 1 (PD-13 on the surface of
the platelet and interaction with CTLA4 inhibitor (CTLA4I) and PD-1 inhibitor {(PD-11), 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 components described hersin, and
the skilled person is aware that the target binding domain of the one or more CPRs, universal
CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRS or ePARsS

nead to be designed to bind to an appropriate target depending on the disease 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 to 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 to, a cancer,
an autocimmunity disease or disorder, genetic disease, cardiovascular disease and an infection,

for example a bacterial or viral infection, for exampie an infections with SARS-COV-2.

In some embodiments, the cancer is selected from any of the cancers described in paragraph
(00197 on page 8-11 of PCT/GB2020/053247 which is hereby incorporated by reference.

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

autoimmunity conditions.

In some embodiments, the autoimmunity disease or disorder is selected from any of the
autoimmunity diseases or disorders described in paragraph [0620] on page 1i-12 of
PCT/GB2020/053247 which is hereby incorporated by reference.

In some embodimeants, the progenitor, producear or effector-chassis described herein may be used
to supprass autoantigen specific T calls to treat autoimmunea disease. In some embodiments,
CPRs, universal CPRs, complexes of universal CPRs and tagged targeting peptides, SAPRs 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
selacted 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, muscle,
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/GB2020/0353247 which is heraby incorporated by reference
shows the molecular target and/or tissue target for a non-exhaustive list of neurclogical system
autoimmunity disorders from Havter, 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 endocrine systam autoimmunity disorders from Havier, 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 ai; 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 autcimmunity disorders from Havter, et al.; Table 16 on page 132 of

- 115 -



PCT/GB2020/053247 which is hereby incorporated by reference shows the molecular target
and/or tissue target for a non-exhaustive list of musculoskelatal system autoimmunity disorders
from Havter, 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 cutanecus 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 Hayter,
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 Havter, 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 autcimmunity disorders from Havter, et al.

Various embodimeants 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 expresses at least one SAPR, whergin the target binding domain of
the SAPR comprises a major histocompatibility complex (MHC) molecule bound to a peptide
derived from a tumor antigen, a neoantigen, or an autoantigen. In some embodiments the
engineered platelet comprises an anti-inflammatory cytokine, for example IL~-10. The skilled

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 diseass and an infection.

Various embodiments of the invention described herein provide a method of in vivo gene editing
or gane therapy in a subject, the method comprising: administering to the subject an engineered
platelet comprising a chimeric platelet receptor described herein specific to a tissue to be edited,
wherein the engineered piatelet is cloaking a viral particie such as an adenovirus or Sendail virus
loaded with genome engineearing machineary; and releasing the genome machinary 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
systam 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/GB2020/053247 which is
hereby incorporated by reference,

In some embodiments of the use described herein, the disaase, 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/GB2020/053247 which is hersby

incorporated by reference.

Various embodiments of the invention hersin provide a therapeutic delivery system
comprising: {8) an engineered platelet presenting the chimeric platelet 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, radionucleotide drugs, radionucleotide tagged antibodies, or
conjugate any theresof; and a nucleic acid packaged within & 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 i) 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 embodiments,
the platelets or platelet-like membrane-bound cell fragments, or engineered platelets or platelet-
like membrane-bound cell fragments described herein may be produced using the technigue
described in Ito et al. {Cell, 174(3): 636-648.e¢18, 2018, which is hereby incorporated by
reference in its entirety}. Iio provides a method of clinical scale production of platelets 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



parameters of turbulent energy and shear stress (Ibid.). Production of greater than 10! platelets
were observed (Ibid.). Platelets were observed to function analogously to those derived from
doners {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 BCLZ | like 1
(BCL-XL) genes into the an iPSC of the invention using a lentivirus (for example wherein the iPSC
may comprise oneg or more of the engineering modifications described here). Additional genes
rmay be introduced or deleted resulting in an edited megakaryocyte, in fact even platelet specific
promoters have been previously 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 expression 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 platelats for transfusion
require storage at 22°C and must be used within & days. Slichter et al. “Treatmeant 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 DMS0. 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
cryopreservation process.” Therefore, cryapreserved platelets likely have efficacy for stabilizing,
reducing, or stopping bleeding in thrombocvtopenic patients as measured using the World Health
Organization (WHC) bleeding grades. No evidence was found to undermine the hypothesis that
cryopreserved 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 platelets or platelet-like membrane-bound cell fragments, the method 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 megakaryocytes; and engineering the megakaryocyte to have at lsast
one of the following:

insaertion of a nucleic seguence encoding a chimeric platelet receptor previously
described:

insertion of a 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 therapsutic agent or imaging agent;
deletion of or mutation in a nucleic acid seguence encoding a platelet receptor, mediator,
and/or signal transduction protein; and/or
deletion of or mutation in a nucieic acid sequence that resuits in the platelet 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 systermn 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
Synlets as described herein) wherein the method comprises establishing a megakaryocyte
progenitor cell line from an IPSC that comprises an expression system that had been introduced
into the iPSC (i.e. is a 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 megakarvocyte to have
at least one of the following;

insaertion of a nucleic seguence encoding a chimeric platelet receptor previously
described:
insertion of a 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;

-119-



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 platelst receptor, mediator,
and/or signal transduction protein; and/or
deletion of or mutation in a nucieic acid sequence that results in the platelet being less
imrmunogenic 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 megakaryvocyte progenitor cell line
with an exogenous cargoe to be loaded into the megakaryocyte progenitor cell line. The exggenous
cargo may be any exogenous cargo where it is considered o be beneficial to load the cargo into
the megakaryocyte progenitor cell line, for example a protein or peptide; a nuclei¢ 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 exosome, for example an exosome pre-loaded
with a second cargo; or a nanoparticle or nanoparticies. Preferences for the cargo, and for
rmethods of lcading the cargo, are dascribed elsewhere herein,

In some 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
exX0genous cargo may be any exogenous cargo where it is considerad 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
MmRNA, 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 nanoparticle or nanoparticles. Preferenceas for the cargo, and for methods of loading
the cargo, are described elsewhera harein.

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

CB3 or CB3 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 F9, 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 aiso known as calcitonin gene-related
peptide. CAZ is alse known as carbonic anhydrase 9 (CA-IX). MYH7 is also known as cardiac
myosin. MET is also known as ¢-Mat. F3 is also known as coagulation factor II1I. CLECBA 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. FOLRZ is also known as folate receptor 2. FOLRL is also known
as folate receptor alpha. FZD1 is also known as Frizzled receptor. B4GALNTL is also known as
GDZ ganglioside. STESIAL is also known as GD3 ganglioside. MMPS is also known as gelatinase
B. TYRP1 or TYRP1 is also known as glycoprotein 75, GPC3 is also known as glypican 3. CSF2RA
is also known as GMCSF receptor a-chain. IGF1R 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 also known as integrin alIbB3. ITGR7Y is also known as integrin
B7. IFNG is also known as interferon gamma. IFNARL, IFNAR2 is also known as interfercn a/p
receptor. CXCL10 is also known as interferon gamma-induced protein. IL124 or [L-12 is also
known as interfeukin 12. IL13 or IL-13 is also known as interfeukin 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 als0
known as interieukin 2. 1L22 or IL-22 is also known as interleukin 22. IL23A or [L23 is also known
as interleukin 23, IL6 or IL6 is also known as interleukin 6. SELL or CD6ZL is also known as L-
seiectin. MSLN is also known as mesothelin, MUCL is aiso known as mucin CanAg. MADCAMIL is
also known as mucosal addressin cell adhesion molecule. MAG is also known as myvelin-associated
glvcoprotein. NECTING is also known as nectin-4. CASP2Z is also known as neural apoptosis-
regulated proteinase 2. PTDSS1 is also known as phosphatidylserine. PDGFRE 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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aiso known as serum amyloid A protein, APCS is also known as serum amyioid 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 also known as TWEAK receptor. VIM is also known as
vimentin, VWF is alse known as von Willebrand factor. IL2RA or CD25 is also known as a chain
of IL-Zreceptor.

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

herein.

The present teachings further comprise pharmaceutical compaositions comprising one or more of
the progenitor, producer ¢or effector-chassis of the invention, and optionally at least one
pharmaceutically acceptable excipient or inert ingredient. 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]-
12377 of PCT/GB2020/053247 which is hereby incorporated by refarence.

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 a non-limiting list of term definitions.

As used herein, the term Tantigen” is defined as a molecule that provokes an imimune responsa
when it is introduced into a subject or produced by a subject such as tumor antigens which arise
by the cancer development itself. This immune response may involve gither antibody production,
or the activation of specific immunelogically-competent cells such as ¢ytotoxic T lymphocytes and
T helper cells, or both.

As used herein, the term “approximately” or “about,” as applied to one or more values 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 25, 20, 19, 18, 17, 16, 15,
14,13, 12,11, 10,9, 8, 7,6, 5,4, 3, 2, 1, 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 herein, the terms “associated with,” “conjugated,” “linked,” “attached,” and “tethered,”
when used with respect 1o two or more moieties, mean that the moleties are phyvsically 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 moleties remain
physically associated under the conditions in which the structure is used, e.q., physiological
conditions, An Tassociation” 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 results
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 scluble 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 @ compound,
substance, entity, molety, cargo or pavicad. 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
limited 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 herein are “engineerad” when they are
designed to have g 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 to one or more of the following
events: (1) production of an RNA template from a DNA sequence (e.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-translational modification of a polypeptide or protein.

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

As used hersin, 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, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 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 hematopoistic 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, megakaryocytes and granulocytes) and a ivymphoid progenitor cell {(which give rise
to lymphoid celis such as T cells, B cells and natural killer (NK) celis). Exemplary immune system
cells include a CD4+ T cell, a CD8+ T cell, a CD4— CDE- double negative T cell, a T yvd cell, a
Tap cell, a regulatory T cell, a 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 call.

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.qg., animal, plant, or microbe).

As used herein, the term “in vivo” refers to events that occur within an organism {(8.9., animal,
plant, or microbe or cell or tissue thereof),

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

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

As used herein, the term "messenger RNA” (mRNA) refers o any polynucleotide 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 polynucleic 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
polynucleic acids e.qg., 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
maodified 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 “neocantigen”, as used herein, refers to & tumor antigen that is present
in tumor calls 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). Thess tumor necantigens may provide a “forsign” signal,
similar to pathogens, to induce an affective immune response neaded for cancer immunotherapy.
A neoantigen may be restricted to a specific tumor. A neoantigen be a peptide/protein with a
missense mutation (missense necantigen}, or a new peptide with long, complately novel stretches
of amino acids from novel open reading frames (neoORFs). The neoORFs can be generated in
some tumors by out-of-frame insertions or deletions {dug to defects in DNA mismatch repair
causing microsatellite instability), gene-fusion, read-through mutations in stop codons, or
translation of improperly spliced RNA (e.g., Saeterdal et al., Proc Natl Acad Sci USA, 2001, 98:
13255-13260, which is hersby incorporated by reference in its entirety).

As used herein, the term “pharmaceutically acceptable excipient,” as used herein, refers to any
ingredient other than active agents (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: antiadherents,
antioxidants, binders, coatings, compression aids, disintegrants, dyes {(colors), emollients,
emuisifiers, 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:
butvlated hydroxytoluene (BHT), calcium carbonate, calcium phosphate {dibasic), calcium
stearate, croscarmeliose, crosslinked polyvinyl pyrrolidone, citric acid, crospovidone, cystgine,
ethylceliziose, gelatin, hvdroxypropyl cellulose, hydroxypropyl methyiceliulose, lactose,
magnesium  stearate, maltitol, mannitol, methionineg, methylceliulose, methyl paraben,
ricrocrystalline callulose, polyethviane glycol, polyvinyl pyrrolidone, povidone, pregelatinized
starch, propyl paraben, retinyl palmitate, shellac, silicon dioxide, sodium carboxymethyi celiulose,
sodium citrate, sodium starch glycolate, sorbitol, starch {corn), stearic acid, sucrose, talc,
titanium dioxide, vitamin A, vitamin E, vitamin C, and xylitol.

Pharmaceutically accaptable salts of the compounds dascribad herein are forms of the disciosed
compounds whearein the acid ¢r base moiety is in its salt form {e.q., as generated by reacting a
frae base group with a suitable organic acid). Examples of pharmaceutically acceptable salts
include, but are not limited to, mineral or ¢rganic acid salts of basic residues such as amines;
alkali or organic salts of acidic residues such as carboxylic acids; and the like. Represantative
acid addition salts include acetate, adipate, alginate, ascorbate, aspartate, benzenesuifonate,
benzoate, hisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsuifate, ethanesulfonate, fumarate,
glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate, hydrobromide,
hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
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sulfate, malate, malsate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenyipropionats,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanats,
toluenesulfonate, undecancate, 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 Himitad to
ammaonium, tetramethylammonium, tetraethylammonium, methylamine, dimethyiamine,
trimethylamine, triethylaming, ethviamine, 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 containg a basic or acidic moiety by conventional chemical methods. Generally, such salts
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 a mixture of the
two; generally, nonagueous media like ether, ethyl acetate, ethanol, isopropanol, 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 Salts: Properties,
Selection, and Use, P.H. Stahl and C.G. Wermuth {eds.), Wiley-VCH, 2008, and Berge et al.,
Journal of Pharmacsautical Science, 66, 1-19 (1977, each of which is incorporated herein by
reference in its entirety.

As used hereain, the term “subject” or “patient” refers to any organism to which a composition in
accordance with the invention may be administered, e.q., for experimantal, diagnostic,
prophylactic, and/or therapeutic purposes. Typical subjects include animals {e.g., mammals such
as mice, rats, rabbits, non-human primateas, 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 call receptor” (TCR) refers to an immunoglobulin superfamily member
having a variable antigen binding domain, a constant domain, a transmembrane region, and &
short cytoplasmic tail, which is capable of specifically binding to an antigen peptide bound to a
MHC receptor. A TCR can be found on the surface of a cell or in soluble form and generally is
comprised of a heterodimer having ¢ and B chains (also known as TCRa and TCRE, respectively),
or v and & chains {also known as TCRy and TCRJ, respectively). The extraceliular portion of TCR
chains {e.g., a~chain, B~chain) contains two immunoglobulin domains, a variable domain {e.g.,
g-chain variable domain or Va, B-chain variable domain or VB) atf 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 immuncglobulin, the variable domains contain

complementary determining regions {CDRs) separated by framework regions (FRs).
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As used herein, the term “therapeutically effective amount” means an amount of an agent to be
delivered {(e.q., nucleic acid, drug, therapeutic agent, diagnostic agent, prophyvlactic agent, et¢.)
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, dissase, 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
doses. Those skilled in the art appreciate that in some embodiments, a2 unit dosage form may be
considerad 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 results include, but are not limited to, one or more of the following: reducing the
proliferation of (or destroving) cancerous cells 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 prograssion of the disease,
and/or prolonging survival of individuals.

As used herein, the term “therapeutic agent” refers to a biclogical, pharmaceutical, or chemical
compound. Non-limiting examples include simple or complex organic or inorganic molecule, a
peptide, a protein, an oligonucleotide, 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 fo ascertain using no more than routine
experimentation, many equivalents {0 the specific embodiments in accordance with the invention
described herein. The scope of the presant invention is not intended to be limited to the above
Description, but rather is as set forth in the appended claims.

7w

In the claims, articles such as ™a,” “an,” and “the” may mean one or more than one unless
indicated to the contrary or otherwise evident from the context. Claims or descriptions that
include “or” betweaen one or more members of a group are considered satisfied if one, more than
one, or all of the group members are presant 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



embodiments in which more than oneg, or the entire group members are present in, employed in
or otherwise relevant to a given product or process.

It is also noted that the term “comprising” is intended to be open and permits but does not require
the inclusion of additional elements 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 avident 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 o one of ordinary skill in the art, they may be
excluded even if the exciusion is not set forth explicitly herein. Any particular embodiment of the
compaositions of the invention (&.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 1o be understood that the words which have been used are words of description rather than
limitation, and that changes may be made within the purview of the appended claims without
departing from the true scope and spirit of the invention in its broader aspects.

Dascribed 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 prasent invention is further iHustrated by the following non-limiting examples. Although any
rmaterials and methods similar or equivalent 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
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meaning as commonly understood by one of ordinary skiil 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 rasult, error bars indicate standard deviation.

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

Figure 3 - 7xK0 clone identification. A} Table showing Synthego ICE resulis 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 7x¥0O pool 10 days post
forward programming induction using doxycevcling, Performed in both unedited and 7xKO pool,
B} As in {A}, however 13 days post forward programming induction.

Figure 5 - 7xKO pool of cells is not activated by standard agonist. &) Microscopy images of
unedited MKs and 7xK0O pools, stained for P-Selectin at day 13 post doxycycline addition,
following fixation. B} As in {A}, however after the addition of TRAPS (10uM) and CRP {10ug/mi}
for 30 minutes, followed by fixation. €} Flow cytometry assay of P-Selectin exposure in MKs
stimuiated with 300 ng/mi of PMA. Vehicle control or PMA was added o live MKs and histograms
shown are of P-Selectin staining 7-10 minutes post agonist/vehicle addition. This assay was
performed on a 7xKO cione (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 & 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 iIPSCs transduced with lentivirus expressing CPR seguences
in {&}, 2 days post transduction

Figure 7 - Receptor expression on iPSC cell surface. A) CPR receptor design IDs. B} 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 cells 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
FMCE3-FITC staining of CPR3 expressing MKs and unstained MKs 10 days post doxycycline
addition.

Figure 9 - Receptor expressing MKs activate/degranulate in response to CD19 +ve cells, &)
Microscapy images of P-Selectin staining on fixed Mi(s expressing CPR3 or untransduced controls
following 30 minutes of incubation with either BJABs (CD19+ve B cells) or Jurkats {(CD 19 negative
T celis). B} Flow cytometry quantification of P-Selectin staining of samples imaged in {A}.

€} MFI fold change of P-Selectin staining in indicated comparisons. MFI calculated following
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),983-989

Figure 12 - taken from Ye, Q et al (2020) Cell Proliferation, DOI: 10.1111/cpr.12946. Strategic
gene editing of hPSCs to supprass the immune response. (A) Schematic structure of HLA class 1
and class I moleculas. (B)Y Strategic gene editing of hPSCs to suppress the immune response.

Figure 13. Pleiotropic effects resulting from the interaction of CD40+ T cealls, 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



Figure 14: TGF-B-mediated escape from NKGZD-madiated tumour immunorecognition by
cytotoxic lymphocytes. NKGZD down-regulation on  cyiotoxic lymphocytes impairs their
immunosurveillance of NKGZDL-expressing malignant cells and subsequent tumour elimination.
Tumour cells release both soluble TGF-f and TGF-f-containing exosomaes 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-regulate NKGZD surface expression. TGF-£ also acts on tumour cells in an autocrine or
paracrineg manner thereby reducing NKG2ZDL expression and further subverting cancer
immunosurveillance by the NKG2D-NKGZDL axis. Other major source of TGF-B are platelets as
well as regulatory T cells (Tregs) and myeloid derived suppressor cell, From: Impairment of
NKG2D-Mediated Tumor Immunity by TGF-B; Front. Immunol, 15 November 2019

hitpsy//Jdolorg/10. 3389/ fimmu, 2019, 02889

Figure 15: The intimate crosstalk between platelets and cancer: TGFb. (A) EMT induction in cancer
cells is a key mechanism invelved in platelet-mediated metastasis formation and is characterized
by reduced levels of typical epithelial markers and increased exprassion of many mesenchymal
markers with prothrombotic properties. This leads to the activation of platelets by cancer cells
and the release of TXAZ, which binds 1o the platelet receptor TP, allowing the amplification of the
platelet response. PGE2, PDGF, and TGF-B are platelet-derived mediators that mediate the
induction of EMT, thus leading to tumour invasion and metastasis formation. (B) Platelets promote
metastasis by providing cancer cells with protection from imimune 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
recagnition of tumour cell missing self, thereby impairing cytotoxicity and IFN-y production by
NK cells. Also, GARP activates latent TGF-B, promoting the suppression of immunea response {o
cancer cells mediated by regulatory T cells. Platelet release of TGF-B impairs interferon-y
production and NK cell cytotoxicity.

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

Figure 17: 3xKO pool Forward Programming efficiency

AY Flow cytometry based MK differentiation marker panel and viability analysis of 3xKO pool 10
days post forward programming induction using doxycycline, Performed in both unedited and
7xKO pool. Further method details on forward programming and markers can be found in exmaple



6. Performed on (A) 3xKO ITGAZB/HPS1/PARL pool, (B) 3xKO ITGAZB/HPS1/P2Y12 pool and {(C)
wildtype, unedited.

Figure 18: B2M guide screening
Freguency 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-
FMCE3 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 were
transduced with lentivirus 1 particles (Figure 64,8}, At day 10, surface expression of the CAR was
assayed 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 expression. 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-MKSs 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 IPSC-MKs

Following lentiviral transduction of iPSCs undergoing forward programming towards the
megakaryocvte lineage, cells were assaved at day 15 for their expression of surface level CAR
using a CAR binding antibody. iPSC-MKs expressed surface level CAR dose-responsively with
amount of virus used at day 10 for transduction {8s measured by MOI). PLPs derived from these
iIPSC~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 exosomaes. (B) FoP iPSC megakaryocytes were nucleofected with plasmid
exprassing minimal BASPL-mScariet-L7Ae fusion protein, plated on Fibrinogen three days later



{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
+ (3.3% TWEENZ(J)} subseguently stained with Mouse anti-CD&2P {(AbCam ab255822) + Goat anti
Mouse Alexa Fluor Plus 647 (Invitrogen).

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

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

Figure 25: 7xKO IPSC derived MKs exhibit robust CAR expression

Following lentiviral transduction of clonal 7xKO iPSCs at day 10 undergoing forward programming
towards the megakaryocyte lineage, celis were assaved at day 13 for their expression of surface
laval CAR using a CAR binding antibody. This 7xi0O iPSC clone corresponds o clone 34 identified
in Figure 3.

EXAMPLES

Example 1. Establishing platelet 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,Chudaoji, Shimogyo-ku,Kyoto, 600-8815, JAPAN and the
Tokyo office; 337 Bldg #1, The University of Tokyo Institute of Medical Science 4-6-
1,Shirokanedai, Minato~-ku,Tolkyo, 108-8639, JAPAN, in addition to a VERMES™ bioreactor
(Satake Multimix) to allow rapid, high-gquality platsiet production.

Alternatively, 2 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 heraby incorporated by reference
in its entirety. The method is hypothezied to vield about 2.4x10° platelets/mi in three days). A
hybrid approach combining the technigues described hersin also mav be used. For example,
Magll cells (ATCC® CRL-2021™ from Sigma Aldrich) may be combined with the six factors in a
bioreactor with turbulence to result in less clinical transiation.

An in vitro assay for CD62 (specifically displaved 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 maasured,
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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 cells 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 adited 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 et
al. “Platelet ITAM signaling is critical for vascular integrity in inflammation”. JCI, 2013, which is
hereby incorporated by reference in its entirety). Aline of CLEC-2 knock-out (KO) human platelets
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 controt (CLEC-2) human
platelets and non-thrombogenic edited platelets. The mouse is injured according to the protocol
of an assay, such as hemoglobin (Hb) skin accumulation or tail vein bleading time.

Any clot formed as a result of the assay is observed for the presence of edited platelets. The mice
are treated with rhodocytin {2 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 platelats 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. CD18). The construct is
introduced either as an additional copy or by knock-in to the endogenous platelet receptor locus
to replace the cognate extracellular domain of the receptor. The CPR expressing platelets
aregenerated in vitro and exposed to a cell ling expressing CD19 {e.g., NALM-6 cell line) and a
controt 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 {g.g., TRAIL) is

expressed to increase cytotoxicity by the engineered platelets.



Using a similar technigue, the CPR is engineerad to include portions of known ITAM containing
platelet receptors (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 sguamous cell carcinoma 1 (NY-ESO-1) from Astarte Biologics. The construct is
introduced as either an additional copy or by knock-in to the endogenous platelet receptor locus
replacing its cognate extraceliular domain. These CPR-expressing platelets are produced in vitro,
and a peptide antigen is added to the sample. The CPR-expressing platelets are exposed to a T-
celt line responsive to peptide~-MHC {(or to a naive batch of mixed T cells), and T cell response to
exposure is observed. The platelets are loaded with different cytokine cocktails to determine

whether the T cell response can be modified.

Non-thrombogenic platelets derived from a CD19 expressing melanoma cell line {or other
melanoma cell line) are enginssred 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 CD 12 Nalm-6 B Cell leukemia model, TRAIL is expressed in non-thrombogenic platelats.
FASL and CD40L are already present, which synergize with TRAIL to 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 & therapeutic benefit to validate the approach.

Alternatively, experimental autoimmune encephalomyelitis (EAE) is induced in mice using
praviously 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 cytotoxic components {to kill
off specific cells) and TGF-B 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

non-thrombogenic CPR-exprassing platelets in vivo.

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

exon 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
table 21.



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 ug 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 Biolaminin 521 LN
(Biolamina). CloneR was kept in the media until day 2 post sorting. Colonies were harvested 15-
20 days 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-maitched isotype control antibodies and compensation matrices defined

using single colour-stained cells.

CRISPR editing - screening

24 hours prior to nuclecfection 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 pf of 91,5 pmol/ull of sgRNA in TE {Synthego) {38 1:3 molar ratio} directly and incubated
for at least 1 hour at room temperature. 100,000-500,000 HiPSCs per nucleofection were
harvested with GCDR (Stem Cell Technologies). Harvested cells weare spun down and resuspended
in 20 pb nucleofection buffer P3 {Lonza). Cas9/gRNA mix was then added to the 20 ul cell/buffer
P3 mix, then nucleofaction was performed using 16-well Nucleocuvette Strip with 4D Nucleofector
system (Lonza). Following nucleofection, 80 uyl of media was added to the nucleocuvette well,
and cells wera replated into a single well of a 24 well plate, in CloneR containing media. Media
was changed two davs later for mTeSR Plus.

CRISPR editing - sequential
24 hours prior to nucleofection meadia was swapped for CloneR containing media. On the day of

nucleofection, 5 i of 61 pmol/ul of Alt-R HiFi Cas® V3 (Integrated DNA Technologies) was mixad
with 10 ul of 91.5 pmol/ul of sgRNA in TE (Synthego) {a 1.3 molar ratio) directly and incubated
for at least 1 hour at room temperature. 1 - 2.5 million HIPSCs per nucleofection were harvested



with GCDR {Stem Cell Technoiogies). Harvested cells were spun down and resuspended in 100
pul nucleofection buffer P3 (Lonza). Cas9/gRNA mix was then added to the 100 pyl cell/buffer P3
mix, then nucieofaction was performed using the 100 yL Nucleocuvette with 4D Nucleofector
system {Lonza). Following nucleofection, 400 ul of media was added o the nucleocuveiie weli,
and celis were replated into two welis of g & well plate and one well of 3 24 well plate, in CloneR
containing media. Media was changed two days later for mTeSR Plus. Cells were given 3-4 davs
total to recover, bhefore the subseguent nucleofection was performed.

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

was extracted using Kapa Express Extract Kit (Roche) following 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 ware then input into the ICE analysis software
(Synthego) and thus editing efficiencies were 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 OCT4, S0OX2, KLF4 and MYC reprogramming factors from the

donor cell line.

Cells weare cultured under standard conditions with doxycychline for 10 days at which point the

celis were harvested.

HSC differentiation to megakarvocvtes

Adult, peripheral blood derived HSCs were driven to differentiate into megakaryocytes using a
cocktail of cytokines in Stemspan SFEM2Z (Stemspan 100x MK Supplement, Stem Cell
Technologies, Catalog Number 02696}, Protocols are available on the manufacturers website.
Peripheral blood HSCs become competent for PLP production at D10-D13 of differentiation.

PLP production
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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 based activation assay (CRP/TRAP-6/PMA)
To assay the activation of MKs in response to mixing with known agonists, 106,000-500,000 MKs

were first harvested by centrifugation at 100G for 8 minutes and resuspended in 100 upL of
Tyrode's buffer (134 mM NaCl, 12 mM NaHCO03, 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 weare resuspended in 300 b Tyrode’s buffer containing anti-CD42 antibody (1
ul/100 pl) was added to allow for mature MK identification. MKs were analysead either by imaging
using confocal microscopy, or by flow cytometry. CRP (Cambceoll 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/ml. When cells were used as agonists (Jurkats, DSMZ cat no: ACC 282
and BJABs - B Cell lymphoma line, Ghevaert lab stock) they were added in 111 number vs. MKs.

Table 21-23 presented on pages 154-161 of PCT/GB2020/053247 and which present gRNA primer

sequances; 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
PARN
Name Seguence sequence
GGGGTGAATCAGTCGCTCCA
grnal HPS1 ir [SEQ ID NO: 50] GGG
GTCAACACCAGCCCCGAGCG
grna2_HPS1 2 [SEQ ID NO: 57] GGG




GCTGGAGCGGCACGTCATCC
grna3_HPS1_3 [SEQ ID NO: 58] AGG
CTTGGAGTGCACGAGCAGGA
grnad HPS1 4r [SEQ ID NO: 59] AGG
ITGAZB
Exon 7

PAM
Name Sequence 5eqUence
CAGTAGCCGETCGEAAGTACTC
grnaS5 ITGA2B 1r | [SEQ ID NO: 60] TGG
ATTTTCTCGAGTTACCGCCC
grnab ITGA2B 2 | [SEQ ID NO: 61] AGG
CTCGAGAAAATATCCGECAAC
grna7 ITGAZB 3r | [SEQ ID NO: 6Z] TGG
SGGAGGACACGTGCCACAAA
grna® ITGA2B 4r | [SEQ ID NO: 63] AGG
GPB
Exon 3
PAM
Name Sequence seguence
GGGCGTGGACCTGTACCGCC
rna9 G SEQ ID NO: &4] TGG
grna9 GPG_1 [SEQ ID NO: &4] TGC
ACGAGCTCCAGCTGGTCGCT
rnall _GPS 2r [SEQ ID NO: 65] GGG
CGGAGGTCCCTGGCACCGEA
grnall GP6 3r [SEQ ID NO: bo6] GGG
rnal? GP6_ 4 CCAGTGACCCTCCGGTGCCA GGG
g SRS




Parl

Exon 2
PAM

Name Sequence seguence
GGAGCTGGTCARATATCCGG

grnall_Parl 1r [SEQ ID NO: &8] AGG
TTCCTGAGAAGAAATGACCG

grnald Parl 2r [SEQ ID NOC: 6©69] GGG
ACACTCCGGTGTACACAGAT

grnals Parl 3r [SEQ ID NO: 707 GGG

grnale Parl 4r

ACGATGGCCATG

N T "‘l""[l""[l—'"[—/\ '
s L b

ittt
=l
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o
fORY

Pard

Exon 2
PAM
Name Sequence seguence
ACTTGGCCTGGGTAGCCGCG
grnal? Pard 1r [SEQ ID NO: 72] GGG
GGTGCCCGCCCTCTATGGGC
grnalg® Pard 2 [SEQ ID NO: 73] TGG

grnal9 Pard 3

TGETGGGEGECTGCCGGCCAAT

grna2l Pard A4r

"\

AYalari\YathiaTararaiol elivaslie
AGCAGTGCCCGTGAGCTGETC

Coxl
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Fxon 73 andexon 8

Name

Sequence

PAM

sequence

grna2l Coxi 1

ACTT

TGGCAAGAT

atalinlalal
soa iU

ittt
=l

-3
o
fORY

grna22_ Coxd 2 [SEQ ID NO: 77] GGG
GTCTCCATAAATGTGGCCG

grna23 Cox1 3r | [SEQ ID NO: 78] AGG
ARACTGCGGCTCTTTAAGGAT

grna2d Coxi_4 [SEQ ID NO: 79] GGG

pP2Yi2

Exon 3
PAM
Name Sequence sequence
GTAGTCTCTGGTGCACAGAC
grna29 P2¥12 ir | [SEQ ID NO: 80] TGG
GARAGAARATCCTCATCGCC
grna30 P2Y12 2r | [SEQ ID NC: 81] AGG
ATTCTTAGTGATGCCARRCT
grma3l P2v12 3 | [SEQ ID NO: 8Z] GGG
GATCGATAGTTATCAGTCCC
grna32 P2Y12 4r | [SEQ ID NO: 83] AGG
B2M
Exon 2
PAM
Name Sequence seguence
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AAGTCAACTTCAATGTCGGA[SEQ

grnad40 B2M 1r | ID NO: 84] TG
AGTCACATGGETTCACACGGC[SEQ

grnadl B2M 2r | ID NO: 85] AGG
ACTTGETCTTTCAGCARGGAC [SEY

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

grnadl B2M 4 ID NO: 87] TGG

As mentioned elsewhere herein, the skilled person will appreciate that it 1s conventional to provide
the sequence of a RNA molecule using the nucleotides AGTC. However the skilled person knows
that 1n RNA the T 1s replaced with Uracil. Accordingly, any sequence described herein that relates
to an RNA molecule can be written with a T or a U, though i practice the RNA molecule will

contain U rather than T.

Table 22 amplicon primers:

HPS1
Sequencing primers
ATCTGGTGCAGAGTCCAAGCI[SEQ ID
RocCOl sHPS1 F1 | F NO: 88]
TGGAGGAGGTGATTCTTGGLC [SEQ ID
RocO2 sHPS1 R1 | R NO: 89]
Product
size: 387
ITGAZB
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Sequencing primers
GGCTCCTGGCGGCTATTATT[SEQ ID
RocO3 ITGAZB F1 | F NO: 90]
CTTAGGCGGTGGGTTGGCISEQ ID NO:
RocC4 ITGA2B R1 | R 91]
Product
size: 360
GP6
Sequencing primers
AGCAGCGGGGETCCAGG [SEQ ID NO:
RocO5 GP6_F1 F 921
CGTGGCACCACCACCCISEQ ID NO:
Roc(6_GP6_R1 R 93]
Product
size: 462

Parl

Sequencing

primers

ACCCACTCTCCTAGTAAGAAMACAT [SEQ

RocQ7 Parl F1 F ID NO: 94]
CAAACTGCCAATCACTGCCG [SEQ ID
Roc(8 Parl R1 R NO: 95]
Product
size: 541
Pard
Sequencing primers
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ATGTCCAGCTGTTTCCCACCISEQ ID
Roc09 Pard F1 F NO: 96]
GCAGGTGGTAGGUGATCC[SEQ ID NO:
RocO10 _Pard R1 | R 971
Product
size: 415
Coxl
Sequencing primers
CCAACCAGGGAAGAAGCAGT [SEQ 1D
RocO11 Coxd F1 | F NO: 98]
TGGCACAAGCTTCCCACTC[SEQ ID NO:
Roc012 Cox1 R1 | R 99]
Product
size: 514
p2Y12
Sequencing primers
GAGGAGGCTGTGTCCAAAAA [ SEQ 1D
RocO15_P2Y12 F1 | F NO: 100}
GGCTGCCTGITGGTCAGAAT [SEQ ID
Roc0l16_P2Y12 R1 | R NO: 101}
Product
size: 607
B2M
Sequencing primers
TGACACCAAGTTAGCCCCAA[SED
RocO58_B2M F1 | F D NO: 102]
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GGGATGGGACTCATTCAGGG [ SEQ ID
Roc059 B2M R1 R NO: 103}
Product
size: 463
Example &

To generate & 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, P2Y1iZ, Parl and Par4.
CRISPR/Cast mediated IN/DEL generation was chosen as the method for gene knock-out {(KO).
First, guides were designed o 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 seguencing and TIDE
or the Synthego ICE gigorithm. 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 seguential 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 sequentially, with 3-4 days rest between sach nucleofection.
This protocot did not produce an adverse effect 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 KD
itself was detrimental), and surprisingly high gene editing efficiencies were observed for all
targets (>94% for all targets except COX1) (Figure 2C). Following the sequential KO protocol,
single cells were sorted inte a 96 well plate and allowed to grow up forming clonal ¢olonies. These
colonias 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 iPSCs would still be able to differentiate into MK like cells. To
understand this, iPSCs were forward programmed into MKs by doxycycline meadiated 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
sditing efficiencies within the pool it is Hkely >80% of cells feature al least & KOs, We observed
no effect 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
7xKO population validated the protein level KO of this gene as pradicted by our sequencing 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 plateiets are
fragments of MKs), and thus MKs were used here as a surrogate for actual platelets. It is expected
that the results seen in MKs would transiate directly 1o 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, alpha-
granules fuse with the plasma mambrane and exocytose their contents {(degranulation), and their
meambrane components mix with the plasma membrane. P-Selectin thus becomes exposed and
detectable by fluorescent antibody mediated staining. Resting 7xK0O MKs feature lower basal
lavels of P-Selectin exposure than unedited wildtype MKs (Figure S5A). Upon stimulation with two
classical platelet agonists, CRP and TRAPE (which signal through GPVI and PARL respectively -
both KO'd in the 7xKO pool), no increase in P-Selectin staining was observed in the 7xK0O 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 7xKO
MKs with PMA, an agonist that bypasses the signaling pathways removed within the 7xKO line,
7xKO MKs exposead 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 differentiate 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 CLECZ, FCERG and FCGR2A.
CLEC?Z 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 vielded
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four potential receptor designs (Figure 6A). These designs wers 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 were transduced onto iPSCs, and transduction
efficiency examined by mCherry expression. Notable mCherry expression was detected across all
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., CD19~-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 localised to the plasma membrane of
the cells expressing them (Figure 7).

A clonal 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 exprassed within these cells. MK viability was not impacted by CPR3 expression
either {(Figure 8A). Note that CD41 is clonally KO'd within these cells, and thus the lack of its
exprassion is expected. To vaiidate that CPR3 was expressed and that this expression was
rmaintained 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 expression), there was a srong positive correlation between
mCherry levels and surface scFV expression levels. This demonstrates that CPR1 can fold and
localise well to the surface of a megakaryvocyte (Figure 20 part 1), Importantly, foliowing PLP
production from these megakarvocytes, PLPs were also shown to express surface resident,
correctly oriented CPR1. These resulis have also been subsequently repeated in iPSC derived
meagakaryocvtes and PLPs derived from them (Figure 22). Importantly, CPR1/CARL localised to
the surface in non-thrombogenic 7xKO clone 34 line (Figure 25}, and in a control CD34/CD41 KO
line (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
rmixed with a CD19 expressing B cell leukemia line (BJABs) or CD19 negative T cell leukemia line



{Jurkats) and P-Selactin exposure was measured as before. Microscopy imaging of mixed call
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 cells do not activate
untransduced MKs, and CD19 negative Jurkats do not activate CPR3 expressing MKs. These
results demonstrate that the CPR3 construct specifically stimulates MK degranulation in response
to triggering by CD19 positive BIAB cells. Given that platelets are cvtoplasmic 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 agonists that have not had their cognate receptors deleted, it is
expectad that CPR3 expression within a 7xKG line should trigger its degranuiation upon mixing
with CD19 positive cells. Given the swappabie 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 to trigger MK

degranulation on target engagement.

Example 7 - Testing of iPSC Knock-out lines designed for non-thrombogenic activity

Two different iPSC cell lines were generated, each having three gene knockouts:

Clone 11 iTGAZ2L KO, PARL KO, HPS1 KO
Clone 2: iTGAZ2b KO, P2Y12 KO, HPS1 KO

Each clone has been designed to become phenotypically defective in 3 key processes involvad in

thrombogenesis.,

s Inactivation of iTGA2b inactivates the GPIIb/Itia receptor which is essential for raecognition
aof stimuli {(fibrinogan) resulting in the exposure of basement membrane under the

damaged endothelium

e Inactivation of PAR1 or P2Y12 inactivates the receptors for thrombin and ADP,
respectively. These agonists are platelet-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 platelets prevents normal, wild-type platelet
recruitrment 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 § for
each gene. Megakaryvocytes and platelets derived from these IPSC KO lines are described as
“chassis” platelets or megakaryocyte. Where an experiment describes the use of a chassis
platelet, a chassis megakaryocyte could be substituted.

Below are described a set of experiments (in vitro and in vivo) designed to demonstrate the
absence of thrombogenic activity in engineered 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 18). Thease knock-out pools have been differentiated using
a forward programming 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 platelets do not respond to primary/major platelet

activation stimuli in vitro

Flow chambers coated with either collagen or fibrinogen repraesent 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 outcome 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.

B. 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 dose-escalating platelet mediators
(thrombin, ADP) and platelet activation status is measurad 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 osutcome in this assay is a reduction
in and/or absance of activation in chassis platelets. In a control experiment, the capacity for
platelet activation (independently of receptor PARL/P2Y12 activation) is confirmed by treatment
of platelets with rhodocytin or podoplanin. These two moleculas signal through the platelet Clec2
receptor, which is not a vital receptor for platelet mediated haemostasis, and as such can bea left

intact on the chassis.

C. Demonstration that chassis platelets do not respond o 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
physiclogically relevant conditions. This assay is run in flow chambers, coated with fibrinogen or
collagen, 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 platelats {e.q. 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 micrgscopy 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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B. Demonstration that chassis platelets do not contribuie {0 thrombus formation in
Yive

The objective of this experiment is to test the phenotypic performance of chassis platelets in an

in vivo 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
endogenous mouse platelets using a mouse specific anti-CD41 antibody is included to ensure lack
of contaminating effect by endogenous platelets. Labelied 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, (ii) 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
« Engineered platelets are not part of the growing thrombus
o Ifengineered platelets do become part of the thrombus, they are not activated (as assayed

ex vivo on thrombus removal).

E. Demonstration that chassis piatelets do not impact normal hemostatic capacity

As above, this experiment involves the use of NSG mice and a mouse platelet depletion technique
{e.qg. infusion with murine CD42 binding monoclonal antibody). Here mice are inoculated with
various proportions of chassis platelets and donor platelets. The mouse tail is nickad and the time
until the mouse stops bleeding is assayead.

A positive result in this experiment is the following:
« Infusion of donor platelets prevents bleading within a short time frame
« Infusion of engineered platelets does not prevent bleeding or prevents bleeding less than
donor platelets
e Infusion of engineerad platelets in the presence of donor platelets does not impact
bleeding time vs. donor platelets alone at the same concentration



2. Testing of B2M Knock-out line designed for reduction of alio-immunity

As described above (see 1.1 Disruption of expression Beta 2 microgilobulin (H2M} disruption of
the B2M gene is expected to be advantagecus in some situations. B2M knockout does 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 $2M knockout, flow cytometry is used to assess absence of $2M and HLA,
where the specific HLA expressad on our cells has been determined by genotyping. Antibodies
targeted against the specific HLA of our cells, and against B2M, are used to characterise the
absence of these proteins after a3 knockout {Stem Cell Reports 14:49-59).

Characterising reduction of HLA activity is performed by assessing complement dependent
cyvtotoxicity, and antibody-mediated celiular 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 MKs,
Alternatively, an antibody-dependent cellular cytotoxicity kit is used with specific antibodies
targeted against the HLA of our iPSC. 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 TGFR 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 o the latency-associated peptide (LAP) and is thereby prevented
from binding to the TGF-beta receptor. Upon degranulation, activated platelets dramatically
upregulate GARP and convert bound LTGFR into the mature TGFB. It has been shown that platelet-
specific deletion of GARP blunted TGFB activity in the tumour microenvironment and boosted

- 152 -



protactive immunity against pre-established cancers {(Matalli, A, ef 3/, (2017} J Immunof 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 a 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
platelats, with successful KO characterised by a reduction of TGFB binding. Binding of TGFbeta 1o
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 GARP reduces TGFbeta binding capacity, thus reducing the inhibition observed from

platelets.

4. Testing of exosomal RNA targeting

Platelet alpha-granules contain exosomes. Exosomes are small vesicles, ~50-200nm in size, and

can contain nudcieic acids as carge. Exosome producing celis 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 rasident protein {(BASPL) fused to L7Ae was
confirmed in megakaryocytes (Figure 23B. To show RNA co-localisation, two different RNA
constructs are tested — one featuring a set of hairpins and one not featuring hairpins. Localisation
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of the RNA is confirmed by RNA FISH, where co-iocalisation of hairpin containing RNA o the
fluprescently labelied BASPL-L7Ae protein occurs.

Minimal BASPE mCherry L7Ac [SEQ D NG 118]
MGGKLSKKKGGIGGGSGEGSGVSKGEAVIKEFMRFKYHMEGSNMINGHEFEIEGEGEGRPYEGTQTAKLKVTK
GGPLPFS\WDIHSPOFMYGSRAFTKHPADIPDYYKQSFPEGFKWERVMNFEDGGAVTVTQDTSLEDGTLIVRVK
LRGTNFPPDGPYMOKKTMGWEASTERLYPEDGVILKGDIKMALRLKDGGRYLADFKTTYKAKKPVQMPGAY
NVDRKLDITSHNEDYTVYVEQYERSEGRHETGGMDELYKGGSGGGSGGGSGMYVRFEVPEDMONEALSLLERKY
RESGKVKKGTNETTKAVERGLAKLVYIAEDVDPPEIVAHLPLLCEEKNVPYIYVKSKNDLGRAVGIEVPCASAAIINE
GELRKELGSLVEKIKGLOK

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)Y, which drives alpha-granule exocytosis (otherwise referred to as
degranulation). Exosomes are collected through either commercially available kits or
centrifugation based approaches. RNA | extracted from the exosomes, and is assaved by qPCR
for the presence or absence of exogenous RNA. As negative controls, untargeted (i.e. hairpin
negative) RNA | 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
megakaryocyie and platelet alpha-granules, and the ability of platelets and megakaryocvtes to
conditionally release thease loaded exosomes in response to some agonist single.

To demonstrate the ability of these lcaded exosomes to drive gene expression in some nearby
cell, the RNA loaded by our hairpin targeting approach features a reporter gene ORF (e.g. 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
megakaryocyte alpha-granules. By performing flow cviometric 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



appropriately targeted to the megakaryocyte or platelet exosome compartment, and only upon
activation of the platelet or megakaryocyte,

5. Antigen specific T celi 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 containing synlets to antigen specific T Cells, To test
this hypothesis, proof of concept peptide-MHC-BZM-CAR constructs (MHC-CAR) were engineered,
targeting MARTL and NY-ESO-1 in the context HLA-A*(2. Different variants were generated,

utilising distinct transmembrane domain regions and internal signalling regions.

MART1_B2M_ HLA-A®0201_FCERG-TM_FCERG-CYTO [SEQ 1D NO: 104]
MIPAVVLLLLLLVEGARAALLAGIGILTVGLGGSGGGESGEEESIGRTPKIQVYSRHPAENGKSNFLNCYVSGEHP

SRIEVDLLKNGERIEKYVEHSDLSFSKDWSEY LYY TEFT PTEKDEYACRYNHVTLSOPKIVEWDRDMGGGGSGGE

GSGGGGSGEGGAGSHIMRYFFTSVSRPGRGEPRFIAVGYVDDTOFVREDSDAASQORMEPRAPWIEQEGPEYW

DGETRRVKAHSQTHRVDLGTIRGCYNQSEAGSHTVORMYGCDVGSDWRILRGYHOYAYDGKDYIALKEDLRS

WTAADMAAQT TRHKWEAAHVAEQLRAYLEGTCVEWLRRYLENGKETLQRTDAPKTHMTHHAVSDHEATLRC

WALSEYPAEITETWORDGEDOTADTELVETRPAGDGTFORKWAAVYVPSGQEQRYTCHVOHEGLPKPLTLRWE

PSP T P GEPOLCYILDAILFLY GIVETLLY CRLKIQVRKAAI TS YEKSDGYYTGLS TRNQETYETLKHEKPPG

FCERG Signal Peptide
MART1 peptide antigen
GCGGS{G45)2 Linker
B2M

{G45}4 Linker
HLA-A*0201

FCERG-TM
FCERG-CYTO



MART1 B2M HLA-A*0201 FCGR2A-TM FCGRZA-CYTO [SEQ ID NO: 105]

MIPAVVLLLLLLVEQAAALLAGIGILTVGCGGSGGGGESGGGEESIQRTEKIQVYSRHPAENGKSNELNCYVSGEHP

SPDIEVDLLKNGERIEKVEHSDLSFSKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSOPKIVEWDRDMGEGGSGGE

GSGGGGSGGGGAGSHIMRYFFTSVSRPGRGEPRFIAVGYVDDTOFVREDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVIAHSQTHRVDLGTLRGCYNQSEAGSHTVARMYGCDVGSDWRFLRGYHQYAYDGKDYIALKEDLRS

WTAADMAAQT TRHKWEAAHVAEQLRAYLEGTCVEWLRRYLENGKETLQRTDAPKTHMTHHAVSDHEATLRC

WALSEYPAEITLTWORDGEDGTADTELVETRPAGDGTFOKWAAVYVPSGQEQRYTCHVOHEGLPKPLTLRWE

PSSOPTIPISSPMGHVAVVIATAVAAIVAAVVALIYCRKKRISANSTRPVYKAAGFEPPGROMIAIRKROLEETNN

DYETADGGYNITINPRAPTDDDKNIYLTIPEPNDHVNSNN

FCERG Signal Peptide
MART1 peptide antigen
GCGGS{G4S)2 Linker
B2M

{G45)4 Linker
HILA-A*0201
FCGR2ZA-TM
FCGRZA-CYTO

MART1 B2M HLA-A*0201 HLA-TM FCERG-CYTO [SEQID NO: 106]

MIPAVVILLLILVEQAAAELAGIGILTVGLGGSGGGEGESGGGESIORTPRICVYSRHPAENGKSNFLNCYYSGEHE

SDIEYDLLKNGERIEKYEHSDLSESKDWSEYLLYYTEFTPTEKDEYACRYNHYTLSQPKIVKWBRDMGGGGSGEGG

GEGGEGESGEOGSGSHIMRYFFTSVSRPGRGEPRFIAVGYVDDTQFVRIFDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVKAHSQTHRVDLGTLRGCYNQSEAGSHTVORMYGCDVGSDWRELRGYHOQYAYDGKDYIALKEDLRS

WTAADMAAQTTKHIKWEAAHVAEQLRAYLEGTCVEWILRRYLENGKETLORTDAPKTHMTHHAVSDHEATLRC

WALSEYPAEITLTWORDGEDQTQDTELVETRPAGD GTFOKWAAVYVPSGREQRYTCHYQHEGLPKPLTIRWE

PSSQPTIPIVGHAGLYLFGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTQAASSDSAQGSDVSLTACKVRL

KIQVRKAAITSYEKSDGVYTGLSTRNGQETYETLKHEKPRPG

FCERG Signal Peptide



MARTI1 peptide antigen
GCGGS{G45)2 Linker
B2M

{G48)M Linker
HLA-A*0201
HLA-A*0201-TM

FCERG-CYTO

MARTL B2M HLA-A*0201 HLA-TM FCGR2ZA-CYTO [SEQIB NO: 107]

MIPAYVILLLLIVEQAAALLAGIGILTVGCGGSGGGESGGEESIORTPKIQVYSRHPAENGKSNFINCYYSGEHP
SDIEVDLLKNGERIEKVEHSDLSF SKDWSEYLLYYTEFT PTEKDEYACRYNHVTLSOPKIVKWDRDMGGGGSGGE

GSGGGGSGGGGSGSHIMBYFFTSVSRPGRGEPRFIAVGYVDDTOFVREDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVIAHSOTHRVDLGTLRGCYNQSEAGSHTVORMYGCDVGSDWRFLRGYHOQYAYDGKDYIALKEDLRS

WTAADMAAQTTRHKWEAAHVAEQLRAYLEGTCVEWLRRYLENGKETLQRTDAPKTHMTHHAVSDHEATLRC

WALSEYPAEITETWORDGEDOTADTELVETRPAGDGTFORWAAVYVPSGQEQRYTCHVOHEGEPKPLTLRWE

PSSQPTIPINGHAGLVIFGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTOAASSDSAQGSBYSLTACKVC

REKRISANSTDPVKAAQFEPPGRONIAIRKRQLEETNNDYETADGGYMTLNPRAPTRDDDKNIYLTIPPNDHY

MSNN

FCERG Signal Pegtide
MART1 peptide antigen
GCGGS{G4S)2 Linker
B2M

{G45)4 Linker
HLA-A*D201
HLA-AY0201-TM

FCGR2A-CYTO

NYESO1 B2M HLA-A*Q201 FCERG-TM FCERG-CYTQ [SEQID NG: 108]

h
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MIPAVVLLLLLLVEGARAASLIMWITQCGCGGESGEGEESGEEGESICRTPKICQVYSRHPAENGKINFLNCYVSGRHP

SDIEVDLLKNGERIEKVEHSDLSESKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSQPKIVEKWDRDMGGGGSGGG

GSGGGGSGGGGEGSHIMRYFFTSYSRPGRGEPRFIAVGYVDDTOFVREDSDAASQRMEPRAPWIEQEGREYW

DGETRRKVKAHSQTHRVDLGTIRGCYNQSEAGSHTVORMYGCDYGSDWRILRGYHOQYAYDGKDYIALKEDLRS

WTAADMAAQTTKHKWEAAHVALEQLRAYLEGTCVEWLRRYLENGKETLORTDAPKTHMTHHAVSDHEATLRC

WALSEYPAEITETWORDGEDCTADTELVETRPAGDGTFORWAAVYVESGQEQRYTCHVOHEGLPKPLTLRWE

PSP T P GE PO YL DAL P Y GIVE T LY CRIKIQVRKAAI T SYEK S DGYYTGLSTRNQETYETLKHEKPPG

FCERG Signal Peptide
NY-ESO-1 peptide antigen
GCGGS{G45)2 Linker
B2M

{G45)4 Linker
HLA-A*0201

FCERG-TM

FCERG-CYTO

NYESO1 BZM HLA-A™0201 FCGR2A-TM FCGR2A-CYTO [SEQID NO: 109}

MIPAYVILLLLEVEQAAASLIMWITOQCGCGGESGGEGESGGEESIQRTPKIQVYSRHPAENGKSNFLNCYYSGEHP

SDIEVDLLKNGERIEKVEHSDLSFSKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSOPKIVKWDRDMGGGGSGGE

GSGGGGSGGGGSGSHSMRYFFTSVSRPGRGEPRFIAVGYVDDTOQFVREDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVEKAHSOTHRYDLGTIRGCYNOSEAGSHTVORMYGCOVGSDWRELRGYHOYAYDGKDYIALKEDLRS

WTAADMAAQTTRHKWEAAHVALQLRAYLEGTCVEWLRRYLENGKETLQRTDAPKTHMTHHAVSDHEATLRC

WALSEYPAEITLTWORDGEDQTAQDTELVETRPAGDGTFQKWAAVVYVPSGQEQRYTCHVOHEGLPKPLTLRWE

PSSOPTIPISSPMGHVAVVIATAVAAIVAAVVALIYCRKKRISANSTRPVYKAAGFEPPGROMIAIRKROLEETNN

DYETADGGYNITINPRAPTDDDKNIYLTIPEPNDHVNSNN

FCERG Signal Peptide
NY-ESO-1 peptide antigen
GCGGS{G4S)2 Linker
B2M



{G45)4 Linker
HLA-A*0201
FCGRZA-TM
FCGR2A-CYTO

NYESOL B2M  HLA-AT0201 HEA-TM FCERG-CYTO [SEQID NO: 1101

MIPAVVLLLLELVEQAAASLLMWITOQCGCGESGGGESGEGGESIGRTPKIQVYSRHPAENGKINFLNCYVSGFHP

SDIEVDLLKNGERIEKYEHSDLSESKDWSEFYLLYY TEFTPTEKDEYACRYNHYTLSQPKIVKWBRDMGGGGSGGG

GSGGGGSGGGGSGSHIMRYEFTSVSRPGRGEPRFIAVGYVYDDTOFVREDSDAASQRMEPRAPWIEQEGPEYW

DGETRRVKAHSQTHRVOLGTIRGCYNQSEAGSHTVARMYGCDVGSDWRFLRGYHQYAYDGKDYIALKEDLRS

WTAADMAAQT TKHKWEAAHVALEQLRAYLEGTCVEWILRRYLENGKETLORTDAPKTHMTHHAVSDHEATLRC

WALSFYPAEITLTWORDGEDOTQDTELVETRPAGDGTFOKWAAVVVPSGQEQRYTCHYVQHEGLPKPLTLRWE
PSSOPTIPNGHAGLVELFGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTOAASSDSAQGSDVSLTACKVRL

KIQVRKAAITSYERSDGVYTGLSTRNGQETYETLKHEKPRPG

FCERG Signal Peptide
NY-ESO-1 peptide antigen
GCGGS{G45)2 Linker
B2M

{G45)4 Linker
HLA-A*0201
HLA-A*0201-TM

FCERG-CYTO

NYESO1 B2M HLA-A™0201 HLA-TM FCGR2A-CYTO [SEQID NO: 111]

MIPAYVVILLLLEVEQAAASLIMWITOQCGCGGESGGGESGEEESQRTPKIQVYSRHPAENGKSNFLNCYYSGEHP

SDIEVDLLKNGERIEKVEHSDLSFSKDWSEYLLYYTEFTPTEKDEYACRYNHVTLSOPKIVKWDRDMGGGGSGGE

GSGGGGSGGGGSGSHSMRYFFTSVSRPGRGEPRFIAVGYVDDTOQFVREDSDAASQRMEPRAPWIEQEGPEYW

DGETRKVEKAHSOTHRYDLGTIRGCYNOSEAGSHTVORMYGCOVGSDWRELRGYHOYAYDGKDYIALKEDLRS

WTAADMAAQTTRHKWEAAHVAEQLRAYLEGTCVEWLRRYLENGKETLQRTDAPKTHMTHHAVSDHEATLRC
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WALSFYPAEITLTWORDGEDQTADTELVETRPAGDGTFOKWAAVYVPSGQEQRYTCHVOHEGLPKPLTLRWE

PSSOPTIPINVGHAGLVIFGAVITGAVVAAVMWRRKSSGGEGVKDRKGGSYTOAASSDSAQGSDVSLTACKVE

REKRISANSTDPVKAAQFEPPGROMIAIRKRQLEETNNDYETADGGYMTINPRAPTDDDKNIVLTLPENDHY

MNSNN

FCERG Signal Peptide
NY-ESO-1 peptide antigen
GCGGS{G45)2 Linker
B2ZM

{G4S8)4 Linker
HLA-A*0201
HLA-A*0201-TM
FCGR2A-CYTO

To initially assay for expression of the MHC-CARs, they are inserted into B2M KO iPSC and MK
ceif 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 peptide~-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 maegakaryocytes expressing
MHC-CAR. Platelet activation is assayed 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 measuread 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 to stimulate TCR expressing T cell activation status (through e.g. ELISA based
measurement of T cell ¢ytokine 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]1-
[353] of PCT/GR2020/053247 which is hereby incorporated by reference.

The invention alse provides the following embodiments presented as numbered paragraphs.

1. A chimeric platelet receptor (CPR) wherein the receptor comprises:

a) an intraceliular 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
endogenous to a subjact, optionally 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 is 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 wherein when the CPR is present in
a platelet membrane, after binding of the target to the target binding domain the platsiet
rmodulation domain is activated.

6. The CPR according to any the preceding paragraphs wherein when the CPR is present in

a platelet plasma membrane, after binding of the target binding domain £o the target the CPRs
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cluster on the surface of the platelet plasma membrane, 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% seaquence identity to a human target binding

domain sequence.

3. 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 sequenca from a mouse,

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 2 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 target tissusa
or call is a cancer tissue or cell; and/or

<) an autoimmune B call.

15. The CPR according to any of the preceding paragraphs wherein the target binding domain
comprises at least one of:
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a) FCERG EC domain, CLECL EC domain FCGR2 EC domain, GPVIA EC domain, CEACAM1
EC domain, Geb-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% sequencsa
identity to a FCERG EC domain, CLECI EC domain, FCGRZ2 EC domain, GPVIA EC domain,
CEACAM1 EC domain, G6b-B EC domain, LILRBZ EC domain, PECAML 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 {o 49 of
PCT/GB2020/053247 which is hereby incorporated by reference.

16, The CPR according to any of the preceding paragraphs wherein the target binding domain
comprises a paptide associated with autcimmunity, optionally:

a peptide or portion of any one or more of the following proteins: MOG, GADE5, 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, Betal2-GPI, ITGB2, G-CSF, GP IIb/Ila, COLII, FBG beta alpha, MPO, CYO, PRTN3, TGM,
COLVII, COIL, DSGL, DSG3, SOX10, 70SNRNPY0, SAG and a3(IVINCL 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, GADGE5, MAG, PMP22,
TRO, VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GADZ, ARMCY, CYP21A2, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor XIII,
Beta2-GPI, ITGR2, G-CSF, GP IIb/lla, COLII, FBG beta alpha, MPO, CYO, PRTN3, TGM, COLVII,
COIL, DSG1, DSGE3, SOX10, 70SNRNP70, SAG and a3{(IVINCL collagen.

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 a 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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18.

i9.

<) only prasented during one or more disease states, optionally the target is a necantigen
that arises in a tumour cell;

d) only present in significant armounts 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 morea disease states;

&} an antigen, optionally a tumour necantigen or a tumour specific antigen;

f) CD19;

g) a cytokine receptor;

h} not collagen;

i} an artificial or exogenous target;

1) a designer drug;

k} a drug that has been designed using DREADD;

i} a protein selected from Table 2 on pages 23-31L ot PCT/GB2020/053247 which is hereby
incorporated by reference;

mY CD276; and/or

ny ILZ, KLK, amyioid, a Notch receptor and/or OLRL.

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

¢) comprises a kappa light chain or a fragment thereof targeting.

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%, 90%,

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 preseant 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 platelst;

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

d) results in the release of extracellular vesiclas via blebbing from the plasma membrane;
and/or

&} rasults 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 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,

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 platelst activation domain is activated, the
platelet inhibition of activation domain;:

a) prevents degranulation of the platelet;

b) prevents the releasa of contents from the platelet;

¢y prevents the presence of intracellular contents on the plasma membrane of the platelet;

d) prevents the release of extracellular vesiclas via blebbing from the plasma membrane;

and/or

&) prevents 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 degranulation triggering domain.

26. The CPR according to any of the preceding paragraphs wherein the platelet modulation

domain comprises a human modulation domain sequence.
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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

mousea.

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
meagakaryocyte 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 tvrosing 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 IIa (FCgRZA), high affinity immunogiobulin epsilon receptor subunit gamma (FCERG),
C-Type lectin domain family 1 (CLECL), or Fc fragment of IgG receptor II (FCGR2).

3Q0. The CPR according to any of the preceding paragraphs wherein when the CPR is localised
to a platelet plasma membrane, after binding of the target to the target binding domain, the
platelet modulation domain triggers degranulation of the platelet.

31. The CPR according to any the preceding paragraphs wherein 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 (GPVI), C-type lectinlike receptor 2 (CLEC-2), F¢ Fragment of 1gG Receptor Ha
{FCgR2A}, high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 (CLECLY, or F¢ fragment of 1gG recaptor 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, optionally a platelet ITAM comprising domain,
optionally has at least 75%, B0%, 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
(CLECL), or F¢ 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 platelet
degranulation and comprises one or more ITIM motifs, optionally wherein the one or more ITIM
rmotifs is an ITIM motif from PECAM1, TLT1, LILRB2, CEACAML 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

PECAML 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 to the native modulation domain sequence increases the sensitivity
of the CPR relative to a CPR that comprises a platelet modulation domain that does not comprise

the one 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% sequence identity to

a naturally occurring platelet modulation domain.

37. The CPR according to anv the preceding paragraphs 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
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

- 167 -



optionally wherein the linker comprises or consists of the linkers or portions theresof as set
out on page 51 of PCT/GB2020/053247 which is hereby incorporated by refergnce.

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 ftransmembrane domains or portions thereof as set out on page 49-50 of
PCT/GBZ020/053247 which is hereby incorporated by reference,

39, The CPR according to any the preceding paragraphs wherein the CPR comprises an
intraceliular domain that comprises or consists of the intracellular domains or a portion thereof
as set out on page 50 and 51 of PCT/GBZ020/053247 which is hereby incorporated by references.

40, The CPR according to any the preceding paragraphs 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 incorperated by reference.

41, A universal chimeric platelet receptor wherein the recaeptor comprises:

a) an intraceliular 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, optionally

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 heterclogous 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.

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 peptide to the universal CPR in the absence
of simuBtanegus 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 targeting
peptide is a soluble peptide.

47. The Universal CPR of any of the preceding paragraphs wherein the heterologous tag

binding domain comprises a leucine zipper.

48, A complex comprising the universal CPR according to any 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 targeting peptide via the heterclogous tag binding

domain.

49, The tagged targeting 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 subjact, 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 where the complex is located
in the platelet plasma membraneg binding of the complex to the target activates the platelst

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 farget 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 seguence.
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54, The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50 or 53 or 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 sequence; 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 theraof that binds specifically to said target.

56. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, or 53-55
S540r 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 scFVv.

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,

neoantigen 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 call.

&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 comprisas
at least one of:

a) FCERG EC domain, CLECL EC domain, FCGR2Z EC domain, GPVIA EC domain, CEACAM1L
EC domain, G6b-B EC domain, LILRBZ EC domain, PECAM1 EC domain and/or TLTL EC domain



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,
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%, 96Y%, 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, GADGS, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GAD2Z, ARMCS, CYP21A2, CASR, NASP,
insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K ATP-ase, Factor
X1, Beta2-GPI, ITGB2, G-CSF, GP IIb/lla, COLIL, FBG beta alpha, MPO, CYD, PRTN3, TGM,
COLVII, COIL, DSGL, DSG3, SOX10, 705NRNP70, SAG and a3{IVINC1L coliagen; or

a peptide or portion that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity o any one or more of the following proteins: MOG, GADBS, MAG, PMP22,
TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GADZ, ARMC9, CYP21A2, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYPZDE, LF, TTG, H/K ATP-ase, Factor XIII,
Beta2-GPI, ITGB2, G-CSF, GP IIb/Ila, COLII, FBG beta alpha, MPO, CYD, PRTN3, TGM, COLVII,
COIL, DSGL, DSGS, SOX10, 705NRNP70, SAG and a3{IVINCI collagen.

6. The tagged targeting peptide according to any of paragraphs 42, 43, 49, 50, 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 a particular location of a subject;

b) present on tissue, or on a particular subset of tissue, or in plasma or blood of a subject,
aoptional in a human subject optionally in the blood;



63.

<) only presented during one or more disease states, optionally the target is a neocantigen
that arises in a tumour cell;

d) only present in significant armounts 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 morea disease states;

&} an antigen, optionally a tumour necantigen or a tumour specific antigen;

f) CD19;

g) a cytokine receptor;

h} not collagen;

i} an artificial or exogenous target;

1) a designer drug;

k} a drug that has been designed using DREADD;

i} a protein selected from Table 2 on pages 23-31L ot PCT/GB2020/053247 which is hereby
incorporated by reference;

mY CD276; and/or

ny ILZ, KLK, amyloid, a Notch receptor and/or OLR1.

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

¢y comprisas 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 comprisas

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 platelat 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%, 94%, 96%, 98% or 100%
sequence identity to an ITAM comprising domain, optionally a platelet ITAM comprising domain.



66. The universal CPR according to any of paragraphs 41, 44-47 and 65, or the complex
according to any of paragraphs 48-65 wherein the platelet modulation domain is a platelet
activation domain, optionally wherein the piatelet 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 platelat;

¢y results in the presence of intraceliular contents on the plasma membrane of the platelet;

d) results in the release of extracellular vesicles via blebbing from the plasma membrane;

and/or

&) resuits in a change of shape of the platelet from a biconcave disk to 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 activation 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
feast 75%, 80%, 85%, 90%, 92%, 94%, B6%, 98% or 100% seguence identity to an ITIM

comprising domain.

7C. The universal CPR according to any of paragraphs 41, 44-47, and 65-69, or the complex
according to any of paragraphs 48-69 wherein when the universal CPR or complex is prasent 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 intraceliular contents on the plasma membrane of the platelet;



d) prevents the release of extracellular vesicles via bilebbing 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-

human modulation domain sequence, optionally a sequence from a moussa,

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 whersin 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 moduiation domain is endogenous to an iPSC, a megakaryocyte

or a platelet.

74. The universal CPR according to any of paragraphs 41, 44-47, and £€5-73, or the complex
according to any of paragraphs 48-73 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), F¢ Fragment of IgG Receptor 1la (FCgRZ2A}, high
affinity immunoglobulin epsiion receptor subunit gamma {(FCERG), C-Type lectin domain family 1
(CLECL), or Fe fragment of IgG receptor 1T (FCGR2Y,

75. The universal CPR according to any of paragraphs 41, 44-47, and £5-74, or the complex
according to any of paragraphs 48-74 wherein when the universal CPR or complex is localised to
a platelet plasma membrane, upon binding of the target to the target binding domain the platelat
modulation domain triggers degranulation of the platelet.

76. The universal CPR according to any of paragraphs 41, 44-47, and 6€5-75, or the complex
according to any of paragraphs 48-75 wherein the platelet modulation domain is a platelet

degranulation triggering domain and comprises:



ane or more domains from an immunoraceptor tyrosing based activation motif (ITAM)
receptor, optionally comprises one or more domains, portions or fragments theresf 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 lactin
domain family 1 {CLECL}, or Fc fragment of IgG receptor 1T (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, optionally a platelet ITAM comprising domain,
optionally has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% seguence identity
to one or more domains, portions or fragments thereof from Glycoprotein VI (GPVI), C-type
fectinlike receptor 2 (CLEC-2), F¢ Fragment of IgG Receptor Ila (FCgRZ2A), high affinity
immunogliobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLECL), or Fe fragment of IgG receptor 1T (FCGR2Y,

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 comprisas one or more ITIM motifs, optionally
whearein the one or more ITIM motifs is an ITIM motif from PECAML, TLTL, LILRBZ, CEACAMI1 or
Gob-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

PECAML 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
incorporatad by referance.

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 delstions ralative to the native platelet modulation domain

sequendce.

79. The universal CPR according to paragraph 78 or the complex according to paragraph 78
wherein the one or more mutations, insertions or deletions relative to the native modulation
domain seguernce increases the sensitivity of the universal CPR or compilex 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 comprisa the one or

more mutations.

8Q. The universal CPR according to paragraph 78 or complex according to paragraph 78
wherein the one or more mutations, insertions or delstions relative to the native modulation
domain sequence decreases the sensitivity of the universal CPR or complex of universal CPR and
taqoed 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.,

81i. The universal CPR 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%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a naturally occurring
platelet modulation domain.

82. The universal 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
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 s&t cut on
page 51 of PCT/GBZ020/053247 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 thereof 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 43-83 wherein the CPR comprises an intraceliular 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.
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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 selb ocut on pages 41-63 of PCT/GB2020/053247 which is hereby incorporated by

reference,

86. A synthetic antigen presenting receptor (SAPR) comprising a heterclogous target binding
domain wherein the target binding domain comprises:

a) an extraceliular 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% segquence 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 feast 75%, B0%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a
human MHC-2 protein or fragment thereof; and

b) an intraceliular 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%, 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%, 84%, 96%, 98% or 100% seguence 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 extracelular domain comprises:

heterologous target binding domain comprises:

a) the MHC-1 protein or fragment thereof, or a protein or fragment thereof that has at
feast 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%,

]
U
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96%, 98% or 100% sequence identity to & 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
feast 75%, 80%, 85%, 90%, 92%, 94%, 96%, 88% or 100% sequence identity to a3 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 a 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 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;

ity a seqguence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or
100% sequence identity to the antigenic peptidas listed in Table F on page 206-207; Table
G on page 208; Table H on page 208-209; Table I on page 200-211; 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 333-234; 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
ity 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
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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, GADGES, MAG, PMP22, TRQO,
VGKC, PLP, AChR, TRIB2Z, NMDA, GluR, GADZ, ARMCY, CYP21AZ, CASR, NASP, insulin,
TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2DG, LF, TTG, H/K ATP-ase, Factor
KIII, Beta2-GPI, ITGRZ, G-CSF, GP IIb/lla, COLII, FBG beta alpha, MPO, CYO, PRTN3,
TGM, COLVII, COIL, DSGL, DEG3, SOX10, 70SNRNP70, SAG and a3({IVINC1 collagen; or

it} a seqguence that has at least 75%, 80%, 85%, 80%, 92%, 84%, 96%, 98% or
100% sequence identity to any one or more of the following proteins: MOG, GADG5, MAG,
PMP22, TPO, VGKC, PLP, AChR, TRIBZ, NMDA, GiluR, GAD2, ARMCS, CYP21AZ, CASR,
NASP, insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF, TTG, H/K
ATP-ase, Factor XIII, Betal-GPI, ITGB2, G-CSF, GP IIb/Ila, COLIL, FBG beta alpha, MPO,
CYQ, PRTN3, TGM, COLVII, COIL, DSGYL, DSG3, 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 86-89 wherein the extracellular domain

comprises a human target binding domain seguence.

91. The SAPR according to any of paragraphs 86-90 wherein the extraceliular 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 wheregin 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%, 90%, 92%, S94%,
96%, 98% or 100% sequence identity to an ITAM comprising domain, optionally a platelet ITAM

comprising domain.



a3. The SAPR according to any of paragraphs 86-92 wherein the platelet modulation domain
is a platelet activation domain, optionally wherein the platelet activation domain is a
degranulation triggering domain,

94, The SAPR of any of the paragraphs 86-83 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 platelat;

¢y 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

&) resuits in a change of shape of the platelet from a biconcave disk to fully spread cell

fragments.

95, The SAPR of any of paragraphs 86-94 wherein the platelet activation domain is a platelet
degranulation triggering domain.

96. The SAPR according to any paragraphs 86-95 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%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to
an ITIM comprising domain.

97. 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 membrane of the platelet;

d) prevents the release of extracellular 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.
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98, The SAPR of any of paragraphs 86-97 wherein the platelet activation domain is g piatelet
degranulation triggering domain.

99, The SAPR according to any of paragraphs 86-98 wherein the platelet modulation domain

comprises a human modulation domain segueance.

100. The SAPR according to any of paragraphs 86-99 wherein the platelet moduiation domain

comprises a non-human meodulation domain sequence, optionally a sequence from a mouse.

101. The SAPR according to any of paragraphs 86-100 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, a megakaryocyte
or & platelet.

102, The SAPR according to any of paragraphs 86-101 wherein the platelet modulation domain
does not comprise domains from an immunorecepior 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 Ila
(FCgR2A), high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 (CLECL), or F¢ fragment of IgG receptor 11 (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 fo 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 immunoreceptor tyrosine based activation motif (ITAM)
receptor, optionally comprises one or more domains, portions or fragments thereof from
Glycoprotein VI (GPVI), C-type lectinlike receptor 2 (CLEC-2), F¢ Fragment of 1gG Receptor Ha
{(FCgR2A), high affinity immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin
domain family 1 {CLECL), or F¢ fragment of IgG receptor 1T (FCGR2Y; or

a domain that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequeance 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% seguence identity
to one or more domains, portions or fragments thereof from Glycoprotein VI (GPVI), C-type
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lectinlike receptor 2 {CLEC-2), Fc¢ Fragment of IgG Receptor IIa (FCgRZA), high affinity
immunoglobulin epsilon receptor subunit gamma (FCERG), C-Type lectin domain family 1
(CLEC1), or Fc fragment of IgG receptor II (FCGRZ).

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 degranuiation and
comprises one or more ITIM motifs, optionally wherein the one or more ITIM motifs is an ITIM
motif from PECAML, TLT1, LILRB2, CEACAMIL or G&b-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
incarporated by reference

PECAML is SEQ ID NO: 38 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by referance

CEACAMY is SEGQ ID NO: 24 shown in Table 5 on page 44 of PCT/GB2020/053247 which is hereby
incorporated by reference.

106. The SAPR according to any of paragraphs 86-105 wherein the platelet modulation domain
comprises one or more mutations, insertions or deletions relative 1o a native platelet modulation

domain sequence.

107. The SAPR according to any of paragraphs 86-106 wherein the one or more mutations,
insertions or deletions relative to 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 modulation domain sequence decreases the
sensitivity of the SAPR relative to a SAPR that comprises a plateiet modulation domain that does

not comprise the one or more mutations.
109, The SAPR according to any of paragraphs 86-108 wherein the platelet moduiation domain
comprises at least 75%, 8C%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to

a naturally occurring platelet 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 g portion of the seguences set outl 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/GRB2020/053247 which is hereby incorporated by reference; and/or
optionally wherein the linker comprises or consists of the linkers or portions theareof 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 ftransmembrane domains or portions thereof as set out on page 49-50 of
PCT/GB2020/053247 which is hereby incorporated by reference.

112, The SAPR according to any of paragraphs 86-111 wherein the SAPR comprises an
intracaliular 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.

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 protease recognition site results in:

ay degranulation of the platelet;

b} the release of contents from the platsiet;

<) the presence of intracellular 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 2 biconcave disk to fully spread cell fragments.

116. The ePAR of paragraph 1132 or 115 wherein 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

intracetiular signalling.
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117, The ePAR of any of paragraphs 113-115 wherein the protease recognition site is
engineered to be a protease recognition site for a protease found in the tumour micro-
envirgnmaent, optionally wherein the proteass recognition site for a protease found in the tumour
rmicro-environmeant is selected from the group comprising or consisting matrix metalloproteasss,

rmetallopeptidases, 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
engineersed to be a viral protease recognition site, optionally a Tobacce Etch Virus nuclear-
inclusion-a endopeptidase (TEV proteases}, NS2-3 protease of hepatitis C virus (HCV protease),
or tobacco vain mottling virus (TVMY protease).

120. The ePAR according to any of paragraphs 113-119 wherein the ePAR is a GPCR, optionally
is an enginesred PARL, PARZ, PAR3 or PAR4.

121, The ePAR according to any of paragraphs 113-120 wherein the ePAR comprises at least
75%, 80%, 85%, 80%, 92%, 94%, 96%, 98% or 100% seqguence 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 to paragraph 122 wherein the nucleic acid is RNA.

125, The nucleic acid according to any of paragraphs 122-124 wherein the nucleic acid is
operatively linked to a heterologous expression sequeance, optionally a heterclogous 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 &
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 dircular 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;
¢) one or more vectors according to the previous paragraphs that comprisas 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
ane 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 o disrupt a platelet inflammatory signaling
pathway and/or engineered to make the engineered producer or effector-chassis lass

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, angiogenasis, atherosclerosis,

lymphatic development and tumour growth.
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133. An engineered chassis, wherein the chassis has been engineered:

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 1o make the engineered 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 adaptive immune
response, inflammation, angiogenesis, atheroscierosis, iymphatic development and

tumour growth.

134. The engineered chassis of paragraph 66 wherein the 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;
¢) one or more vectors according to the previous paragraphs that comprisas 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
ar more nucleic acids according to any of the preceding paragraphs that encodes the CPR,
universal CPR, SAFR, or ePAR according to any of the preceding paragraphs.

135, The engineered chassis of any of the preceding paragraphs wherein the chassis dosas not

exprass any one or more of:

136.

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) one 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

wherain 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 (ASCLY; or cancer cell-line that is capable of
producing a producer-chassis; or other immortal cell that is capable of producing a producer-
chassis;

b} a producer-chassis, optionally is a megakaryoblast; a megakaryocyte; a
rmegakaryocyte-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 for example a MEGOL or DAMI
cancer cell line; or other immaortal cell that is capable of forming a platelet, a platelet-like
membrane-bound cell fragment or an anucleate cell fragment; or

¢} an effector-chassis, optionally is a platelet, a platelet-like membrane-bound cell

fragment or anucleate cell fragment.

137, The chassis or engineered chassis according to any of the preceding paragraphs
whearein the chassis has been modified so as to drive differentiation to a producer-chassis,
optionally drive differentiation to a megakarvocyte or a megakaryocyte-like cell, optionally has
been forward programmed to differentiate into a megakaryocyte or a megakaryocyte-like cell.

138. The chassis or engineered chassis according o 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 call fragment;
a megakaryocyte that can produce a platelet, a platelet-like membrane-bound cell fragment or
an anucleate cell fragment; or a megakaryocyte-like cell that can produce a platelet, a platelet-

fike membrane-bound cell fragment or an anucleate cell fragment,

139, 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 that is a
megakaryoblast; a8 megakaryocyte; a megakaryocvie-like cell; a cancer cell line that is capable
of forming a platelet, a platelet-like membrane-bound celi fragment or an anucleate cell fragment
for example 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 anucleate
cell fragment for example a MEGO 1 or DAMI cancer cell line; or other immortal cell that is capable
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of forming a platelet, a platelet-like membrane-bound cell fragment or an anucieate cell

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
wherain the effector-chassis or engingered 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 enginsered effector-chassis comprises TUBB1 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
whearein the effector-chassis or engineerad effector-chassis is a platelet, platelet-like membrane-
bound cell fragment, or anucieate cell fragment that doeas 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
engineered chassis is a progenitor or producer-chassis or engineerad progenitor or producer-
chassis and wherein the one or more nucleic acids are expressed from a position within the
genomic nuclaic acid of the progenitor or producer-chassis or engineered progenitor or producer-
chassis, optionally wherein

1Y 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/or a nucleic acid encoding a first CPR, universal CPR, complax of universal CPR and
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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 ¢PAR 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, SAPR, or ePAR has been intreduced 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 episomally.

145, The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis has been engineered so as to have inhibited exprassion from
the beta 2 microglobulin 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, eguine chassis or murine chassis.

147, The engineered chassis according to any of the preceding paragraphs wherein the
chassis has been engineerad o disrupt a3 platelet thrombogenic pathway.

148. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered so as to have reduced thrombogenicity relative to a chassis that has not
been engineered s0 as to have reduced thrombogenic potential, optionally wherein the
enginesred chassis has no thrombogenic potential.
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149, The engineered chassis according to any of the preceding paragraphs wherein 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

saelected 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 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;

optionally 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 {east:

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 a protein involved in recognition
of primary stimuli of thrombus formation are selected from the group consisting of:
GPIb/V/DX and GPVI (GP8), ITGA2R, CLEC2, integrins s ausbs, azxbi, asb: and aeh:,, or from
the group consisting of GPVI and ITGAZB;

the at lsast 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, Parg, P2Y12, GPIb/V/IX, the Thromboxane receptor (TBXAZR), P2Y1, P2X1 and
integrin ancbs or from the group consisting of Parl, Par4 and P2Y12; and/or

the at least one, two or three genes that encode a protein involved in the release
of secondary mediators of thrombus formation are selected from the group consisting of
Cox1, HPS and thromboxane-A synthase (TBXASL) or from the group consisting of Cox1
and HPS.

152. The engineered chassis according any of the preceding paragraphs wherein each of the

folliowing genes is disrupted or deleted:

GPVI, ITGAZB, Parl, Pard, P2Y12, Cox1 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-engineesred 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 32 microgiobulin gene has been disrupted.

156. The engineered chassis of any of the preceding paragraphs wherein the B2 microglobulin

gene has been knocked out.
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157. The engineered chassis of any of the preceding paragraphs wherein expression from the
B2 microgiobulin 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 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 allsles
of HLA-A and HLA-B have been disrupted but wherein expression from only one 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 to overexpress any one or more of HLA-G, HLA-E, CD47 and PD-L1, and
has optionally been engineered to have inhibited exprassion 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 engineered 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 genss 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 engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineersd 1o reduce inflammation, angiogenesis, atherosclerosis, lymphatic

deveiopment 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 cargo
entities which are likely to indirectly counter the biological action of an engineered cargo.

1867, The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered to downregulate 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, TLRG, TLRSG, CD40L, CD93 (ClgRp), C3aR, CHEB (ChaR), CDBS
(FouR1}, CD23 (FoeR1), CP32 (FoyRIla), MHC classi, CD181 (CCRL), CD163 (CCR3), CD194
(CCR4), CD184 (CXCR4), CX3CRL, CD102 (ICAM-2), JAM-C/JAM-3, CDG2P (P-selectin), CD31
(PECAM-1}, CD150 (SLAMF1), CCL2, CCL3, CCLS, CXCL1, CXCL12, CXCL4/FF4, CXCLE, CXCLS,
NAPZ (CXCL7), IL-1p.

169. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineerad to disrupt or inhibit expression of TGFb and/or GARPZ.

170. The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineerad to disrupt or inhibit expression of any one or more of Siglec-7, Siglec-9,
Siglec-11 and TGFR.

171, The engineered chassis according to any of the preceding paragraphs wherein the chassis
has been engineered o 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 engineerad o 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 B2 microglobulin gene, optionally to knock out the
B2 microglobulin gene;

¢) have disrupted exprassion 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 bean partially disrupted, optionally wherein expression from both
alleles of HLA-A and HLA-B have been disrupted but wherein expression from only one
aliele of HLA-C has been disrupted;

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

f) been engineered £o 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
microglobuling and/or

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

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

173, The engineered chassis according to 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 antirely disrupted but wherein exprassion of
HLA-C has been partially disrupted, optionally wherein expression from both alieles of HLA-A and
HLA-B have been disrupted but wherein expression from only one aligle of HLA-C has been
disrupted;

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

£} 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 microgiobulin gene; and/or

g} overexprass 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, atherosclerosis, lymphatic development and tumour
growth;

k) have disrupted expression of one or more geneas encoding 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;

D 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, TLR&, TLRY, CD40L, CDY3 (ClgRp), C3aR, CD8B (C5aR), CD8Y (FcuR1l}), CD23
{(FceR1), CD32 (FoyRIla), MHC classl, CD191 (CCR1), CD183 (CCR3}, CD194 (CCR4), CD184
{CXCR4), CX3CR1, CD102 (ICAM-2), JAM-C/JAM-3, CD62P (P-selectin), CD31 (PECAM-1), CD150
(SLAMFL), CCL2, CCL3, CCLS, CXCLL, CXCL12, CXCL4/PF4, CXCLE, CXCLE, 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 TGFp

s) disrupt or inhibit expression of any one or more of GPIb/V/IX and GPVI (GPG), ITGAZ2B, CLECZ2,
integrins s allbb3, a2bl, a5bl and aébl, GPVI and ITGAZB;

t) disrupt or inhibit expression of anvone or more of Parl, Par4, P2Y1Z, GPIb/V/IX, the
Thromboxane receptor (TBXAZR), P2Y1, P2X1 and integrin allbb3 or from the group consisting
of Parl, Pard and P2Y12Z;

u) disrupt or inhibit expression of anyone or more of Coxl, Cox2, HPS, prothrombin, PDGF, EGF,
von Willebrand Factor and thromboxane-A synthase (TBXAS1);

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
expressed from the BCL-3 mRNA untranslated regions, optionally S'UTR;

z} to 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 of any of the preceding paragraphs, 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 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;

- 195 -



ccy exprass at ieast 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, complexas 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, SAFPR 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 degranuiation, 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 @PAR is a platelet 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
peptides, SAPRs or ePARs of any of the preceding paragraphs that operate together to form a

fogic 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;

ili} @ cytokine for example IL-106; or

ivy @ CRIGPR associated protein, for example Cas9;

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

viy a fusion protein comprising an exosome targeting domain, optionally wherein

the fusion protein comprises:

ay) 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 Oor exosome
membrane targeting portion thereof, for example:

a tetraspanin, for example CD8&3; 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;

i) a ubiquitin tag; and/or
iv) & tag binding domain, optionally a nangbody 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 selacted from mRNA, a miRNA, shRNA, and a clusteread
reqularly interspaced short palindromic repeats {CRISPR) sequence; and/or
iidan RNA that comprises an exosome targeting domain, optionally wherein the
exosome targeting domain is selected from the group comprising or consisting of:

ay) an exosome targeting hairpin or linear motif;

b) a viral exosome targeting RNA or exosome targeting fragment thereof;
it} 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

¢y an AU 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 Lamp2b, VSVG, CD&3; and/or



i} 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

iti} a CDY-HuR fusion protein;

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

gg) to exprass 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} @ cytokine for example IL-106; or
ivy a CRIGPR 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 clustered

regularly interspaced short palindromic repeats (CRISPR) sequence,

optionally wherein the cargo is expressed from the Bcl-3 mRNA untransiated

regions, optionally 5'UTR.
174, The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or engineered chassis comprises one or more cargo, optionally wherein the

engineered chassis has been:

a) loaded with one or more cargo; and/or
b) engineered 50 as to provide one& or More Cargo.

175. The chassis or engineered chassis according to any of the preceding paragraphs wherein

the cargo is selscted from any one or more of:
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ay) 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 neoantigen;
it} an enzyme, such as a nuclease for example a TALEN;
iii} a cytokine for example IL-130; or
iv) @ 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
iy a DNA vector;
¢} a toxin;
dy a small molecule drug, imaging agent, radionucleotide drug, radionucieotide tagged
antibody, or any conjugate thereof;
@) a viral vector such as AAVY;
£y a virus such as gncolytic virus;
g} agents for performing CRISPR mediated gene editing;
i) an exosome, for example an exosome pre-loaded 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:

ay) 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 fragmeant thereof binds to a tumor antigen or a nacantigen;
it} an enzyme, such as a nuclease for example a TALEN;
iii} a cytokine for example IL-13; or
iv) @ CRISPR associated protein, for example Cas9;
v) a bispacific protein, for example a bispscific antibody or optionally a T-cell engager
(BiTE)

} 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) seguence.

177. The chassis or engineered chassis according to any of the preceding paragraphs wherein
a cargo is exogencously loaded into the chassis or engineered chassis,
optionally wherein exogencusly loaded cargo is 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 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 @ CRISPR associated protein, for example Cas9;
v) a bispecific protein, for exampile a bispecific antibody or optionally a T-cell engager
(BITE)
b} a nucleic acid - in some embodiments the nucleic acid is:
i} an BNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly

interspaced short palindromic repeats (CRISPR) seqguence.

17&. The chassis or engineerad chassis according to any of the preceding paragraphs where
the chassis or engineered chassis comprises a cargo and wherein the cargo has been exogenously
loaded into or onto the chassis or engineered chassis, optionally into the cytoplasm, into the

plasma membrane, or onto the extracellular surface.

179. The chassis or engineered chassis according to any of the preceding paragraphs
whearein where the chassis or engineered chassis comprises a cargo, the cargoe 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:

&) 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 exesome membrane targeting portion
thereof, for example:

a tetraspanin, for example CD&3; 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

ivl 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 proteing 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 exosome targeting RNA or exoseme targeting fragment thereof;

¢) an aptamer, optionally:
i}y a MS2 binding stem-loop;
Y a C/D box; and/or
i} an AU rich slement, optionally wherein the RNA is an mRNA that encodes Cas?,

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 protein M52 fused to an exosome membrane protein,

optionally wherein the exosome membrane protein is selected from the group comprising or
consisting of Lamp2b, VEVG, CD63 or any of the proteins of Table A; and/or
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b} a fusion protein comprising the archeat 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 or any of the proteins of Table A; and/or

¢} an aptamer binding protein fused to an exosome membrane protein, optionally
whearein the exosome membrane protein is selectad from the group comprising or consisting of
Lamp2b, VEVG, CD63 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 exopsome targeting domain that is an MS2 binding stem-loop, the chassis or engineered
chassis has been engineered to express a fusion protein, wherein the fusion protein comprises
the bacteriocphage 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 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 exosome 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 exosome membrane protein, optionally wherein the exosome
meambrane protein is selectad 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 enginaered 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,
wherain 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 Lampz2b, 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 enginsered 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 to 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
wherain 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 engineearad 0 express one or more
sgRNAS.

180. The chassis or engineered chassis according to any of the preceding paragraphs wherein
the chassis or enginaered chassis comprises a nucleic acid encoding one or more cargo,
optionally:

wherein the nucleic acid comprises a heterologous sequance;
wherein the cargo is a heterologous cargo; and/or
the cargo comprises one or more targeting seqguences, 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 taggead targeting peptide, SAFR or ePAR as defined by the preceding
paragraphs, and wherein the chassis or engineered chassis endogenously axpresses 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 o 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 Bcl-3 mRNA untranslated regions, optionally 5'UTR.
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192, The chassis or engineered chassis according to any of the preceding paragraphs where
the chassis or engineered chassis comprises a cargo and wherain the cargo has been exogenously
lcaded into or onto the chassis or engineered chassis, optionally into the cytoplasm, into the

plasma membrans, or onto the extraceliular surface.

193, A nucleic acid encoding a cargo, optionally wherein the cargo is selected from:

ay) 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;
iy an enzyme, such as a nuclease for example a TALEN;
iti} a cytokine for example IL-1G; or
iv) @ 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, 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 exosome

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 aipha-granule

localisation 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 93 or 194,

196. The chassis or engineered chassis according to any of the preceding paragraphs where
the chassis or enginaered chassis comprises a cargo and wherein 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 cargoe 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 engineerad 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 whearein the engineered chassis is an engineerad effecior-
chassis 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 paragraphs and
wherain the effector-chassis has been engineered to disrupt the thrombogenic pathway targeted
delivery systermn is a non-thrombogenic therapeutic targeted delivery system or a non-
thrombogenic non-therapeutic delivery system,

200, The targeted delivery systam 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 exosoma

targeting domain.

201,  Achassis or engineered chassis according to any of the preceding paragraphs 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 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 autoimmunity
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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 precading paragraphs,
optionally wherein the chassis or engineeraed 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
method comprises administering an effective amount of any one or more of a chassis or
engineared 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, universal CPR, complex of universal CPR and tagged
targeting peptide, SAPR or ¢PAR 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 1o a subject in need thereof.

205, A method of treatment comprising administering an effective amount of any one or more
of a chassis or engineared 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 treatmeant or prevention of
any one or more of cancer, an autoimmunity disease, genetic disease, cardiovascular disease
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 anginaered chassis according to any of the
praceding 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 3 medicament for
the treatment or prevention of disease or infection, optionally for the treatment or prevention of

any one or more of cancer, an autoimmunity dissase, 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 engineared
chassis to a 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 preceding paragraphs;

¢y An engineered platelet or platelei-like membrane-bound cell fragment according to any one or
more of the preceding paragraphs;

d} A therapeutic agent and/or an imaging agent;

&) 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; and/or

) A nucleic acid encoding a CPR, universal CPR, complex of universal CPR and tagged targeting
peptide, SAPR or éPAR 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 exosomeas wherein the method
comprises administering a chassis or engineered chassis according to any of the preceding
paragraphs to a subject in need thereof wherein:

a) the chassis or engineeread chassis expresseas 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), optionally comprises at least one CPR or universal CPR;
and



b} the chassis or engineerad chassis comprises a cargo that has been targeted to 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

more of:

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;
i) an enzyme, such as a nuclease for eaxample 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}
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; or
ii} @ 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;
) a virus such as oncolytic virus;
g} 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 engineered chassis
has been engineered to endogencusly 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 selectad from the group comprising or consisting of:

a} an axosome 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 ubiguitin ligases;

¢} a ubiguitin tag; and/or

d} a tag binding domain, optionally a nanobody directed against a tag,
optionally 2 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 MS2 binding stem-loop;
iy a C/D box; and/or
iii) an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,

optionally wherein:
where the carge is an RNA that comprises an MSZ2 binding stem-loop the chassis

or engineered chassis is also engineered to express a fusion protein comprising the

bacteriophage coat protein MSZ fused to an exosome membrane protein, optionally

wherein the exosome membrane protein is selected from the group comprising or

consisting of Lamp2hb, 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 C/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 prolein, oplionally wherein the expsome
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 carqo is an RNA that comprisas 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,
aptionally wherein the exosome membrang protein is selected from the group comprising
gr consisting of Lamp2hb, VEVG, CD63 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 engineered 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 selacted from the group comprising or consisting of:

aj 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 BASP1L

b)Y 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

&} 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 MSZ binding stem-loop;
iy a C/D box; and/or
iii) 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, VEVG, 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 a3 C/D box, the chassis or engineered chassis
is also engineered to express a fusion protein comprising the archael L7 ribosomal L7As
protein 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 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 CDY9-HuR fusion protsin,
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 protsin,
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aptionally wherein the exosome membrang protein is selected from the group comprising
gr consisting of Lamp2hb, VEVG, CD63 or any of the proteins of Table A, optionally whersin
the fusion protein further comprises a light activated dimerization protein.

211. Anengineered chassis according to any of the preceding paragraphs 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 autoimmunity 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 exosomaeas by engineering of the cargo and/or chassis or engineerad
chassis.

212. The engineered chassis for use according to paragraph 211 wherein the cargo is selected

from any one or more of;

ay a protein or peptide - in some embeodiments the protein or peptide is:
iy an antibody or antigen binding fragment theraof, 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 & 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 nucleic acid is:
iy an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats {(CRISPR) sequence; or
ii} 8 DNA vector;
c) a toxin;
dy a small molecule drug, imaging agent, radionuclectide drug, radionucleotide tagged
antibody, or any conjugate thereof;
e} a viral vector such as AAY;
fy a virus such as oncolytic virus;
g} agents for performing CRISPR mediated gene editing;
1 an exosome, for example an exosome pre-icaded with a second cargo; and/or

i) or & nanoparticle or nanoparticles;
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or 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 endogencusly 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

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 thersof, optionally;

a tetraspanin, for example CD63; or

a non-tetraspanin such as PTGFRN or BASPL

b)Y an exosome targeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiquitin ligases;

C) a ubiquitin tag; and/or

dy 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 exosome fargeting 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;

iy a C/D box; and/or
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it} 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, VEVG, 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 L7As
protein 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 protein;

where the cargo is an RNA that comprises an AU rich element the chassis or engineerad
chassis has been engineered to express a fusion protein that is a CDY9-HuR fusion protein,
aptionally 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, CD63 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
engineered chassis has been exogenously loaded with a cargo that comprises an exosomsa
targeting domain, optionally wherein:

A) where the cargo is a protein or peptide, the protein or peptide is a fusion protein

comprising:

iy the cargo protein or peptide; and
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it} an exosome targeting domain, optionally wherein the exosome targeting domain

is selected from the group comprising or consisting of:

ay} an exosome specific membrane protein or exosome membrane targeting
portion thereof, optionaliy;

a tetraspanin, for example CDG3; 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} & tag binding domain, optionally @ nancbody directed against a tag,
optionally a nanobody directed against GFP; and/or

e} a protein selacted from the proteins listed in Table A;

B} whare 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} a M52 binding stem-~loop;
iy a C/D box; and/or
iii) 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 M&S2 binding stem-loop the chassis
or engineered chassis is also engineered to express a fusion protein comprising the
bacteriophage coat protein MS2Z 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 enginseared to express a fusion protein comprising the archael L7 ribosomal L7Ae
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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 to express a fusion protein that is a CDY9-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 exprass a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to o an exosome membrane protein,
optionally wherein the exosome mambrane protein is selected from the group comprising
or consisting of Lamp2h, 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 thersof for use in medicing, optionally for use in tresting or
praventing cancer, an autoimmunity 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 embodimeants the protein or peptide is:
i) an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds {0 a tumor antigen or a neocantigen;
i) an enzyme, such as a nuclease for example a TALEN;
iii} 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)
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b} a nucleic acid - in some embodiments the nucleic acid is:
i}y an RNA, for example selected from mRNA, a3 miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence; or
it} a DNA vector;
¢} a toxin;
d} a small molacule drug, imaging agent, radionuclectide 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 mediated gene editing;

or any combination thereof.

217. The use according to paragraph 215 or 216 wherein the chassis or enginaered chassis has
been engineered to endogenously exprass 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:

iy 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;

ay} an exosome specific membrane protein or exosome membrane targeting
portion thereof, optionaliy;

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
d} a tag binding domain, optionally a nanobody directed against a tag,

optionally a nanobody directed against GFP; and/or



e) a protein selacted from the proteins listed in Table A;

B) where the cargo is an RNA, the exosome targeting domain is:

a) an exosome targeating hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;
¢} an aptamer, optionally:
iy a MS2 binding stem-loop;
i) a C/D box; and/or
iit) 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 ribosomat L7Ae
protein fused o 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 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 éngineered chassis
is engineered to exprass a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to o an exosome membrane protein,
optionally wherein the exosome membrane protein is selected from the group comprising
or consisting of Lamp2b, VSVG, CDE3Z or any of the proteins of Table A, optionally wherein
the fusion protein further comprises 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 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:

iy 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;

ay} an exosome specific membrane protein or exosome membrane targeting
portion thereof, optionaliy;

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

d} & 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} whare 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) a MS2 binding stem-loop;
i) a C/D box; and/or
iii) an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9,

-219 -



optionally wherein:
where the carge is an RNA that comprises an MS2 binding stem-loop the chassis

or engineered chassis is also engineered o 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, 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 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 o 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 to express a fusion protein that is 8 CDY9-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 exprass a fusion protein comprising an aptamer binding protein (that
binds to the aptamer present in the RNA) fused to o 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.
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SEQUENCE LISTING
<110> Xap Therapeutics Limited
<120> Methods and Compositions
<130> P001094SG2

<150> 5G112023093045S
<151> 2022-06-15

<150> GB2108585.7
<151> 2021-06-16

<1l60> 118

<170> BiSSAP 1.3.6
<210> 1

<211> 261

<212> DNA
<213> Homo sapiens

<400> 1

atgattccag cagtggtctt gctcttactc cttttggttg aacaagcagc ggccctggga 60
gagcctcagce tctgctatat cctggatgcc atcctgtttce tgtatggaat tgtcctcacc 120
ctcctctact gtcgactgaa gatccaagtg cgaaaggcag ctataaccag ctatgagaaa 180
tcagatggtg tttacacggg cctgagcacc aggaaccagg agacttacga gactctgaag 240
catgagaaac caccacagta g 261
<210> 2

<211> 54

<212> DNA

<213> Homo sapiens

<400> 2
atgattccag cagtggtctt gctcttactc cttttggttg aacaagcagc ggcc 54

<210> 3

<211> 15

<212> DNA

<213> Homo sapiens

<400> 3
ctgggagagc ctcag 15

<210> 4

<211> 63

<212> DNA

<213> Homo sapiens



<400> 4
ctctgctata

tgt
<210> 5
<211> 126

<212> DNA
<213> Homo

<400> 5
cgactgaaga
tacacgggcc
ccacag
<210> 6
<211> 690

<212> DNA
<213> Homo

<400> 6
atgcaggatg
tcecgttgget
tgcgtgggga
tacctacaag
tgtcaatatg
ccctgtgaca
ttaacatggg
gacaaccgga
ttatctcgcce
aatatgtttg
gggaaaatgc
ggcatgacca
<210> 7
<211> 99

<212> DNA
<213> Homo

<400> 7
atgcaggatg

tcctggatge catcctgttt ctgtatggaa ttgtcctcac cctcecctctac

sapiens

tccaagtgcg aaaggcagct ataaccagct atgagaaatc agatggtgtt

tgagcaccag gaaccaggag acttacgaga ctctgaagca tgagaaacca

sapiens

aagatggata
ctgcatcctc
tggttgtcgg
gtgagaatga
tggtaaaaca
caaactggag
aagagagtaa
acattgtgga
agaagtcgaa
agtttttgga
accctacctt

aggtggacca

sapiens

catcacctta
ctcctggtgg
gctggtggct
aaatcgcaca
atcagaacta
atattatgga
gcagtactgc
gtacatcaaa
tgaggtctgg
agatggaaaa
ctgtgagaac

actaccttaa

aatattaaaa
cgtgtgatgg
ctggggattt
ggaactctgc
aagggcactt
gatagctgct
actgacatga
gccaggactc
aagtgggagg
ggaaatatga

aaacattatt

ctcggaaacc
ctttgattct
ggtctgtcat
aacaattagc
tcaaaggtca
atgggttctt
atgctactct
atttaattcg
atggctcggt
attgtgctta

taatgtgtga

agctctcatc
gctgatcctg
gcagcgcaat
aaagcgcttc
taaatgcagc
caggcacaac
cctgaagatt
ttgggtcgga
tatctcagaa

ttttcataat

gaggaaggct

aagatggata catcacctta aatattaaaa ctcggaaacc agctctcatc

60

63

60

120

126

60

120

180

240

300

360

420

480

540

600

660

690

60



tcecgttgget

<210> 8
<211> 63
<212> DNA
<213> Homo

<400> 8
gctttgattc
tgg

<210> 9
<211> 525

<212> DNA
<213> Homo

<400> 9
tctgtcatgce
caattagcaa
aaaggtcata
gggttcttca
gctactctcc
ttaattcgtt
ggctcggtta
tgtgcttatt
atgtgtgaga
<210> 10
<211> 954

<212> DNA
<213> Homo

<400> 10

atgactatgg
ccattgacag
gctgtgctga
acatgccagg
ctcattccca

gagtacacgt

ctgcatcctc ctcctggtgg cgtgtgatg

sapiens

tgctgatcct gtgcgtgggg atggttgtcg ggctggtggcec tctggggatt

sapiens

agcgcaatta
agcgcttctg
aatgcagccc
ggcacaactt
tgaagattga
gggtcggatt
tctcagaaaa

ttcataatgg

ggaaggctgg

sapiens

agacccaaat
ttttgctgct
aacttgagcc
gggctcgcag
cccacacgca

gccagactgg

cctacaaggt
tcaatatgtg
ctgtgacaca
aacatgggaa
caaccggaac
atctcgccag
tatgtttgag
gaaaatgcac

catgaccaag

gtctcagaat
gctggcttct
cccgtggatce
ccctgagagce
gcccagctac

ccagaccagc

gagaatgaaa
gtaaaacaat
aactggagat
gagagtaagc
attgtggagt
aagtcgaatg
tttttggaag
cctaccttcect

gtggaccaac

gtatgtccca
gcagacagtc
aacgtgctcc
gactccattc
aggttcaagg

ctcagcgacc

atcgcacagg
cagaactaaa
attatggaga
agtactgcac
acatcaaagc
aggtctggaa
atggaaaagg
gtgagaacaa

tacct

gaaacctgtg
aagctgcagc
aggaggactc
agtggttcca
ccaacaacaa

ctgtgcatct

aactctgcaa
gggcactttc
tagctgctat
tgacatgaat
caggactcat
gtgggaggat
aaatatgaat

acattattta

gctgcttcaa
tcccecccaaag
tgtgactctg
caatgggaat
tgacagcggg

gactgtgctt

99

60

63

60

120

180

240

300

360

420

480

525

60

120

180

240

300

360



tccgaatggce
ctgaggtgcc
aaatcccaga
cacagtggtg
gtgaccatca
gctgtggtca
tgcaggaaaa
ccacctggac
tatgaaacag
aaaaacatct
<210> 11

<211> 99

<212> DNA
<213> Homo

<400> 11
atgactatgg
ccattgacag
<210> 12
<211> 552

<212> DNA
<213> Homo

<400> 12

caagctgcag
caggaggact
cagtggttcc
gccaacaaca
cctgtgcatc
caggagggag
gtcacattct
atcccacaag
acgctgttct

tcaccaatgg

tggtgctcca
acagctggaa
aattctccca
attaccactg
ctgtccaagt
ttgcgactgc
agcggatttc
gtcaaatgat
ctgacggcgg

acctgactct

sapiens

gacccctcac
ggacaagcct
tttggatccc
cacaggaaac
gcccagcatg
tgtagcagcc
agccaattcc
tgccatcaga
ctacatgact

tcctcccaac

ctggagttcc
ctggtcaagg
accttctcca
ataggctaca
ggcagctctt
attgttgctg
actgatcctg
aagagacaac
ctgaacccca

gaccatgtca

aggagggaga
tcacattctt
tcccacaagce
cgctgttctce
caccaatggg
ctgtagtggc
tgaaggctgc
ttgaagaaac
gggcacctac

acagtaataa

aaccatcatg
ccagaatgga
aaaccacagt
atccaagcct
gatcattgtg
cttgatctac
ccaatttgag
caacaatgac
tgacgatgat

ctaa

agacccaaat gtctcagaat gtatgtccca gaaacctgtg gctgcttcaa

ttttgctgct gctggcttct gcagacagt

sapiens

ctcccccaaa
ctgtgactct
acaatgggaa
atgacagcgg
tgactgtgct
aaaccatcat
tccagaatgg
caaaccacag
catccaagcc

g9

ggctgtgctg
gacatgccag
tctcattccc
ggagtacacg
ttccgaatgg
gctgaggtgce
aaaatcccag
tcacagtggt

tgtgaccatc

aaacttgagc
ggggctcgca
acccacacgc
tgccagactg
ctggtgctcc
cacagctgga
aaattctccc
gattaccact

actgtccaag

cccecgtggat
gccctgagag
agcccagcta
gccagaccag
agacccctca
aggacaagcc
atttggatcc
gcacaggaaa

tgcccagcecat

caacgtgctc
cgactccatt
caggttcaag
cctcagcgac
cctggagttc
tctggtcaag
caccttctcc
cataggctac

gggcagctct

420

480

540

600

660

720

780

840

900

954

60

99

60

120

180

240

300

360

420

480

540

552



<210>
<211>
<212>
<213>

13
69
DNA
Homo

<400> 13
atcattgtgg

ttgatctac

<210>
<211>
<212>
<213>

14
231
DNA
Homo

<400> 14

tgcaggaaaa
ccacctggac
tatgaaacag
aaaaacatct
<210>
<211>

<212>
<213>

15
1020
DNA
Homo

<400> 15

atgtctccat
cagagtggac
gagaagccag
aagctgagtt
agtctggctg
gaccagctgg
ggcccggcgg
gaccaatttg
tacagggcta
tacagcttct
gtggtcacag
gcagaattct

actgagactt

sapiens

ctgtggtcat tgcgactgct gtagcagcca ttgttgctgc tgtagtggcc

sapiens

agcggatttc
gtcaaatgat
ctgacggcgg

acctgactct

sapiens

ccccgaccgce
cgctccccaa
tgaccctccg
ccagcaggta
gacgctaccg
agctcgttgce
tgtcgtcagg
ctctgtacaa
gttttcccat
ccagcaggga
gaacctctgt
cagaagccac

ctaggagtat

agccaattcc
tgccatcaga
ctacatgact

tcctcccaac

cctcttetgt
gccctcececte
gtgccaggga
ccaggatcag
ctgctcctac
cacgggagtt
aggggacgta

ggaaggggac

catcacggtg
cccatacctg
gacccccagce
cgctgaactg

caccgccagt

actgatcctg
aagagacaac
ctgaacccca

gaccatgtca

cttgggctgt
caggctctgc
cctcecgggeg
gcagtcctct
cagaacggaa
tttgccaaac
accctacagt
cctgecgecect
accgccgceccce
tggtcagccc
cggttaccaa
accgtctcat

ccaaaggagt

tgaaggctgc
ttgaagaaac
gggcacctac

acagtaataa

gtctggggcg

ccagctccct
tggacctgta
tcatcccgge
gcctctggte
cctcgctcectce
gtcagactcg
acaagaatcc
acagcggaac
ccagcgaccce
cagaaccacc
tcacaaacga

cagactctcc

60

69
ccaatttgag 60
caacaatgac 120
tgacgatgat 180
c 231
tgtgccagcg 60
ggtgcccectg 120
ccgcctggag 180
catgaagaga 240
cctgcccagce 300
agcccagccc 360
gtatggcttt 420
cgagagatgg 480
ctaccgatgc 540
cctggagcett 600
ttccceggta 660
agtcttcaca 720
agctggtcct 780



gcccgceccagt

ataatcctgg

aggggcaggg

tcaaacgggg

<210> 16
<211> 60
<212> DNA
<213> Homo

<400> 16
atgtctccat

<210> 17
<211> 741
<212> DNA
<213> Homo

<400> 17

cagagtggac
gagaagccag
aagctgagtt
agtctggctg
gaccagctgg
ggcccggcgg
gaccaatttg
tacagggcta
tacagcttct
gtggtcacag
gcagaattct
actgagactt
gcccgceccagt
<210> 18

<211> 63

<212> DNA
<213> Homo

<400> 18
ggcaacctgg

actacaccaa gggcaacctg gtccggatat gcctcggggce

tgtgatccta

cggggtttct ggcagaggac tggcacagcc ggaggaagcg cctgcggcac

ctgtgcagag gccgcttccg cccctcececcge cccteccecget

gtcaggatgg aggccgacag gatgttcaca gccgcgggtt

sapiens

gacccggaaa

atgttcatga

ccccgaccgce cctcettetgt cttgggcectgt gtctggggeg tgtgccagcg

sapiens

cgctccccaa
tgaccctccg
ccagcaggta
gacgctaccg
agctcgttgce
tgtcgtcagg
ctctgtacaa
gttttcccat
ccagcaggga
gaacctctgt
cagaagccac
ctaggagtat

actacaccaa

sapiens

gccctceccecte
gtgccaggga
ccaggatcag
ctgctcctac
cacgggagtt
aggggacgta
ggaaggggac
catcacggtg
cccatacctg
gacccccagce
cgctgaactg
caccgccagt

g

caggctctgc
cctcecgggeg
gcagtcctct
cagaacggaa
tttgccaaac
accctacagt
cctgecgecct
accgccgceccce
tggtcagccc
cggttaccaa
accgtctcat

ccaaaggagt

ccagctccct
tggacctgta
tcatcccgge
gcctctggte
cctcgctcectce
gtcagactcg
acaagaatcc
acagcggaac
ccagcgaccce
cagaaccacc
tcacaaacga

cagactctcc

ggtgcccctg
ccgcctggag
catgaagaga
cctgecccagce
agcccagccce
gtatggcttt
cgagagatgg
ctaccgatgc
cctggagctt
ttcccecggta
agtcttcaca

agctggtcct

tccggatatg cctcgggget gtgatcctaa taatcctggcec ggggtttcectg

840

900

960

1020

60

60

120

180

240

300

360

420

480

540

600

660

720

741

60



gca

<210>
<211>
<212>
<213>

19
153
DNA
Homo

<400> 19
gaggactggc

cttccgcecccce
cgacaggatg
<210>
<211>

<212>
<213>

20
1032
DNA

<220>
<223>

<400> 20
atgattccag

cagatgaccc
tgcagagcca
accgtgaagc
agcggcagcg
atcgccacct
aagctggaga
accaagggcg
ctgagcgtga
agacagcccc
tactacaaca
gtgttcctga
cactactact
gtgagcagcg
ctctgctata
tgtcgactga

gtttacacgg

sapiens

acagccggag gaagcgcctg cggcacaggg gcagggctgt gcagaggccg

tccecgecect cccgcectgacce cggaaatcaa acgggggtca ggatggaggce

ttcacagccg cgggttatgt tca

cagtggtctt
agaccaccag
gccaggacat
tgctgatcta
gcagcggcac
acttctgcca
tcaccggcag
aggtgaagct
cctgcaccgt
ccagaaaggg
gcgccctgaa
agatgaacag
acggcggceag
aatctaagta
tcctggatgce
agatccaagt

gcctgagcac

Artificial Sequence

Description of Artificial Sequence:

gctcttactc
cagcctgagc
cagcaagtac
ccacaccagc
cgactacagc
gcagggcaac
caccagcggce
gcaggagagce
gagcggcgtg
cctggagtgg
gagcagactg
cctgcagacc
ctacgccatg
cggaccgccce
catcctgttt
gcgaaaggca

caggaaccag

cttttggttg
gccagcctgg
ctgaactggt
agactgcaca
ctgaccatca
accctgccect
agcggcaagc
ggccccggcece
agcctgcccg
ctgggcgtga
accatcatca
gacgacaccg
gactactggg
tgccccecectt
ctgtatggaa
gctataacca

gagacttacg

aacaagcagc
gcgacagagt
accagcagaa
gcggcgtgcc
gcaacctgga
acaccttcgg
ccggcagcegyg
tggtggcccc
actacggcgt
tctggggcag
aggacaacag
ccatctacta
gccagggcac
gccctctggg
ttgtcctcac
gctatgagaa

agactctgaa

Chimeric ITAM receptor

ggccgacatc
gaccatcagc
gcccgacggce
cagcagattc
gcaggaggac
cggcggcacce
cgagggcagc
cagccagagc
gagctggatc
cgagaccacc
caagagccag
ctgcgccaag
cagcgtgacc
agagcctcag
cctcctcectac
atcagatggt

gcatgagaaa

63

60

120

153

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



ccaccacagt

<210> 21

<211> 951
<212> DNA
<213>

<220>
<223>

<400> 21
atgcaggatg

tcecgttgget
tgcgtgggga
tctaagtacg
agcctgagcg
agcaagtacc
cacaccagca
gactacagcc
cagggcaaca
accagcggca
caggagagcg
agcggcgtga
ctggagtggc
agcagactga
ctgcagaccg
tacgccatgg
<210> 22

<211> 1188

<212> DNA
<213>

<220>
<223>

<400> 22

ag

aagatggata
ctgcatcctc
tggttgtcgg
gaccgccctg
ccagcctggg
tgaactggta
gactgcacag
tgaccatcag
ccctgcececta
gcggcaagcc
gccccggcect
gcctgcccga
tgggcgtgat
ccatcatcaa
acgacaccgc

actactgggg

Artificial Sequence

Description of Artificial Sequence:

catcacctta
ctcctggtgg
gctggtggcet
ccceecttge
cgacagagtg
ccagcagaag
cggcgtgccc
caacctggag
caccttcggce
cggcagcgge
ggtggccccc
ctacggcgtg
ctggggcagce
ggacaacagc
catctactac

ccagggcacc

Artificial Sequence

Description of Artificial Sequence:

aatattaaaa
cgtgtgatgg
ctggggattt
cctgacatcc
accatcagct
cccgacggca
agcagattca
caggaggaca
ggcggcacca
gagggcagca
agccagagcc
agctggatca
gagaccacct
aagagccagg
tgcgccaagce

agcgtgaccg

ctcggaaacc
ctttgattct
ggtctgtcat
agatgaccca
gcagagccag
ccgtgaagcet
gcggcagegg
tcgccaccta
agctggagat
ccaagggcga
tgagcgtgac
gacagccccce
actacaacag
tgttcctgaa
actactacta

tgagcagcta

Chimeric ITAM receptor

agctctcatc
gctgatcctg
gcagcgcgaa
gaccaccagc
ccaggacatc
gctgatctac
cagcggcacc
cttctgccag
caccggcagc
ggtgaagctg
ctgcaccgtg
cagaaagggc
cgccctgaag
gatgaacagc
cggcggcage

a

Chimeric ITAM receptor

atgactatgg agacccaaat gtctcagaat gtatgtccca gaaacctgtg gctgcttcaa

ccattgacag ttttgctgct gctggcttct gcagacagtg acatccagat gacccagacc

1032

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

951

60

120



accagcagcc
gacatcagca
atctaccaca
ggcaccgact
tgccagcagg
ggcagcacca
aagctgcagg
accgtgagcg
aagggcctgg
ctgaagagca
aacagcctgce
ggcagctacg
aagtacggac
gtcattgcga
aaaaagcgga
ggacgtcaaa
acagctgacg
atctacctga
<210>
<211>

<212>
<213>

23
1065
DNA

<220>
<223>

<400> 23
atgtctccat

gacatccaga
atcagctgca
gacggcaccg
agattcagcg
gaggacatcg

ggcaccaagc

tgagcgccag
agtacctgaa
ccagcagact
acagcctgac
gcaacaccct
gcggcagegg
agagcggccc
gcgtgagcecct
agtggctggg
gactgaccat
agaccgacga
ccatggacta
cgccctgcecce
ctgctgtagce
tttcagccaa
tgattgccat
gcggctacat

ctcttcctcece

ccccgaccgce
tgacccagac
gagccagcca
tgaagctgct
gcagcggceag
ccacctactt

tggagatcac

cctgggcgac
ctggtaccag
gcacagcggc
catcagcaac
gccctacacc
caagcccggce
cggcctggtg
gcccgactac
cgtgatctgg
catcaaggac
caccgccatc
ctggggccag
cccttgecect
agccattgtt
ttccactgat
cagaaagaga
gactctgaac

caacgaccat

Artificial Sequence

Description of Artificial Sequence:

cctcttetgt
caccagcagc
ggacatcagc
gatctaccac
cggcaccgac
ctgccagcag

cggcagcacc

agagtgacca
cagaagcccg
gtgcccagca
ctggagcagg
ttcggcggceg
agcggcgagg
gcccccagcece
ggcgtgagct
ggcagcgaga
aacagcaaga
tactactgcg
ggcaccagcg
tcttcaccaa
gctgctgtag
cctgtgaagg
caacttgaag
cccagggcac

gtcaacagta

cttgggctgt
ctgagcgcca
aagtacctga
accagcagac
tacagcctga

ggcaacaccc

agcggcagcg

tcagctgcag
acggcaccgt
gattcagcgg
aggacatcgc
gcaccaagct
gcagcaccaa
agagcctgag
ggatcagaca
ccacctacta
gccaggtgtt
ccaagcacta
tgaccgtgag
tggggatcat
tggccttgat
ctgcccaatt
aaaccaacaa
ctactgacga

ataactaa

gtctggggcg
gcctgggcga
actggtacca
tgcacagcgg
ccatcagcaa
tgccctacac

gcaagcccgg

agccagccag
gaagctgctg
cagcggcagce
cacctacttc
ggagatcacc
gggcgaggtg
cgtgacctgc
gccccccaga
caacagcgcce
cctgaagatg
ctactacggc
cagcgaatct
tgtggctgtg
ctactgcagg
tgagccacct
tgactatgaa

tgataaaaac

Chimeric ITAM receptor

tgtgccagcg
cagagtgacc
gcagaagccc
cgtgcccagce
cctggagcag
cttcggecggce

cagcggcgag

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1188

60

120

180

240

300

360

420



ggcagcacca
cagagcctga
tggatcagac
accacctact
agccaggtgt
gccaagcact
gtgaccgtga
accaagggca
tttctggcag
cagaggccgce
gatggaggcc
<210>
<211>

<212>
<213>

24
1581
DNA
Homo

<400> 24

atggggcacc
acagcctcac
atgccattca
caactttttg
ggatatgcaa
atatacccca
accctacaag
tacccggagce
gatgctgtgg
aacaatcaga
actctactca
gtgagtgcga
accatttccc
gcagcctcta
acacaagagc

gccaataact

agggcgaggt
gcgtgacctg
agccccccag
acaacagcgc
tcctgaagat
actactacgg
gcagcgaatc
acctggtccg
aggactggca
ttccgececcect

gacaggatgt

sapiens

tctcagcccce
ttctaacctt
atgttgcaga
gctacagctg
taggaactca
atgcatccct
tcataaagtc
tgcccaagcc
ccttcacctg
gcctccececggt
gtgtcacaag
accgcagtga
cttcagacac
acccacctgce
tctttatccc

cagtcactgg

gaagctgcag
caccgtgagc
aaagggcctg
cctgaagagc
gaacagcctg
cggcagctac
taagtacgga
gatatgcctc
cagcecggagyg
cccgeccectce

tcacagccgce

acttcacaga
ctggaacccg
ggggaaggag
gtacaaaggg
acaagctacc
gctgatccag
agatcttgtg
ctccatctcc
tgaacctgag
cagtcccagg
gaatgacaca
cccagtcacc
ctattaccgt
acagtactcc
taacatcact

ctgcaacagg

10

gagagcggcc
ggcgtgagcc
gagtggctgg
agactgacca
cagaccgacg
gccatggact
ccgccectgece
ggggctgtga
aagcgcctgce
ccgctgaccc

gggttatgtt

gtgcgtgtac
cccaccactg
gttcttctcc
gaaagagtgg
ccagggcccg
aacgtcaccc
aatgaagaag
agcaacaact
actcaggaca
ctgcagctgt
ggaccctatg
ttgaatgtca
ccaggggcaa
tggcttatca
gtgaataata

accacagtca

ccggectggt
tgcccgacta
gcgtgatctg
tcatcaagga
acaccgccat
actggggcca
cceccttgecce
tcctaataat
ggcacagggg
ggaaatcaaa

catga

cctggcaggg

cccagctcac
ttgtccacaa
atggcaaccg
caaacagcgg
agaatgacac
caactggaca
ccaaccctgt
caacctacct
ccaatggcaa
agtgtgaaat
cctatggceccc
acctcagcect
atggaacatt
gtggatccta

agacgatcat

ggcccccagce
cggcgtgagc
gggcagcgag
caacagcaag
ctactactgc
gggcaccagc
tcagtactac
cctggcgggg
cagggctgtg

cgggggtcag

gcttctgctc
tactgaatcc
tctgcccecag
tcaaattgta
tcgagagaca
aggattctac
gttccatgta
ggaggacaag
gtggtggata
caggaccctc
acagaaccca
ggacaccccce
ctcctgcetat
ccagcaaagc
tacctgccac

agtcactgag

480

540

600

660

720

780

840

900

960

1020

1065

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



ctaagtccag
aaggactctg
ttcaaaaacc
ctcagcataa
ccaatcagta
caagaaaatg
gttgctctga
agcgaccagc
tccaatgacc
cagcaaccca
tcagaagtaa
<210>
<211>

<212>
<213>

25
102
DNA
Homo

<400> 25
atggggcacc

acagcctcac

<210>
<211>
<212>
<213>

26
1182
DNA
Homo

<400> 26

cagctcacta
gtccacaatc
ggcaaccgtc
aacagcggtc
aatgacacag
actggacagt
aaccctgtgg
acctacctgt

aatggcaaca

tagtagcaaa
tgaacctgac
agagtctccc
accctgtcaa
agaaccaaag
gcctctcacce
tagcagtagc
gtgatctcac
cacctaacaa
cacaaccaac

aaaagcagta

sapiens

gccccaaatc
ctgctccaca
gtcctcggag
gagggaggat
cgaccccatc
tggggccatt
cctggcatgt
agagcacaaa
gatgaatgaa
ttcagcctcce

a

11

aaagccagca
aatgacactg
aggatgaagc
gctgggacgt
atgctgaacg
gctggcattg
tttctgcatt
ccctcagtcet
gttacttatt

ccatccctaa

agaccacagt
gaatctccat
tgtcccaggg
attggtgtga
taaactataa
tgattggagt
tcgggaagac
ccaaccacac
ctaccctgaa

cagccacaga

cacaggagat
ccgttggttce
caacaccacc
ggtcttcaac
tgctctacca
agtggccctg
cggcagggca
tcaggaccac
ctttgaagcc

aataatttat

tctcagccce acttcacaga gtgcgtgtac cctggcaggg gcecttctgetce

ttctaacctt ctggaacccg cccaccactg cc

sapiens

ctgaatccat
tgccccagca
aaattgtagg
gagagacaat
gattctacac
tccatgtata
aggacaagga
ggtggataaa

ggaccctcac

gccattcaat
actttttggce
atatgcaata
ataccccaat
cctacaagtc
cccggagctg
tgctgtggcc
caatcagagc

tctactcagt

gttgcagagg
tacagctggt
ggaactcaac
gcatccctgce
ataaagtcag
cccaagccct
ttcacctgtg
ctccecggtcea

gtcacaagga

ggaaggaggt
acaaagggga
aagctacccc
tgatccagaa
atcttgtgaa
ccatctccag
aacctgagac
gtcccaggct

atgacacagg

tcttectectt
aagagtggat
agggcccgca
cgtcacccag
tgaagaagca
caacaactcc
tcaggacaca
gcagctgtcc

accctatgag

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1581

60

102

60

120

180

240

300

360

420

480

540



tgtgaaatac
tatggcccgg
ctcagcctct
ggaacattcc
ggatcctata
acgatcatag
accacagtca
atctccatcc
tcccagggca
tggtgtgagg
aactataatg
<210>
<211>

<212>
<213>

27
72
DNA
Homo

<400> 27
gccattgctg

gcatgttttc

<210>
<211>
<212>
<213>

28
222
DNA
Homo

<400> 28

catttcggga
gtctccaacc
tattctaccc
ctaacagcca
<210>
<211>

<212>
<213>

29
726
DNA
Homo

<400> 29
atggctgtgt

gcttctctgg

agaacccagt
acacccccac
cctgctatgce
agcaaagcac
cctgccacgce
tcactgagct
caggagataa
gttggttctt
acaccaccct
tcttcaaccc

ctctaccaca

sapiens

gagtgcgaac
catttcccct
agcctctaac
acaagagctc
caataactca
aagtccagta
ggactctgtg
caaaaaccag
cagcataaac
aatcagtaag

agaaaatggc

12

cgcagtgacc
tcagacacct
ccacctgcac
tttatcccta
gtcactggct
gtagcaaagc
aacctgacct
agtctcccgt
cctgtcaaga
aaccaaagcg

ctctcacctg

cagtcacctt
attaccgtcc
agtactcctg
acatcactgt
gcaacaggac
cccaaatcaa
gctccacaaa
cctcggagag
gggaggatgc
accccatcat

g9

gaatgtcacc
aggggcaaac
gcttatcaat
gaataatagt
cacagtcaag
agccagcaag
tgacactgga
gatgaagctg
tgggacgtat

gctgaacgta

gcattgtgat tggagtagtg gccctggttg ctctgatagc agtagccctg

tg

sapiens

agaccggcag
acactcagga
tgaactttga

cagaaataat

sapiens

ggcaagcgac
ccactccaat
agcccagcaa

ttattcagaa

cagcgtgatc
gacccaccta
cccacacaac

gtaaaaaagc

tcacagagca
acaagatgaa
caacttcagc

ag

caaaccctca
tgaagttact

ctccccecatcece

ttctgcagct gctaccgctg ctgctctcga gggcccaagg gaaccctggg

acggccgccce tggggaccgg gtgaatctct cctgcggagg agtctctcat

600

660

720

780

840

900

960

1020

1080

1140

1182

60

72

60

120

180

222

60

120



cccatccgcet
cgaccgatcc
gtcggccgcec
ggggactcgg
cacgtgctgg
ccccagctcece
ctggtctggt
gctccacttg
ggggacctgg
aggccccgcec
gtttga
<210> 30
<211> 51

<212> DNA
<213> Homo

<400> 30
atggctgtgt

<210> 31
<211> 375
<212> DNA
<213> Homo

<400> 31

aaccctgggg
gtctctcatc
aaaggacgcc
cagcctttcg
ttgagcgcgg
acagtgcttc
tccgtgtatc
<210> 32

<211> 63

<212> DNA
<213> Homo

gggtctgggce

tgtgggcctc
tacgctccct
gcactttttt
gggacaggac
tgatcccgcet
ggctgcacag
tgaaaaccga
accaggaacc

ggctgtccac

sapiens

acccagcttc
ttcgagcggg
ggactctggt
ctgcaagggc
ctattgcaag
gctgggcgcet
gcgcctgcecce
gccccagagg
gagcctgctc

agcggaccct

13

ccggcectgea
acccccaccg
atccggcggce
cgccacgagg
gcccccgggce
gggttggtgce
ccgcaaccga
ccagtaaagg
tatgcggatc

gctgatgcct

agggcctgtc
tgcctccect
tggagctcct
acgagagccg
ctacccatgg
tcggactggg
ttcgaccact
aggaagagcc
tggaccatct

ccaccatcta

caaaggacgc
ccagcctttce
cttgagcgcg
tacagtgctt
gtccgtgtat
agctttgggce
ccctagattt
caagattcca
agccctcagce

tgcagttgta

ttctgcagct gctaccgctg ctgctctcga gggcccaagg g

sapiens

cttctctgga
ccatccgcetg
gaccgatcct
tcggccgect
gggactcggg
acgtgctggg

cccag

sapiens

cggccgcecct
ggtctgggca
gtgggcctct
acgctccctg
cacttttttc

ggacaggacc

ggggaccggg
cccagcttcec
tcgagcggga
gactctggta
tgcaagggcc

tattgcaagg

tgaatctctc
cggcctgcaa
cccccecaccgt
tccggeggcet
gccacgagga

ccceccgggec

ctgcggagga
gggcctgtcc
gcctccecte
ggagctcctc
cgagagccgt

tacccatggg

180

240

300

360

420

480

540

600

660

720

726

51

60

120

180

240

300

360

375



<400> 32
ctcctgatcc

tgg

<210> 33
<211> 234
<212> DNA
<213> Homo

<400> 33

tggctgcaca
gtgaaaaccg
gaccaggaac
cggctgtcca
<210> 34

<211> 1797

<212> DNA
<213> Homo

<400> 34

atgaccccca
gtgcagacag
caggggagtc
tatagggaga
ggccagttcc
tacagccgcg
tacccaaaac
accctccagt
gaagaacacc
ttctcecgtgg
ttgaactctc
gtttctaaga
ctgaccctcc
gaacgtgacc
ttcaccctgg

aacctctcct

14

cgctgctggg cgctgggttg gtgctcggac tgggagcttt gggcctggtce

sapiens

ggcgcctgcc
agccccagag
cgagcctgcet

cagcggaccc

sapiens

tcgtcacagt
ggaccattcc
ccgtcaccct
aaaaatcagc
acatcccatc
ctcggtggtc
ccaccctctce
gtgagtcaca
cacaatgcct
gccccgtgag
cctatgtgtg
agccatcact
agtgtgtctc
ttcgccagcet
gccctgtgag

ctgagtgctc

cccgcaaccg
gccagtaaag
ctatgcggat

tgctgatgcc

cctgatctgt
caagcccacc
cagttgtcag
atcttggatt
catcacctgg
tgagctcagt
agcccagccce
ggtggcattt
gaactcccag
cccgaatcgce
gtcttcaccc
ctcagtgcag
tgatgtcggce
ccctggecgg
ccgctcectac

ggcccccagce

attcgaccac
gaggaagagc
ctggaccatc

tccaccatct

ctcgggctga
ctgtgggctg
gggagccttg
acacggatac
gaacacacag
gaccccctgg
agccctgtgg
ggcggcttca
ccccatgcecc
aggtggtcgce
agtgatctcc
ccgggtectg
tatgacagat
cagccccagg

gggggccagt

gaccccctgg

tccctagatt
ccaagattcc
tagccctcag

atgcagttgt

gtctgggccce
agccagactc
aagcccagga
gaccagagct
ggcgatatgg
tgctggtgat
tgacctcagg
ttctgtgtaa
gtgggtcgtc
acaggtgcta
tggagctcct
tcgtggcccce
ttgttctgta
ctgggctctc
acagatgcta

acatcctgat

tgctccactt
aggggacctg
caggccccgce

agtt

caggacccac
tgtgatcacc
gtaccgtcta
tgtgaagaac
ctgtcagtat
gacaggagcc
aggaagggtg
ggaaggagaa
ccgcgccatce
tggttatgac
ggtcccaggt
tggggaaagc

caaggagggyg

ccaggccaac
cggtgcacac

cacaggacag

60

63

60

120

180

234

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



atccgtggca
gtgaccctgce
gcagctgatg
ttcccecatga
aactccgacc
ccctceccecatgg
gaccagcccce
gttgtgatcg
ctcatcctcc
ttccaacatc
tccagcccag
cctgaagatg
acctacgccc

caggaaaggg

<210> 35
<211> 63
<212> DNA
<213> Homo

<400> 35
atgaccccca

gtg

<210>
<211>
<212>
<213>

36
1320
DNA
Homo

<400> 36

cagacaggga
gggagtccceg
agggagaaaa
cagttccaca
agccgcgctce

CCaaaaccca

cacccttcat
tgtgtcagtc
ccccactcecg
gtcctgtgac
cctacctgcet
gttccagccc
tcacccccac
gcatcttggt
gacatcgacg
ctgcaggggc
ctgccgacgce
gggtggagat
agctgcacag

aacctccagc

sapiens

ctcagtgcag
atggcggcag
tctaagatca
ctcagcccac
gtctcacccc
cccacccacc
tgggtcggat
ggccgtcgtce
tcagggcaaa
tgtggggcca
ccaggaagaa
ggacactcgg
cttgaccctc

tgagcccagce

15

ccaggcccca
ttccacactt
atacacgaat
gcggggacct
agtgagcccc
ggtcccatct
ccccaaagtg
ctactgctcc
cactggacat
gagcccacag
aacctctatg
gctgctgcat
agacggaagg

atctacgcca

cagtggcctc
tccttcectgac
atcctaagta
acaggtgcta
tggagctcgt
ccacacctgc
gtctgggaag
tcctectect
cgacccagag
acagaggcct
ctgccgtgaa
ctgaagcccc
caactgagcc

ccctggecat

aggagagaac
caaggcggga
ccaggctgaa
cggctcactc
ggtctcagga
aggccctgag
gcacctgggg
cctcctette
aaaggctgat
gcagtggagg
ggacacacag
ccaggatgtg
tcctecatcce

ccactag

tcgtcacagt cctgatctgt ctcgggctga gtctgggccc caggacccac

sapiens

ccattcccaa
tcaccctcag
aatcagcatc
tccecatccat
ggtggtctga

ccctcectcecage

gcccaccctg
ttgtcagggg
ttggattaca
cacctgggaa
gctcagtgac

ccagcccagce

tgggctgagce
agccttgaag
cggatacgac
cacacagggc
ccecctggtgce

cctgtggtga

cagactctgt
cccaggagta
cagagcttgt
gatatggctg
tggtgatgac

cctcaggagg

gatcacccag
ccgtctatat
gaagaacggc
tcagtattac
aggagcctac

aagggtgacc

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1797

60

63

60

120

180

240

300

360



ctccagtgtg
gaacacccac
tccgtgggece
aactctccct
tctaagaagc
accctccagt
cgtgaccttc
accctgggcc
ctctcctcectg
cgtggcacac
accctgcectgt
gctgatgccc
cccatgagtc
tccgacccect
tccatgggtt
cagcccctca
<210> 37

<211> 63

<212> DNA
<213> Homo

<400> 37
gtgatcggca

atc

<210>
<211>
<212>
<213>

38
2217
DNA
Homo

<400> 38

atgcagccga
ctctgttcaa
agcctgccgg
gtcagcacca

ctgttttaca

agtcacaggt
aatgcctgaa
ccgtgagcecc
atgtgtggtc
catcactctc
gtgtctctga
gccagctccc
ctgtgagccg
agtgctcggce
ccttcatctc
gtcagtcatg
cactccgtcet
ctgtgacctc
acctgctgtc
ccagcccccce

cccccactgg

sapiens

ggcatttggc
ctcccagceccc
gaatcgcagg
ttcacccagt
agtgcagccg
tgtcggctat
tggccggcag
ctcctacggg
ccccagcgac
agtgcagcca
gcggcagttc
aagatcaata
agcccacgcg
tcaccccagt
acccaccggt

gtcggatccc

16

ggcttcattc
catgccecgtg
tggtcgcaca
gatctcctgg
ggtcctgtcg
gacagatttg
ccccaggcetg
ggccagtaca
cccctggaca
ggccccacag
cacactttcc
cacgaatatc
gggacctaca
gagcccctgg
cccatctcca

caaagtggtc

tgtgtaagga
ggtcgtcccg
ggtgctatgg
agctcctggt
tggccecctgg
ttctgtacaa
ggctctccca
gatgctacgg
tcctgatcac
tggcctcagg
ttctgaccaa
ctaagtacca
ggtgctacgg
agctcgtggt
cacctgcagg

tgggaaggca

aggagaagaa
cgccatcttce
ttatgacttg
cccaggtgtt
ggaaagcctg
ggagggggaa
ggccaacttc
tgcacacaac
aggacagatc
agagaacgtg
ggcgggagca
ggctgaattc
ctcactcaac
ctcaggaccc

ccctgaggac

cctgggggtt

tcttggtgge cgtcgtccta ctgctcctcecce tcecctcecctect cctettecte

sapiens

ggtgggccca

gccttgaggg

actggacggt
cctctcacgt

acatctcctc

aggggccacg
tcaagaaaac
gcaaaatggg
caagcctcag

catgaagagc

atgtggcttg
tctttcacaa
aagaacctga
caccagatgc

acagagagtt

gagtcctgct
tcaacagtgt
ccctgcagtg
tgttctataa

attttattcc

gacccttctg
tgacatgaag
cttcgcggat
ggatgacgtg

tgaagtccgg

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

60

63

60

120

180

240

300



atctatgact
gcagagtacc
gaggccatcc
atacacttca
aagaattctc
gttttatcct
tctaccaaga
agccccaccg
actcacctgg
cacaacagac
aactacacgt
ataacagaac
gaaagactga
aaggaagata
agtgggacgt
cagatagtcg
gtcataaaag
tcttaccaac
cctgcggtat
tgccattccc
gatgaggtcc
ctgcaatgtg
gagggcaaac
aaggctagca
gcctccagtg
aaaggactta
aaatgttatt
gcagtaccac
agtcattacg

aaagagcctc

cagggacata
aggtgttggt
aaggtgggat
caattgaaaa
gagaccagaa
tccgatgtca
gtgaactggt
gaatgatcat
cccaggagtt
atggcaacaa
gcaaagtgga
tattttccaa
acctgtcctg
cgattgtgtc
atatctgcac
tatgtgaaat
gacagaccat
ttttaaaaac
tcaaagacaa
atgccaaaat
agatttctat
ctgtgaatga
ccttctatca
aggaacagga
tccccagaag
ttgcagtggt
ttctgaggaa
ttctgaactc
gtcacaatga

tgaactcaga

taaatgtact
ggaaggagtg
cgtgagggtc
acttgaacta
ttttgtgata
agctaggatc
caccgtgacg
ggaaggagct
tccagaaatc
ggctgtgtac
gtccagccgce
gcccgaactg
ctccatccca
acagactcaa
tgcaggtatt
gctctcccag
cgaagtccgt
aagtaaagtt
ccccactgaa
gttaagtgag
cctgtcaagt
aggatctggt
aatgacctca
gggagagtat
caaaatactg
tatcatcgga
agccaaggcc
caacaacgag
cgatgtcaga

cgtgcagtac

17

gtgattgtga
cccagtccca
aactgttctg
aatgaaaaaa
ctggaattcc
atttctggga
gaatccttct
cagctccaca
ataattcaga
tcagtcatgg
atatccaagg
gaatcttcct
ggagcacctc
gatttcacca
gacaaagtgg
cccaggattt
tgcgaatcga
ttggagaata
gacgtcgaat
gttctgaggg
aaggtggtgg
cccatcacct
aatgccaccc
tactgcacag
acagtcagag
gtgatcattg
aagcagatgc
aaaatgtcag
aaccatgcaa

acggaagttc

acaacaaaga
gggtgacact
tcccagagga
tggtcaagct
ccgttgagga
tccatatgca
ctacacccaa
ttaagtgcac
aggacaaggc
ccatggtgga
tcagcagcat
tcacacatct
cagccaactt
agatagcctc
tcaagaaaag
cttatgatgc
tcagtggaac
gtaccaagaa
accagtgtgt
tgaaggtgat
agtctggaga
ataagtttta
aggcattttg
ccttcaacag
tcattcttgce
ctctcttgat
cagtggaaat
atcccaatat
tgaaaccaat

aagtgtcctc

gaaaaccact
ggacaagaaa
aaaggcccca
gaaaagagag
acaggaccgc
gacctcagaa
gttccacatc
cattcaagtg
gattgtggcc
gcacagtggc
cgtggtcaac
ggaccaaggt
caccatccag
aaagtcggac
caacacagtc
ccagtttgag
tttgcctatt
ctcaaatgat
tgcagataat
agccccggtg
ggacattgtg
cagagaaaaa
gaccaagcag
agccaaccac
cccatggaag
cattgcggcecc
gtccaggcca
ggaagctaac
aaatgataat

agctgagtct

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100



cacaaagatc

cctgatgccg

<210> 39
<211> 81
<212> DNA
<213> Homo

<400> 39
atgcagccga

ctctgttcaa

<210>
<211>
<212>
<213>

40
1722
DNA
Homo

<400> 40

caagaaaact
caaaatggga
aagcctcagc
atgaagagca
aaatgtactg
gaaggagtgc
gtgagggtca
cttgaactaa
tttgtgatac
gctaggatca
accgtgacgg
gaaggagctc
ccagaaatca
gctgtgtact
tccagccgca
cccgaactgg
tccatcccag
cagactcaag

gcaggtattg

18

taggaaagaa ggacacagag acagtgtaca gtgaagtccg gaaagctgtc

tggaaagcag atactctaga acggaaggct cccttgatgg aacttag

sapiens

ggtgggccca aggggccacg atgtggcttg gagtcctgcect gacccttcectg

gccttgaggg

sapiens

ctttcacaat
agaacctgac
accagatgct
cagagagtta
tgattgtgaa
ccagtcccag
actgttctgt
atgaaaaaat
tggaattccc
tttctgggat
aatccttctc
agctccacat
taattcagaa
cagtcatggc
tatccaaggt
aatcttcctt
gagcacctcc
atttcaccaa

acaaagtggt

t

caacagtgtt
cctgcagtgce
gttctataag
ttttattcct
caacaaagag
ggtgacactg
cccagaggaa
ggtcaagctg
cgttgaggaa
ccatatgcag
tacacccaag
taagtgcacc
ggacaaggcg
catggtggag
cagcagcatc
cacacatctg
agccaacttc
gatagcctca

caagaaaagc

gacatgaaga
ttcgcggatg
gatgacgtgc
gaagtccgga
aaaaccactg
gacaagaaag
aaggccccaa
aaaagagaga
caggaccgcg
acctcagaat
ttccacatca
attcaagtga
attgtggccc
cacagtggca
gtggtcaaca
gaccaaggtg
accatccaga
aagtcggaca

aacacagtcc

gcctgccgga
tcagcaccac
tgttttacaa
tctatgactc
cagagtacca
aggccatcca
tacacttcac
agaattctcg
ttttatcctt
ctaccaagag
gccccaccgg
ctcacctggc
acaacagaca
actacacgtg
taacagaact
aaagactgaa
aggaagatac
gtgggacgta

agatagtcgt

ctggacggtg
ctctcacgtc
catctcctcc
agggacatat
ggtgttggtg
aggtgggatc
aattgaaaaa
agaccagaat
ccgatgtcaa
tgaactggtc
aatgatcatg
ccaggagttt
tggcaacaag
caaagtggag
attttccaag
cctgtcecctgce
gattgtgtca
tatctgcact

atgtgaaatg

2160

2217

60

81

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



ctctcccage
gaagtccgtt
agtaaagttt
cccactgaag
ttaagtgagg
ctgtcaagta
ggatctggtc
atgacctcaa
ggagagtatt
aaaatactga
<210>
<211>

<212>
<213>

41
57
DNA
Homo

<400> 41
ggacttattg

<210>
<211>
<212>
<213>

42
354
DNA
Homo

<400> 42

aaatgttatt
gcagtaccac
agtcattacg
aaagagcctc
cacaaagatc
cctgatgccg
<210>
<211>

<212>
<213>

43
936
DNA
Homo

<400> 43
atgggcctca

ccaggatttc
gcgaatcgat
tggagaatag
acgtcgaata
ttctgagggt
aggtggtgga
ccatcaccta
atgccaccca
actgcacagc

cagtcagagt

sapiens

ttatgatgcc
cagtggaact
taccaagaac
ccagtgtgtt
gaaggtgata
gtctggagag
taagttttac
ggcattttgg
cttcaacaga

cattcttgcecc

19

cagtttgagg
ttgcctattt
tcaaatgatc
gcagataatt
gccceggtgg
gacattgtgc
agagaaaaag
accaagcaga
gccaaccacg

ccatggaaga

tcataaaagg
cttaccaact
ctgcggtatt
gccattccca
atgaggtcca
tgcaatgtgc
agggcaaacc
aggctagcaa
cctccagtgt

aa

acagaccatc
tttaaaaaca
caaagacaac
tgccaaaatg
gatttctatc
tgtgaatgaa
cttctatcaa

ggaacaggag

ccccagaagce

cagtggttat catcggagtg atcattgctc tcttgatcat tgcggcc

sapiens

ttctgaggaa
ttctgaactc
gtcacaatga
tgaactcaga
taggaaagaa

tggaaagcag

sapiens

agccaaggcc
caacaacgag
cgatgtcaga
cgtgcagtac
ggacacagag

atactctaga

aagcagatgc
aaaatgtcag
aaccatgcaa
acggaagttc
acagtgtaca

acggaaggct

cagtggaaat
atcccaatat
tgaaaccaat
aagtgtcctc
gtgaagtccg

cccttgatgg

gtccaggcca
ggaagctaac
aaatgataat
agctgagtct
gaaagctgtc

aact

ccctgcectett gectgcectgecte ctgggactag aaggtcaggg catagttggce

1200

1260

1320

1380

1440

1500

1560

1620

1680

1722

57

60

120

180

240

300

354

60



agcctccctg
aggctccagg
cccctggtgt
gacctgggtg
gagtatggct
aacatactgc
gcattctcag
atccccttga
tttgctgtga
agcagcagag
ccggctgcetg
gacaatacca
gctccatcct
tatgccacag
cagaatccac
<210> 44

<211> 45

<212> DNA
<213> Homo

<400> 44
atgggcctca

<210> 45
<211> 441
<212> DNA
<213> Homo

<400> 45

cagggcatag
gtgcagtgcc
ccggaggggt
cgtacgtttc
gaagaggatg
cacagagtct

agtctggctg

aggtgctgca
atgtcaaagc
cctcagctgt
ggggcctgcet
gcatggtgga
ccccagagga
accctgcagg
tctggggtgce
tggccaagag
tttcaggcat
aattgccttt
cctacaccag
cattgccccce
taatcttccc

ctaacaatca

sapiens

ggcacccgtg
tcagaaggtg
ggatcgcaga
gcaggtggaa
tggggccagg
agaagaagag
cagtgccaac
tgtgctcctg
gaaacaaggg
gaatccctcc
ggatgtacca
cctacctett
tctacctcct

gggagggaac

gactccatcc

20

ggaagctcca
tggtgccggt
gctccagcgg
atggttaccc
gggccccaga
acccataaga
cctttggaac
gtaggtctgc
aacaggcttg
tcagtggtcc
cacattaggc
gattccccat
aaggtcctgg
aagggtggag

agctaa

ttctggtgca
tcttgccgga
gcaggcgtac
tgcaggaaga
ttttgcacag
ttggcagtct
ccagccagga
tggtggcagc
gtgtctgtgg
accacgtcag
ttgactcacc
caggaaaacc
tctgctccaa

ggacctcgtg

ccctgcectett gectgcectgecte ctgggactag aaggt

sapiens

ttggcagcct
actacaggct
gccagcccecct
tcacagacct
ctggcgagta
ctctgaacat

agaacgcatt

ccctgaggtg
ccaggatgtc
ggtgtcctca
gggtgggggc
tggctgcatg
actgccccca

ctcagaccct

ctgcaggcac
aaagctcaga
gctgtggatc
ctgctgcagg
gtggatgggg
gaggaagaag

gcaggcagtg

ccgtgggaag
aggtgtggtg
gcagagctcc
tggaaatggt
ccagggggcece
aagagaccca

ccaacccttt

gtgccactac
ggggtgccag
gtttctcaca
ggatgctggc
agtctctctg
ggctgagaac
tgagaagagc
ggtggtgctg
ccgattcctg
tgactctgga
accttcattt
ttcactccca
gcctgtgaca

tgggccagcc

ctccattctg
ccggttettg
agcgggcagg
taccctgcag
ccagattttg
taagattggc

ggaacccagc

120

180

240

300

360

420

480

540

600

660

720

780

840

900

936

45

60

120

180

240

300

360

420



caggatgaga

<210> 46
<211> 63
<212> DNA
<213> Homo

<400> 46
ttgatctggg
gtg

<210> 47
<211> 384

<212> DNA
<213> Homo

<400> 47
atggccaaga
gtttcaggca
gaattgcctt
acctacacca
tcattgcccce
gtaatcttcc
cctaacaatc
<210> 48
<211> 360

<212> DNA
<213> Homo

<400> 48

gaggtgaagc
acctgcaccg
cccagaaagg
agcgccctga
aagatgaaca
tacggcggca
<210> 49

<211> 54
<212> DNA

agagcatccc

sapiens

C

21

gtgctgtgct cctggtaggt ctgctggtgg cagcggtggt gctgtttgcet

sapiens

ggaaacaagg
tgaatccctc
tggatgtacc
gcctacctcet
ctctacctcc

cgggagggaa

agactccatc

sapiens

tgcaggagag
tgagcggcgt
gcctggagtg
agagcagact
gcctgcagac

gctacgccat

gaacaggctt
ctcagtggtc
acacattagg
tgattcccca
taaggtcctg

caagggtgga

cagc

cggcceccggce
gagcctgccc
gctgggcgtg
gaccatcatc
cgacgacacc

ggactactgg

ggtgtctgtg
caccacgtca
cttgactcac
tcaggaaaac
gtctgctcca

gggacctcgt

ctggtggccc
gactacggcg
atctggggca
aaggacaaca

gccatctact

ggccagggca

gccgattcecct
gtgactctgg
caccttcatt
cttcactccc
agcctgtgac

gtgggccagc

ccagccagag
tgagctggat
gcgagaccac
gcaagagcca
actgcgccaa

ccagcgtgac

gagcagcaga
accggctgcet
tgacaatacc
agctccatcc
atatgccaca

ccagaatcca

cctgagcegtg
cagacagccc
ctactacaac
ggtgttcctg
gcactactac

cgtgagcagc

441

60

63

60

120

180

240

300

360

384

60

120

180

240

300

360



<213> Homo

<400> 49
ggcagcacca

<210> 50
<211> 321
<212> DNA
<213> Homo

<400> 50
gacatccaga
atcagctgca
gacggcaccg
agattcagcg
gaggacatcg
ggcaccaagc
<210> 51
<211> 36

<212> DNA
<213> Homo

<400> 51
gaatctaagt

<210> 52
<211> 348
<212> DNA
<213> Homo

<400> 52
ctccgacatc
catcctgcag
ccagctgccg
gatggggtgg
gcccagctge
agggaacctc
<210> 53
<211> 15

<212> DNA
<213> Homo

sapiens

22

gcggcagcgg caagcccggc agcggcgagg gcagcaccaa gggc

sapiens

tgacccagac
gagccagcca
tgaagctgct
gcagcggceag
ccacctactt

tggagatcac

sapiens

caccagcagc
ggacatcagc
gatctaccac
cggcaccgac
ctgccagcag

C

ctgagcgcca
aagtacctga
accagcagac
tacagcctga

ggcaacaccc

acggaccgcc ctgcccccect tgceccect

sapiens

gacgtcaggg

gggctgtggg

acgcccagga
agatggacac
acagcttgac

cagctgagcc

sapiens

caaacactgg
gccagagccce
agaaaacctc
tcgggctgcet
cctcagacgg

cagcatctac

acatcgaccc
acagacagag
tatgctgccg
gcatctgaag
aaggcaactg

gccaccctgg

gcctgggcga
actggtacca
tgcacagcgg
ccatcagcaa

tgccctacac

agagaaaggc
gcctgcagtg
tgaaggacac
ccccccagga
agcctcctcce

ccatccac

cagagtgacc
gcagaagccc
cgtgcccagce
cctggagcag

cttcggecggce

tgatttccaa
gaggtccagc
acagcctgaa
tgtgacctac

atcccaggaa

54

60

120

180

240

300

321

36

60

120

180

240

300

348



<400> 53
tctgtcatgce

<210> 54
<211> 15
<212> DNA
<213> Homo

<400> 54
tcttcaccaa

<210> 55
<211> 15
<212> DNA
<213> Homo

<400> 55
cagtactaca

<210> 56
<211> 20
<212> DNA

23

agcgc

sapiens

tgggg

sapiens

ccaag

<213> Artificial Sequence

<220>

<223> grnal HPS1 1r

<400> 56
ggggtgaatc

<210> 57
<211> 20
<212> DNA

agtcgctcca

<213> Artificial Sequence

<220>

<223> grnaZ HPS1 2

<400> 57
gtcaacacca

<210> 58
<211> 20
<212> DNA

gccccgagceg

<213> Artificial Sequence

<220>

<223> grna3 HPS1 3

15

15

15

20

20



24

<400> 58
gctggagcgg cacgtcatcc

<210> 59

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnad4 HPS1 4r

<400> 59
cttggagtgc acgagcagga

<210> 60

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnab5 ITGA2B 1r

<400> 60
cagtagccgt cgaagtactc

<210> 61

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna6 ITGA2B 2

<400> 61
attttctcga gttaccgccc

<210> 62

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna’7 ITGA2B 3r

<400> 62
ctcgagaaaa tatccgcaac

<210> 63

<211> 20

<212> DNA

<213> Artificial Sequence

20

20

20

20

20



25

<220>
<223> grna8 ITGAZ2B 4r

<400> 63
gggaggacac gtgccacaaa

<210> 64

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna9% GP6 1

<400> 064
gggcgtggac ctgtaccgcc

<210> 65

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal0 GP6 2r

<400> 65
acgagctcca gctggtcgct

<210> 66

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnall GP6 3r

<400> 66
cggaggtccc tggcaccgga

<210> 67

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal2 GP6 4
<400> 67

ccagtgaccc tccggtgcecca

<210> 68

20

20

20

20

20



26

<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> grnal3 Parl 1r

<400> 68
ggagctggtc aaatatccgg

<210> 69

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal4 Parl 2r

<400> 69
ttcctgagaa gaaatgaccg

<210> 70

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal5 Parl 3r

<400> 70
acactccggt gtacacagat

<210> 71

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal6 Parl 4r

<400> 71
acgatggcca tgatgtttag

<210> 72

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal7 Pard 1r

<400> 72

20

20

20

20



27

acttggcctg ggtagccgcg

<210> 73

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal8 Pard 2

<400> 73
ggtgcccgcecce ctctatggge

<210> 74

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnal9 pard 3

<400> 74
tggtggggct gccggccaat

<210> 75

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna20 Pard 4r

<400> 75
agcagtgccc gtgagctgtce

<210> 76

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna2l Coxl 1

<400> 76
acttctggca agatgggtcc

<210> 77

<211> 20

<212> DNA

<213> Artificial Sequence

20

20

20

20

20



28

<220>
<223> grna22 Coxl 2

<400> 77
tcaccaaggc cttgggccat

<210> 78

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna23 Coxl 3r

<400> 78
tgtctccata aatgtggccg

<210> 79

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna24 Coxl 4

<400> 79
aactgcggct ctttaaggat

<210> 80

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna29 P2Y12 1r

<400> 80
gtagtctctg gtgcacagac

<210> 81

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna30_P2Y12 2r
<400> 81

gaaagaaaat cctcatcgcc

<210> 82
<211> 20

20

20

20

20

20



29

<212> DNA
<213> Artificial Sequence

<220>
<223> grna3l_P2Y12 3

<400> 82
attcttagtg atgccaaact

<210> 83

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna32 P2Y12 4r

<400> 83
gatcgatagt tatcagtccc

<210> 84

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna40 B2M Ir

<400> 84
aagtcaactt caatgtcgga

<210> 85

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna4l B2M 2r

<400> 85
agtcacatgg ttcacacggc

<210> 86

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grnad2 B2M 3

<400> 86
acttgtcttt cagcaaggac

20

20

20

20

20



30

<210> 87

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> grna43 B2M 4

<400> 87
tcacgtcatc cagcagagaa

<210> 88

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> RocOl sHPS1 F1

<400> 88
atctggtgca gagtccaagc

<210> 89

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> RocOZ sHPS1 RI1

<400> 89
tggaggaggt gattcttggc

<210> 90

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> RocO3 ITGAZ2B F1

<400> 90
ggctcctggc ggctattatt

<210> 91

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

20

20

20

20



<223> RocO4 ITGA2B R1

<400> 91
cttaggcggt gggttggce

<210> 92

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> RocO5 GP6 F1

<400> 92
agcagcgggg tccagg

<210> 93

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> RocO6 GP6 R1

<400> 93
cgtggcacca ccaccc

<210> 94

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> RocO7 Parl F1

<400> 94
acccactctc ctagtaagaa aacat

<210> 95

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> RocO8 Parl R1

<400> 95
caaactgcca atcactgccg

<210> 96
<211> 20
<212> DNA

31

18

16

16

25

20



<213> Artificial Sequence

<220>
<223> Roc09 Par4d F1

<400> 96
atgtccagct gtttcccacc

<210> 97

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> RocO10 Par4 R1

<400> 97
gcaggtggta ggcgatcc

<210> 98

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> RocOll Coxl F1

<400> 98
ccaaccaggg aagaagcagt

<210> 99

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Roc012 Coxl R1

<400> 99
tggcacaagc ttcccactc

<210> 100

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> RocO15 P2Y12 F1

<400> 100
gaggaggctg tgtccaaaaa

32

20

18

20

19

20



<210> 101
<211> 20
<212> DNA

<213>

<220>

<223>

<400> 101
ggctgcctgt tggtcagaat

<210> 102
<211> 20
<212> DNA

<213>

<220>

<223>

<400> 102
tgacaccaag ttagccccaa

<210> 103
<211> 20
<212> DNA

<213>

<220>

<223>

<400> 103
gggatgggac tcattcaggg

<210> 104
<211> 514
<212> PRT

<213>

<220>

<223>

<400> 104

Met
1
Ala

Ser
Lys
Phe

65
Asp

Ile Pro
Ala Glu

Gly Gly
35

Ile Gln

50

Leu Asn

Leu Leu

Ala
Leu
20

Gly
Val

Cys

Lys

Roc058 B2M F1

Roc059 B2M R1

Val
5

Ala
Gly
Tyr

Tyr

Asn

RocO16_P2Y12 R1

Val
Gly
Ser
Ser
Val

70
Gly

Artificial Sequence

Artificial Sequence

Artificial Sequence

Artificial Sequence

Leu
Ile
Gly
Arg
55

Ser

Glu

Leu
Gly
Gly
40

His
Gly

Arg

Leu
Ile
25

Gly
Pro

Phe

Ile

33

Leu
10

Leu
Gly
Ala
His

Glu

Leu
Thr
Ser
Glu
Pro

75
Lys

MART1 B2M HLA-A*0201 FCERG-TM FCERG-CYTO

Leu
Val
Ile
Asn
60

Ser

Val

Val
Gly
Gln
45

Gly

Asp

Glu

Glu
Cys
30

Arg
Lys

Ile

His

Gln
15

Gly
Thr
Ser

Glu

Ser

Ala
Gly
Pro
Asn
Val

80
Asp

20

20

20



Leu
Phe
Thr
Gly
145
Gly
Pro
Thr
Pro
Glu
225
Gly
Val
Arg
Lys
Thr
305
Tyr
Gly
His
Ser
Asp
385
Gly
Gln
Thr
Glu
Ile
465
Ala

Ser

Pro

<210>
<211>
<212>
<213>

Ser
Thr
Leu
130
Gly
Ser
Gly
Gln
Arg
210
Thr
Thr
Gln
Gly
Glu
290
Lys
Leu
Lys
His
Phe
370
Gln
Thr
Arg
Leu
Pro
450
Val
Ala

Thr

Gln

Phe
Pro
115
Ser
Ser
Gly
Arg
Phe
195
Ala
Arg
Leu
Arg
Tyr
275
Asp
His
Glu
Glu
Ala
355
Tyr
Thr
Phe
Tyr
Arg
435
Gln
Leu

Ile

Arg

105
551
PRT
Artificial Sequence

Ser
100
Thr
Gln
Gly
Ser
Gly
180
Val
Pro
Lys
Arg
Met
260
His
Leu
Lys
Gly
Thr
340
Val
Pro
Gln
Gln
Thr
420
Trp
Leu
Thr

Thr

Asn
500

85
Lys

Glu
Pro
Gly
His
165
Glu
Arg
Trp
Val
Gly
245
Tyr
Gln
Arg
Trp
Thr
325
Leu
Ser
Ala
Asp
Lys
405
Cys
Glu
Cys
Leu
Ser

485
Gln

Asp
Lys
Lys
Gly
150
Ser
Pro
Phe
Ile
Lys
230
Cys
Gly
Tyr
Ser
Glu
310
Cys
Gln
Asp
Glu
Thr
390
Trp
His
Pro
Tyr
Leu
470

Tyr

Glu

Trp
Asp
Ile
135
Gly
Met
Arg
Asp
Glu
215
Ala
Tyr
Cys
Ala
Trp
295
Ala
Val
Arg
His
Ile
375
Glu
Ala
Val
Ser
Ile
455
Tyr

Glu

Thr

Ser
Glu
120
Val
Ser
Arg
Phe
Ser
200
Gln
His
Asn
Asp
Tyr
280
Thr
Ala
Glu
Thr
Glu
360
Thr
Leu
Ala
Gln
Ser
440
Leu
Cys

Lys

Tyr

Phe
105
Tyr
Lys
Gly
Tyr
Ile
185
Asp
Glu
Ser
Gln
Val
265
Asp
Ala
His
Trp
Asp
345
Ala
Leu
Val
Val
His
425
Gln
Asp
Arg

Ser

Glu
505

34

90
Tyr

Ala
Trp
Gly
Phe
170
Ala
Ala
Gly
Gln
Ser
250
Gly
Gly
Ala
Val
Leu
330
Ala
Thr
Thr
Glu
Val
410
Glu
Pro
Ala
Leu
Asp

490
Thr

Leu
Cys
Asp
Gly
155
Phe
Val
Ala
Pro
Thr
235
Glu
Ser
Lys
Asp
Ala
315
Arg
Pro
Leu
Trp
Thr
395
Val
Gly
Thr
Ile
Lys
475
Gly

Leu

Leu
Arg
Arg
140
Gly
Thr
Gly
Ser
Glu
220
His
Ala
Asp
Asp
Met
300
Glu
Arg
Lys
Arg
Gln
380
Arg
Pro
Leu
Ile
Leu
460
Ile

Val

Lys

Tyr
Val
125
Asp
Ser
Ser
Tyr
Gln
205
Tyr
Arg
Gly
Trp
Tyr
285
Ala
Gln
Tyr
Thr
Cys
365
Arg
Pro
Ser
Pro
Pro
445
Phe
Gln

Tyr

His

Tyr
110
Asn
Met
Gly
Val
Val
190
Arg
Trp
Val
Ser
Arg
270
Ile
Ala
Leu
Leu
His
350
Trp
Asp
Ala
Gly
Lys
430
Ile
Leu
Val

Thr

Glu
510

95
Thr

His
Gly
Gly
Ser
175
Asp
Met
Asp
Asp
His
255
Phe
Ala
Gln
Arg
Glu
335
Met
Ala
Gly
Gly
Gln
415
Pro
Leu
Tyr
Arg
Gly

495
Lys

Glu
Val
Gly
Gly
160
Arg
Asp
Glu
Gly
Leu
240
Thr
Leu
Leu
Thr
Ala
320
Asn
Thr
Leu
Glu
Asp
400
Glu
Leu
Gly
Gly
Lys
480

Leu

Pro



<220>
<223> MART1 B2M HLA-A*0201 FCGR2A-TM FCGR2A-CYTO

<400> 105

Met
1
Ala
Ser
Lys
Phe
65
Asp
Leu
Phe
Thr
Gly
145
Gly
Pro
Thr
Pro
Glu
225
Gly
Val
Arg
Lys
Thr
305
Tyr
Gly
His
Ser
Asp
385
Gly
Gln

Thr

Ile
Ala
Gly
Ile
50

Leu
Leu
Ser
Thr
Leu
130
Gly
Ser
Gly
Gln
Arg
210
Thr
Thr
Gln
Gly
Glu
290
Lys
Leu
Lys
His
Phe
370
Gln
Thr

Arg

Leu

Pro
Glu
Gly
35

Gln
Asn
Leu
Phe
Pro
115
Ser
Ser
Gly
Arg
Phe
195
Ala
Arg
Leu
Arg
Tyr
275
Asp
His
Glu
Glu
Ala
355
Tyr
Thr
Phe

Tyr

Arg
435

Ala
Leu
20

Gly
Val
Cys
Lys
Ser
100
Thr
Gln
Gly
Ser
Gly
180
Val
Pro
Lys
Arg
Met
260
His
Leu
Lys
Gly
Thr
340
Val
Pro
Gln
Gln
Thr

420
Trp

Val
5
Ala
Gly
Tyr
Tyr
Asn
85
Lys
Glu
Pro
Gly
His
165
Glu
Arg
Trp
Val
Gly
245
Tyr
Gln
Arg
Trp
Thr
325
Leu
Ser
Ala
Asp
Lys
405
Cys

Glu

Val
Gly
Ser
Ser
Val
70

Gly
Asp
Lys
Lys
Gly
150
Ser
Pro
Phe
Ile
Lys
230
Cys
Gly
Tyr
Ser
Glu
310
Cys
Gln
Asp
Glu
Thr
390
Trp
His

Pro

Leu
Ile
Gly
Arg
55

Ser
Glu
Trp
Asp
Ile
135
Gly
Met
Arg
Asp
Glu
215
Ala
Tyr
Cys
Ala
Trp
295
Ala
Val
Arg
His
Ile
375
Glu
Ala

Val

Ser

Leu
Gly
Gly
40

His
Gly
Arg
Ser
Glu
120
Val
Ser
Arg
Phe
Ser
200
Gln
His
Asn
Asp
Tyr
280
Thr
Ala
Glu
Thr
Glu
360
Thr
Leu
Ala

Gln

Ser
440

Leu
Ile
25

Gly
Pro
Phe
Ile
Phe
105
Tyr
Lys
Gly
Tyr
Ile
185
Asp
Glu
Ser
Gln
Val
265
Asp
Ala
His
Trp
Asp
345
Ala
Leu
Val
Val
His

425
Gln

35

Leu
10

Leu
Gly
Ala
His
Glu
90

Tyr
Ala
Trp
Gly
Phe
170
Ala
Ala
Gly
Gln
Ser
250
Gly
Gly
Ala
Val
Leu
330
Ala
Thr
Thr
Glu
Val
410
Glu

Pro

Leu
Thr
Ser
Glu
Pro
75

Lys
Leu
Cys
Asp
Gly
155
Phe
Val
Ala
Pro
Thr
235
Glu
Ser
Lys
Asp
Ala
315
Arg
Pro
Leu
Trp
Thr
395
Val

Gly

Thr

Leu
Val
Ile
Asn
60

Ser
Val
Leu
Arg
Arg
140
Gly
Thr
Gly
Ser
Glu
220
His
Ala
Asp
Asp
Met
300
Glu
Arg
Lys
Arg
Gln
380
Arg
Pro

Leu

Ile

Val
Gly
Gln
45

Gly
Asp
Glu
Tyr
Val
125
Asp
Ser
Ser
Tyr
Gln
205
Tyr
Arg
Gly
Trp
Tyr
285
Ala
Gln
Tyr
Thr
Cys
365
Arg
Pro
Ser

Pro

Pro
445

Glu
Cys
30

Arg
Lys
Ile
His
Tyr
110
Asn
Met
Gly
Val
Val
190
Arg
Trp
Val
Ser
Arg
270
Ile
Ala
Leu
Leu
His
350
Trp
Asp
Ala
Gly
Lys

430
Ile

Gln
15

Gly
Thr
Ser
Glu
Ser
95

Thr
His
Gly
Gly
Ser
175
Asp
Met
Asp
Asp
His
255
Phe
Ala
Gln
Arg
Glu
335
Met
Ala
Gly
Gly
Gln
415

Pro

Ser

Ala
Gly
Pro
Asn
Val
80

Asp
Glu
Val
Gly
Gly
160
Arg
Asp
Glu
Gly
Leu
240
Thr
Leu
Leu
Thr
Ala
320
Asn
Thr
Leu
Glu
Asp
400
Glu

Leu

Ser



Met
450
Val

Pro Gly

Ile
465
Ser

Ala

Ala Asn

Gly Arg Gln

Asn Asp Tyr

515

Ala Pro Thr
530

Asp His Val

545

<210>
<211>
<212>
<213>

106
551
PRT

<220>
<223>

<400> 106
Met Ile Pro
1
Ala

Ala Glu

Ser Gly Gly
35
Ile Gln
50

Leu

Lys

Phe
65
Asp

Asn

Leu Leu

Leu Ser Phe

Phe Thr Pro

115

Thr Leu Ser
130

Gly Gly

145

Gly

Ser

Ser Gly

Pro Gly Arg

Thr Gln Phe

195

Pro Arg Ala
210

Glu Thr

225

Gly

Arg

Thr Leu

Val Gln Arg

Arg Gly Tyr

275

Ile
Ala
Ser
Met
500
Glu

Asp

Asn

Ala
Leu
20

Gly
Val
Cys
Lys
Ser
100
Thr
Gln
Gly
Ser
Gly
180
Val
Pro
Lys
Arg
Met

260
His

Ile
Val
Thr
485
Ile
Thr

Asp

Ser

Val
5
Ala
Gly
Tyr
Tyr
Asn
85
Lys
Glu
Pro
Gly
His
165
Glu
Arg
Trp
Val
Gly
245

Tyr

Gln

Val
Val
470
Asp
Ala
Ala

Asp

Asn
550

Val
Gly
Ser
Ser
Val
70

Gly
Asp
Lys
Lys
Gly
150
Ser
Pro
Phe
Ile
Lys
230
Cys

Gly

Tyr

Ala Val Vval
455
Ala Leu Ile

Pro Val Lys

Ile Arg Lys
505
Asp Gly Gly
520
Lys Asn Ile
535
Asn

Artificial Sequence

Leu Leu Leu

Ile Gly Ile
25
Gly Gly Gly
40
Arg His Pro
55
Ser Gly Phe

Glu Arg Ile

Trp Ser Phe
105
Asp Glu Tyr
120
Ile Val Lys
135
Gly Ser Gly

Met Arg Tyr

Arg Phe Ile
185
Asp Ser Asp
200
Glu Gln Glu
215
Ala His Ser

Tyr Asn Gln

Cys Asp Val

265

Ala Tyr Asp
280

36

Ile
Tyr
Ala
490
Arg

Tyr

Tyr

Leu
10

Leu
Gly
Ala
His
Glu
90

Tyr
Ala
Trp
Gly
Phe
170
Ala
Ala
Gly
Gln
Ser
250
Gly

Gly

Ala
Cys
475
Ala
Gln

Met

Leu

Leu
Thr
Ser
Glu
Pro
75

Lys
Leu
Cys
Asp
Gly
155
Phe
Val
Ala
Pro
Thr
235
Glu

Ser

Lys

Thr
460
Arg
Gln
Leu

Thr

Thr
540

MART1 B2M HLA-A*0201 HLA-TM FCERG-CYTO

Leu
Val
Ile
Asn
60

Ser
Val
Leu
Arg
Arg
140
Gly
Thr
Gly
Ser
Glu
220
His
Ala

Asp

Asp

Ala
Lys
Phe
Glu
Leu

525
Leu

Val
Gly
Gln
45

Gly
Asp
Glu
Tyr
Val
125
Asp
Ser
Ser
Tyr
Gln
205
Tyr
Arg
Gly

Trp

Tyr
285

Val
Lys
Glu
Glu
510

Asn

Pro

Glu
Cys
30

Arg
Lys
Ile
His
Tyr
110
Asn
Met
Gly
Val
Val
190
Arg
Trp
Val
Ser
Arg

270
Ile

Ala
Arg
Pro
495
Thr

Pro

Pro

Gln
15

Gly
Thr
Ser
Glu
Ser
95

Thr
His
Gly
Gly
Ser
175
Asp
Met
Asp
Asp
His
255

Phe

Ala

Ala
Ile
480
Pro
Asn

Arg

Asn

Ala
Gly
Pro
Asn
Val
80

Asp
Glu
Val
Gly
Gly
160
Arg
Asp
Glu
Gly
Leu
240
Thr

Leu

Leu



Glu
290
Lys

Lys Asp
Thr
305
Tyr

His

Leu Glu

Gly Lys Glu
Ala
355

Tyr

His His
Phe
370
Gln

Ser

Asp Thr

385
Gly

Thr Phe

Gln Arg Tyr

Thr Leu Arg

435

Ile Ile Ala
450

Val Ala

465

Lys

Ala

Asp Arg

Ala Gln Gly

Ile Gln Val

515

Val Tyr Thr
530

Lys His Glu

545

<210>
<211>
<212>
<213>

107
586
PRT

<220>
<223>

<400> 107
Met Ile Pro
1
Ala

Ala Glu

Ser Gly Gly
35
Ile Gln
50

Leu

Lys

Phe
65
Asp

Asn

Leu Leu

Leu Ser Phe

Phe Thr Pro

115

Leu
Lys
Gly
Thr
340
Val
Pro
Gln
Gln
Thr
420
Trp
Gly
Val
Lys
Ser
500
Arg

Gly

Lys

Ala
Leu
20

Gly
Val
Cys
Lys
Ser

100
Thr

Arg
Trp
Thr
325
Leu
Ser
Ala
Asp
Lys
405
Cys
Glu
Leu
Met
Gly
485
Asp
Lys

Leu

Pro

Val
5
Ala
Gly
Tyr
Tyr
Asn
85
Lys

Glu

Ser
Glu
310
Cys
Gln
Asp
Glu
Thr
390
Trp
His
Pro
Val
Trp
470
Gly
Val
Ala

Ser

Pro
550

Val
Gly
Ser
Ser
Val
70

Gly

Asp

Lys

Trp Thr Ala
295
Ala Ala His

Val Glu Trp

Arg Thr Asp
345
His Glu Ala
360
Ile Thr Leu
375
Glu Leu Val

Ala Ala Val

Val Gln His
425
Ser Ser Gln
440
Leu Phe Gly
455
Arg Arg Lys

Ser Tyr Thr

Ser Leu Thr
505
Ala Ile Thr
520
Thr Arg Asn
535
Gln

Artificial Sequence

Leu Leu Leu

Ile Gly Ile
25
Gly Gly Gly
40
Arg His Pro
55
Ser Gly Phe

Glu Arg Ile

Trp Ser Phe

105

Asp Glu Tyr
120

37

Ala
Val
Leu
330
Ala
Thr
Thr
Glu
Val
410
Glu
Pro
Ala
Ser
Gln
490
Ala

Ser

Gln

Leu
10
Leu

Gly
Ala
His
Glu
90

Tyr

Ala

Asp
Ala
315
Arg
Pro
Leu
Trp
Thr
395
Val
Gly
Thr
Val
Ser
475
Ala
Cys

Tyr

Glu

Leu
Thr
Ser
Glu
Pro
75

Lys

Leu

Cys

Met
300
Glu
Arg
Lys
Arg
Gln
380
Arg
Pro
Leu
Ile
Ile
460
Gly
Ala
Lys

Glu

Thr
540

MART1 B2M HLA-A*0201 HLA-TM FCGR2A-CYTO

Leu
Val
Ile
Asn
60

Ser
Val

Leu

Arg

Ala
Gln
Tyr
Thr
Cys
365
Arg
Pro
Ser
Pro
Pro
445
Thr
Gly
Ser
Val
Lys

525
Tyr

Val
Gly
Gln
45

Gly
Asp
Glu

Tyr

Val
125

Ala
Leu
Leu
His
350
Trp
Asp
Ala
Gly
Lys
430
Ile
Gly
Glu
Ser
Arg
510

Ser

Glu

Glu
Cys
30

Arg
Lys
Ile
His
Tyr

110
Asn

Gln
Arg
Glu
335
Met
Ala
Gly
Gly
Gln
415
Pro
Val
Ala
Gly
Asp
495
Leu

Asp

Thr

Gln
15

Gly
Thr
Ser
Glu
Ser
95

Thr

His

Thr
Ala
320
Asn
Thr
Leu
Glu
Asp
400
Glu
Leu
Gly
Val
Val
480
Ser
Lys

Gly

Leu

Ala
Gly
Pro
Asn
Val
80

Asp

Glu

Val



Thr
Gly
145
Gly
Pro
Thr
Pro
Glu
225
Gly
Val
Arg
Lys
Thr
305
Tyr
Gly
His
Ser
Asp
385
Gly
Gln
Thr
Ile
Val
465
Lys
Ala
Lys
Glu
Glu
545

Asn

Pro

Leu
130
Gly
Ser
Gly
Gln
Arg
210
Thr
Thr
Gln
Gly
Glu
290
Lys
Leu
Lys
His
Phe
370
Gln
Thr
Arg
Leu
Ile
450
Ala
Asp
Gln
Arg
Pro
530
Thr

Pro

Pro

Ser
Ser
Gly
Arg
Phe
195
Ala
Arg
Leu
Arg
Tyr
275
Asp
His
Glu
Glu
Ala
355
Tyr
Thr
Phe
Tyr
Arg
435
Ala
Ala
Arg
Gly
Ile
515
Pro
Asn

Arg

Asn

<210> 108
<211> 513

Gln
Gly
Ser
Gly
180
Val
Pro
Lys
Arg
Met
260
His
Leu
Lys
Gly
Thr
340
Val
Pro
Gln
Gln
Thr
420
Trp
Gly
Val
Lys
Ser
500
Ser
Gly
Asn

Ala

Asp
580

Pro
Gly
His
165
Glu
Arg
Trp
Val
Gly
245
Tyr
Gln
Arg
Trp
Thr
325
Leu
Ser
Ala
Asp
Lys
405
Cys
Glu
Leu
Met
Gly
485
Asp
Ala
Arg
Asp
Pro

565
His

Lys
Gly
150
Ser
Pro
Phe
Ile
Lys
230
Cys
Gly
Tyr
Ser
Glu
310
Cys
Gln
Asp
Glu
Thr
390
Trp
His
Pro
Val
Trp
470
Gly
Val
Asn
Gln
Tyr
550

Thr

Val

Ile
135
Gly
Met
Arg
Asp
Glu
215
Ala
Tyr
Cys
Ala
Trp
295
Ala
Val
Arg
His
Ile
375
Glu
Ala
Val
Ser
Leu
455
Arg
Ser
Ser
Ser
Met
535
Glu

Asp

Asn

Val
Ser
Arg
Phe
Ser
200
Gln
His
Asn
Asp
Tyr
280
Thr
Ala
Glu
Thr
Glu
360
Thr
Leu
Ala
Gln
Ser
440
Phe
Arg
Tyr
Leu
Thr
520
Ile
Thr

Asp

Ser

Lys
Gly
Tyr
Ile
185
Asp
Glu
Ser
Gln
Val
265
Asp
Ala
His
Trp
Asp
345
Ala
Leu
Val
Val
His
425
Gln
Gly
Lys
Thr
Thr
505
Asp
Ala
Ala

Asp

Asn
585

38

Trp
Gly
Phe
170
Ala
Ala
Gly
Gln
Ser
250
Gly
Gly
Ala
Val
Leu
330
Ala
Thr
Thr
Glu
Val
410
Glu
Pro
Ala
Ser
Gln
490
Ala
Pro
Ile
Asp
Lys

570
Asn

Asp
Gly
155
Phe
Val
Ala
Pro
Thr
235
Glu
Ser
Lys
Asp
Ala
315
Arg
Pro
Leu
Trp
Thr
395
Val
Gly
Thr
Val
Ser
475
Ala
Cys
Val
Arg
Gly

555
Asn

Arg
140
Gly
Thr
Gly
Ser
Glu
220
His
Ala
Asp
Asp
Met
300
Glu
Arg
Lys
Arg
Gln
380
Arg
Pro
Leu
Ile
Ile
460
Gly
Ala
Lys
Lys
Lys
540
Gly

Ile

Asp
Ser
Ser
Tyr
Gln
205
Tyr
Arg
Gly
Trp
Tyr
285
Ala
Gln
Tyr
Thr
Cys
365
Arg
Pro
Ser
Pro
Pro
445
Thr
Gly
Ser
Val
Ala
525
Arg

Tyr

Tyr

Met
Gly
Val
Val
190
Arg
Trp
Val
Ser
Arg
270
Ile
Ala
Leu
Leu
His
350
Trp
Asp
Ala
Gly
Lys
430
Ile
Gly
Glu
Ser
Cys
510
Ala
Gln

Met

Leu

Gly
Gly
Ser
175
Asp
Met
Asp
Asp
His
255
Phe
Ala
Gln
Arg
Glu
335
Met
Ala
Gly
Gly
Gln
415
Pro
Val
Ala
Gly
Asp
495
Arg
Gln
Leu

Thr

Thr
575

Gly
Gly
160
Arg
Asp
Glu
Gly
Leu
240
Thr
Leu
Leu
Thr
Ala
320
Asn
Thr
Leu
Glu
Asp
400
Glu
Leu
Gly
Val
Val
480
Ser
Lys
Phe
Glu
Leu

560
Leu



39

<212> PRT
<213> Artificial Sequence

<220>
<223> NYESOl B2M HLA-A*0201 FCERG-TM FCERG-CYTO

<400> 108
Met Ile Pro Ala Val Val Leu Leu Leu Leu Leu Leu Val Glu Gln Ala
1 5 10 15
Ala Ala Ser Leu Leu Met Trp Ile Thr Gln Cys Gly Cys Gly Gly Ser
20 25 30
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ile Gln Arg Thr Pro Lys
35 40 45
Ile Gln Val Tyr Ser Arg His Pro Ala Glu Asn Gly Lys Ser Asn Phe
50 55 60
Leu Asn Cys Tyr Val Ser Gly Phe His Pro Ser Asp Ile Glu Val Asp
65 70 75 80
Leu Leu Lys Asn Gly Glu Arg Ile Glu Lys Val Glu His Ser Asp Leu
85 90 95
Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu Leu Tyr Tyr Thr Glu Phe
100 105 110
Thr Pro Thr Glu Lys Asp Glu Tyr Ala Cys Arg Val Asn His Val Thr
115 120 125
Leu Ser Gln Pro Lys Ile Val Lys Trp Asp Arg Asp Met Gly Gly Gly
130 135 140
Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
145 150 155 160
Ser Gly Ser His Ser Met Arg Tyr Phe Phe Thr Ser Val Ser Arg Pro
165 170 175
Gly Arg Gly Glu Pro Arg Phe Ile Ala Val Gly Tyr Val Asp Asp Thr
180 185 190
Gln Phe Val Arg Phe Asp Ser Asp Ala Ala Ser Gln Arg Met Glu Pro
195 200 205
Arg Ala Pro Trp Ile Glu Gln Glu Gly Pro Glu Tyr Trp Asp Gly Glu
210 215 220
Thr Arg Lys Val Lys Ala His Ser Gln Thr His Arg Val Asp Leu Gly
225 230 235 240
Thr Leu Arg Gly Cys Tyr Asn Gln Ser Glu Ala Gly Ser His Thr Val
245 250 255
Gln Arg Met Tyr Gly Cys Asp Val Gly Ser Asp Trp Arg Phe Leu Arg
260 265 270
Gly Tyr His Gln Tyr Ala Tyr Asp Gly Lys Asp Tyr Ile Ala Leu Lys
275 280 285
Glu Asp Leu Arg Ser Trp Thr Ala Ala Asp Met Ala Ala Gln Thr Thr
290 295 300
Lys His Lys Trp Glu Ala Ala His Val Ala Glu Gln Leu Arg Ala Tyr
305 310 315 320
Leu Glu Gly Thr Cys Val Glu Trp Leu Arg Arg Tyr Leu Glu Asn Gly
325 330 335
Lys Glu Thr Leu Gln Arg Thr Asp Ala Pro Lys Thr His Met Thr His
340 345 350
His Ala Val Ser Asp His Glu Ala Thr Leu Arg Cys Trp Ala Leu Ser
355 360 365
Phe Tyr Pro Ala Glu Ile Thr Leu Thr Trp Gln Arg Asp Gly Glu Asp
370 375 380
Gln Thr Gln Asp Thr Glu Leu Val Glu Thr Arg Pro Ala Gly Asp Gly
385 390 395 400
Thr Phe Gln Lys Trp Ala Ala Val Val Val Pro Ser Gly Gln Glu Gln
405 410 415
Arg Tyr Thr Cys His Val Gln His Glu Gly Leu Pro Lys Pro Leu Thr



Leu
Pro
Val
465
Ala

Thr

Gln

<210>
<211>
<212>
<213>

Arg
Gln
450
Leu

Ile

Arg

<220>

<223>

Trp
435
Leu
Thr
Thr

Asn

109
550
PRT
Artificial Sequence

<400> 109
Met Ile Pro

1
Ala

Gly
Ile
Leu
65

Leu
Ser
Thr
Leu
Gly
145
Ser
Gly
Gln
Arg
Thr
225
Thr
Gln

Gly

Glu

Ala
Gly
Gln
50

Asn
Leu
Phe
Pro
Ser
130
Ser
Gly
Arg
Phe
Ala
210
Arg
Leu
Arg

Tyr

Asp

Ser
Gly
35

Val
Cys
Lys
Ser
Thr
115
Gln
Gly
Ser
Gly
Val
195
Pro
Lys
Arg
Met
His

275
Leu

420
Glu

Cys
Leu
Ser

Gln
500

Ala
Leu
20

Gly
Tyr
Tyr
Asn
Lys
100
Glu
Pro
Gly
His
Glu
180
Arg
Trp
Val
Gly
Tyr
260
Gln

Arg

Pro
Tyr
Leu
Tyr

485
Glu

Val
5
Leu
Ser
Ser
Val
Gly
85
Asp
Lys
Lys
Gly
Ser
165
Pro
Phe
Ile
Lys
Cys
245
Gly

Tyr

Ser

Ser
Ile
Tyr
470
Glu

Thr

Val
Met
Gly
Arg
Ser
70

Glu
Trp
Asp
Ile
Gly
150
Met
Arg
Asp
Glu
Ala
230
Tyr
Cys

Ala

Trp

Ser
Leu
455
Cys
Lys

Tyr

Leu
Trp
Gly
His
55

Gly
Arg
Ser
Glu
Val
135
Ser
Arg
Phe
Ser
Gln
215
His
Asn
Asp

Tyr

Thr

Gln
440
Asp
Arg

Ser

Glu

Leu
Ile
Gly
40

Pro
Phe
Ile
Phe
Tyr
120
Lys
Gly
Tyr
Ile
Asp
200
Glu
Ser
Gln
Val
Asp

280
Ala

40

425
Pro Thr

Ala Ile
Leu Lys

Asp Gly

490
Thr Leu
505

Leu Leu
10

Thr Gln

25

Gly Ser

Ala Glu
His Pro

Glu Lys
90

Tyr Leu

105

Ala Cys

Trp Asp
Gly Gly

Phe Phe
170

Ala Val

185

Ala Ala

Gly Pro

Gln Thr

Ser Glu
250

Gly Ser

265

Gly Lys

Ala Asp

Ile
Leu
Ile
475
Val

Lys

Leu
Cys
Ile
Asn
Ser
75

Val
Leu
Arg
Arg
Gly
155
Thr
Gly
Ser
Glu
His
235
Ala
Asp

Asp

Met

Pro
Phe
460
Gln
Tyr

His

Leu
Gly
Gln
Gly
60

Asp
Glu
Tyr
Val
Asp
140
Ser
Ser
Tyr
Gln
Tyr
220
Arg
Gly
Trp

Tyr

Ala

Ile
445
Leu
Val
Thr

Glu

NYESOl B2M HLA-A*0201 FCGR2A-TM FCGR2A-CYTO

Val
Cys
Arg
45

Lys
Ile
His
Tyr
Asn
125
Met
Gly
Val
Val
Arg
205
Trp
Val
Ser
Arg
Ile

285
Ala

430
Leu

Tyr
Arg
Gly

Lys
510

Glu
Gly
30

Thr
Ser
Glu
Ser
Thr
110
His
Gly
Gly
Ser
Asp
190
Met
Asp
Asp
His
Phe
270

Ala

Gln

Gly
Gly
Lys
Leu

495
Pro

Gln
15

Gly
Pro
Asn
Val
Asp
95

Glu
Val
Gly
Gly
Arg
175
Asp
Glu
Gly
Leu
Thr
255
Leu

Leu

Thr

Glu
Ile
Ala
480

Ser

Pro

Ala
Ser
Lys
Phe
Asp
80

Leu
Phe
Thr
Gly
Gly
160
Pro
Thr
Pro
Glu
Gly
240
Val
Arg

Lys

Thr



Lys
305
Leu
Lys
His
Phe
Gln
385
Thr
Arg
Leu
Met
Val
465
Ala
Arg
Asp

Pro

His
545

<210>
<211>
<212>
<213>

290
His

Glu
Glu
Ala
Tyr
370
Thr
Phe
Tyr
Arg
Gly
450
Ala
Asn
Gln
Tyr
Thr

530
Val

<220>

<223>

Lys
Gly
Thr
Val
355
Pro
Gln
Gln
Thr
Trp
435
Ile
Ala
Ser
Met
Glu
515

Asp

Asn

110
550
PRT
Artificial Sequence

<400> 110

Met
1
Ala
Gly
Ile
Leu
65
Leu
Ser

Thr

Leu

Ile
Ala
Gly
Gln
50

Asn
Leu
Phe

Pro

Ser

Pro
Ser
Gly
35

Val
Cys
Lys
Ser
Thr

115
Gln

Trp
Thr
Leu
340
Ser
Ala
Asp
Lys
Cys
420
Glu
Ile
Val
Thr
Ile
500
Thr

Asp

Ser

Ala
Leu
20

Gly
Tyr
Tyr
Asn
Lys
100
Glu

Pro

Glu
Cys
325
Gln
Asp
Glu
Thr
Trp
405
His
Pro
Val
Val
Asp
485
Ala
Ala

Asp

Asn

Val
5
Leu
Ser
Ser
Val
Gly
85
Asp
Lys

Lys

Ala
310
Val
Arg
His
Ile
Glu
390
Ala
Val
Ser
Ala
Ala
470
Pro
Ile
Asp

Lys

Asn
550

Val
Met
Gly
Arg
Ser
70

Glu
Trp

Asp

Ile

295
Ala

Glu
Thr
Glu
Thr
375
Leu
Ala
Gln
Ser
Val
455
Leu
Val
Arg

Gly

Asn
535

Leu
Trp
Gly
His
55

Gly
Arg
Ser

Glu

Val

His
Trp
Asp
Ala
360
Leu
Val
Val
His
Gln
440
Val
Ile
Lys
Lys
Gly

520
Ile

Leu
Ile
Gly
40

Pro
Phe
Ile
Phe
Tyr

120
Lys

41

Val Ala

Leu Arg
330

Ala Pro

345

Thr Leu

Thr Trp
Glu Thr

Val Val
410

Glu Gly

425

Pro Thr

Ile Ala
Tyr Cys

Ala Ala
490

Arg Gln

505

Tyr Met

Tyr Leu

Leu Leu
10

Thr Gln

25

Gly Ser

Ala Glu

His Pro

Glu Lys
90

Tyr Leu

105

Ala Cys

Trp Asp

Glu
315
Arg
Lys
Arg
Gln
Arg
395
Pro
Leu
Ile
Thr
Arg
475
Gln
Leu

Thr

Thr

Leu
Cys
Ile
Asn
Ser
75

Val
Leu

Arg

Arg

300
Gln

Tyr
Thr
Cys
Arg
380
Pro
Ser
Pro
Pro
Ala
460
Lys
Phe
Glu

Leu

Leu
540

NYESOl B2M HLA-A*0201 HLA-TM FCERG-CYTO

Leu
Gly
Gln
Gly
60

Asp
Glu
Tyr
Val

Asp

Leu
Leu
His
Trp
365
Asp
Ala
Gly
Lys
Ile
445
Val
Lys
Glu
Glu
Asn

525
Pro

Val
Cys
Arg
45

Lys
Ile
His
Tyr
Asn

125
Met

Arg
Glu
Met
350
Ala
Gly
Gly
Gln
Pro
430
Ser
Ala
Arg
Pro
Thr
510

Pro

Pro

Glu
Gly
30

Thr
Ser
Glu
Ser
Thr
110
His

Gly

Ala
Asn
335
Thr
Leu
Glu
Asp
Glu
415
Leu
Ser
Ala
Ile
Pro
495
Asn

Arg

Asn

Gln
15

Gly
Pro
Asn
Val
Asp
95

Glu
Val

Gly

Tyr
320
Gly
His
Ser
Asp
Gly
400
Gln
Thr
Pro
Ile
Ser
480
Gly
Asn

Ala

Asp

Ala
Ser
Lys
Phe
Asp
80

Leu
Phe

Thr

Gly



Gly
145
Ser
Gly
Gln
Arg
Thr
225
Thr
Gln
Gly
Glu
Lys
305
Leu
Lys
His
Phe
Gln
385
Thr
Arg
Leu
Ile
Ala
465
Asp
Gln
Gln

Tyr

His
545

<210>
<211>
<212>
<213>

130
Ser

Gly
Arg
Phe
Ala
210
Arg
Leu
Arg
Tyr
Asp
290
His
Glu
Glu
Ala
Tyr
370
Thr
Phe
Tyr
Arg
Ala
450
Ala
Arg
Gly
Val
Thr

530
Glu

<220>

Gly
Ser
Gly
Val
195
Pro
Lys
Arg
Met
His
275
Leu
Lys
Gly
Thr
Val
355
Pro
Gln
Gln
Thr
Trp
435
Gly
Val
Lys
Ser
Arg
515
Gly

Lys

111
585
PRT
Artificial Sequence

Gly
His
Glu
180
Arg
Trp
Val
Gly
Tyr
260
Gln
Arg
Trp
Thr
Leu
340
Ser
Ala
Asp
Lys
Cys
420
Glu
Leu
Met
Gly
Asp
500
Lys

Leu

Pro

Gly
Ser
165
Pro
Phe
Ile
Lys
Cys
245
Gly
Tyr
Ser
Glu
Cys
325
Gln
Asp
Glu
Thr
Trp
405
His
Pro
Val
Trp
Gly
485
Val
Ala

Ser

Pro

Gly
150
Met
Arg
Asp
Glu
Ala
230
Tyr
Cys
Ala
Trp
Ala
310
Val
Arg
His
Ile
Glu
390
Ala
Val
Ser
Leu
Arg
470
Ser
Ser
Ala

Thr

Gln
550

135
Ser

Arg
Phe
Ser
Gln
215
His
Asn
Asp
Tyr
Thr
295
Ala
Glu
Thr
Glu
Thr
375
Leu
Ala
Gln
Ser
Phe
455
Arg
Tyr
Leu

Ile

Arg
535

Gly
Tyr
Ile
Asp
200
Glu
Ser
Gln
Val
Asp
280
Ala
His
Trp
Asp
Ala
360
Leu
Val
Val
His
Gln
440
Gly
Lys
Thr
Thr
Thr

520
Asn

Gly
Phe
Ala
185
Ala
Gly
Gln
Ser
Gly
265
Gly
Ala
Val
Leu
Ala
345
Thr
Thr
Glu
Val
Glu
425
Pro
Ala
Ser
Gln
Ala
505

Ser

Gln

42

Gly
Phe
170
Val
Ala
Pro
Thr
Glu
250
Ser
Lys
Asp
Ala
Arg
330
Pro
Leu
Trp
Thr
Val
410
Gly
Thr
Val
Ser
Ala
490
Cys

Tyr

Glu

Gly
155
Thr
Gly
Ser
Glu
His
235
Ala
Asp
Asp
Met
Glu
315
Arg
Lys
Arg
Gln
Arg
395
Pro
Leu
Ile
Ile
Gly
475
Ala
Lys

Glu

Thr

140
Ser

Ser
Tyr
Gln
Tyr
220
Arg
Gly
Trp
Tyr
Ala
300
Gln
Tyr
Thr
Cys
Arg
380
Pro
Ser
Pro
Pro
Thr
460
Gly
Ser
Val

Lys

Tyr
540

Gly
Val
Val
Arg
205
Trp
Val
Ser
Arg
Ile
285
Ala
Leu
Leu
His
Trp
365
Asp
Ala
Gly
Lys
Ile
445
Gly
Glu
Ser
Arg
Ser

525
Glu

Gly
Ser
Asp
190
Met
Asp
Asp
His
Phe
270
Ala
Gln
Arg
Glu
Met
350
Ala
Gly
Gly
Gln
Pro
430
Val
Ala
Gly
Asp
Leu
510

Asp

Thr

Gly
Arg
175
Asp
Glu
Gly
Leu
Thr
255
Leu
Leu
Thr
Ala
Asn
335
Thr
Leu
Glu
Asp
Glu
415
Leu
Gly
Val
Val
Ser
495
Lys

Gly

Leu

Gly
160
Pro
Thr
Pro
Glu
Gly
240
Val
Arg
Lys
Thr
Tyr
320
Gly
His
Ser
Asp
Gly
400
Gln
Thr
Ile
Val
Lys
480
Ala
Ile

Val

Lys



43

<223> NYESOl B2M HLA-A*0201 HLA-TM FCGR2A-CYTO

<400> 111
Met Ile Pro

1
Ala

Gly
Ile
Leu
65

Leu
Ser
Thr
Leu
Gly
145
Ser
Gly
Gln
Arg
Thr
225
Thr
Gln
Gly
Glu
Lys
305
Leu
Lys
His
Phe
Gln
385
Thr
Arg

Leu

Ile

Ala
Gly
Gln
50

Asn
Leu
Phe
Pro
Ser
130
Ser
Gly
Arg
Phe
Ala
210
Arg
Leu
Arg
Tyr
Asp
290
His
Glu
Glu
Ala
Tyr
370
Thr
Phe
Tyr

Arg

Ala
450

Ser
Gly
35

Val
Cys
Lys
Ser
Thr
115
Gln
Gly
Ser
Gly
Val
195
Pro
Lys
Arg
Met
His
275
Leu
Lys
Gly
Thr
Val
355
Pro
Gln
Gln
Thr
Trp

435
Gly

Ala
Leu
20

Gly
Tyr
Tyr
Asn
Lys
100
Glu
Pro
Gly
His
Glu
180
Arg
Trp
Val
Gly
Tyr
260
Gln
Arg
Trp
Thr
Leu
340
Ser
Ala
Asp
Lys
Cys
420
Glu

Leu

Val
5
Leu
Ser
Ser
Val
Gly
85
Asp
Lys
Lys
Gly
Ser
165
Pro
Phe
Ile
Lys
Cys
245
Gly
Tyr
Ser
Glu
Cys
325
Gln
Asp
Glu
Thr
Trp
405
His
Pro

Val

Val
Met
Gly
Arg
Ser
70

Glu
Trp
Asp
Ile
Gly
150
Met
Arg
Asp
Glu
Ala
230
Tyr
Cys
Ala
Trp
Ala
310
Val
Arg
His
Ile
Glu
390
Ala
Val

Ser

Leu

Leu
Trp
Gly
His
55

Gly
Arg
Ser
Glu
Val
135
Ser
Arg
Phe
Ser
Gln
215
His
Asn
Asp
Tyr
Thr
295
Ala
Glu
Thr
Glu
Thr
375
Leu
Ala
Gln

Ser

Phe
455

Leu
Ile
Gly
40

Pro
Phe
Ile
Phe
Tyr
120
Lys
Gly
Tyr
Ile
Asp
200
Glu
Ser
Gln
Val
Asp
280
Ala
His
Trp
Asp
Ala
360
Leu
Val
Val
His
Gln

440
Gly

Leu
Thr
25

Gly
Ala
His
Glu
Tyr
105
Ala
Trp
Gly
Phe
Ala
185
Ala
Gly
Gln
Ser
Gly
265
Gly
Ala
Val
Leu
Ala
345
Thr
Thr
Glu
Val
Glu
425

Pro

Ala

Leu
10

Gln
Ser
Glu
Pro
Lys
90

Leu
Cys
Asp
Gly
Phe
170
Val
Ala
Pro
Thr
Glu
250
Ser
Lys
Asp
Ala
Arg
330
Pro
Leu
Trp
Thr
Val
410
Gly

Thr

Val

Leu
Cys
Ile
Asn
Ser
75

Val
Leu
Arg
Arg
Gly
155
Thr
Gly
Ser
Glu
His
235
Ala
Asp
Asp
Met
Glu
315
Arg
Lys
Arg
Gln
Arg
395
Pro
Leu

Ile

Ile

Leu
Gly
Gln
Gly
60

Asp
Glu
Tyr
Val
Asp
140
Ser
Ser
Tyr
Gln
Tyr
220
Arg
Gly
Trp
Tyr
Ala
300
Gln
Tyr
Thr
Cys
Arg
380
Pro
Ser
Pro

Pro

Thr
460

Val
Cys
Arg
45

Lys
Ile
His
Tyr
Asn
125
Met
Gly
Val
Val
Arg
205
Trp
Val
Ser
Arg
Ile
285
Ala
Leu
Leu
His
Trp
365
Asp
Ala
Gly
Lys
Ile

445
Gly

Glu
Gly
30

Thr
Ser
Glu
Ser
Thr
110
His
Gly
Gly
Ser
Asp
190
Met
Asp
Asp
His
Phe
270
Ala
Gln
Arg
Glu
Met
350
Ala
Gly
Gly
Gln
Pro
430

Val

Ala

Gln
15

Gly
Pro
Asn
Val
Asp
95

Glu
Val
Gly
Gly
Arg
175
Asp
Glu
Gly
Leu
Thr
255
Leu
Leu
Thr
Ala
Asn
335
Thr
Leu
Glu
Asp
Glu
415
Leu

Gly

Val

Ala
Ser
Lys
Phe
Asp
80

Leu
Phe
Thr
Gly
Gly
160
Pro
Thr
Pro
Glu
Gly
240
Val
Arg
Lys
Thr
Tyr
320
Gly
His
Ser
Asp
Gly
400
Gln
Thr

Ile

Val



Ala
465
Asp
Gln
Arg
Pro
Thr
545

Pro

Pro

<210>
<211>
<212>
<213>

Ala
Arg
Gly
Ile
Pro
530
Asn

Arg

Asn

<220>

<223>

Val
Lys
Ser
Ser
515
Gly
Asn

Ala

Asp

112
20

RNA
Artificial Sequence

B2M 1

<400> 112
aagucaacuu caaugucgga

<210>
<211>
<212>
<213>

<220>

<223>

113
20

RNA
Artificial Sequence

B2M 2

<400> 113
agucacaugg uucacacggc

<210>
<211>
<212>
<213>

<220>

<223>

114
20

RNA
Artificial Sequence

B2M 3

<400> 114
acuugucuuu cagcaaggac

<210>
<211>
<212>
<213>

115
20

RNA
Artificial Sequence

Met
Gly
Asp
500
Ala
Arg
Asp

Pro

His
580

Trp
Gly
485
Val
Asn
Gln

Tyr

Thr
565
Val

Arg
470
Ser
Ser
Ser
Met
Glu
550
Asp

Asn

Arg
Tyr
Leu
Thr
Ile
535
Thr

Asp

Ser

Lys
Thr
Thr
Asp
520
Ala
Ala

Asp

Asn

Ser
Gln
Ala
505
Pro
Ile
Asp

Lys

Asn
585

44

Ser
Ala
490
Cys
Val
Arg

Gly

Asn
570

Gly
475
Ala
Lys
Lys
Lys
Gly

555
Ile

Gly
Ser
Val
Ala
Arg
540

Tyr

Tyr

Glu
Ser
Cys
Ala
525
Gln

Met

Leu

Gly
Asp
Arg
510
Gln
Leu

Thr

Thr

Val
Ser
495
Lys
Phe
Glu

Leu

Leu
575

Lys
480
Ala

Lys
Glu
Glu
Asn

560
Pro

20

20

20



<220>
<223> B2M 4

<400> 115
ucacgucauc cagcagagaa

<210>
<211>
<212>
<213>

<220>

<223>

116
20

RNA
Artificial Sequence

gRNA99

<400> 116
ccugagcugce aacagcaucg

<210>
<211>
<212>
<213>

<220>

<223>

117
20

RNA
Artificial Sequence

<400> 117
gccaccagca cucagcgcag

<210>
<211>
<212>
<213>

<220>

<223>

118
383
PRT
Artificial Sequence

<400> 118

Met
1
Gly
Met
Glu
Ala
65
Ile
Pro

Lys

Thr

Gly
Gly
Arg
Ile
50

Lys
Leu
Ala

Trp

Gln

Gly
Gly
Phe
35

Glu
Leu
Ser
Asp
Glu

115
Asp

gRNA100

Lys
Ser
20

Lys
Gly
Lys
Pro
Ile
100
Arg

Thr

Leu
Gly
Val
Glu
Val
Gln
85

Pro

Val

Ser

Ser
Val
His
Gly
Thr
70

Phe
Asp

Met

Leu

Lys
Ser
Met
Glu
55

Lys
Met
Tyr
Asn

Glu

Minimal BASP1 mCherry L7Ae

Lys
Lys
Glu
40

Gly
Gly
Tyr
Tyr
Phe

120
Asp

Lys
Gly
25

Gly
Arg
Gly
Gly
Lys
105
Glu

Gly

45

Gly
10

Glu
Ser
Pro
Pro
Ser
90

Gln
Asp

Thr

Gly
Ala
Met
Tyr
Leu
75

Arg
Ser

Gly

Leu

Ser
Val
Asn
Glu
60

Pro
Ala
Phe

Gly

Ile

Gly
Ile
Gly
45

Gly
Phe
Phe
Pro
Ala

125
Tyr

Gly
Lys
30

His
Thr
Ser
Thr
Glu
110
Val

Lys

Gly
15

Glu
Glu
Gln
Trp
Lys
95

Gly
Thr

Val

Ser
Phe
Phe
Thr
Asp
80

His
Phe

Val

Lys

20

20

20



Leu
145
Thr
Val
Arg
Gln
His
225
Arg
Gly
Glu
Ser
Arg
305
Glu
Tyr

Glu

Lys

130
Arg

Met
Leu
Tyr
Met
210
Asn
His
Gly
Asp
Gly
290
Gly
Ile
Ile

Val

Glu
370

Gly
Gly
Lys
Leu
195
Pro
Glu
Ser
Ser
Met
275
Lys
Leu
Val
Tyr
Pro

355
Leu

Thr
Trp
Gly
180
Ala
Gly
Asp
Thr
Gly
260
Gln
Val
Ala
Ala
Val
340
Cys

Gly

Asn
Glu
165
Asp
Asp
Ala
Tyr
Gly
245
Gly
Asn
Lys
Lys
His
325
Lys

Ala

Ser

Phe
150
Ala
Ile
Phe
Tyr
Thr
230
Gly
Gly
Glu
Lys
Leu
310
Leu
Ser

Ser

Leu

135
Pro

Ser
Lys
Lys
Asn
215
Val
Met
Ser
Ala
Gly
295
Val
Pro
Lys

Ala

Val
375

Pro
Thr
Met
Thr
200
Val
Val
Asp
Gly
Leu
280
Thr
Tyr
Leu
Asn
Ala

360
Glu

Asp
Glu
Ala
185
Thr
Asp
Glu
Glu
Met
265
Ser
Asn
Ile
Leu
Asp
345

Ile

Lys

46

Gly
Arg
170
Leu
Tyr
Arg
Gln
Leu
250
Tyr
Leu
Glu
Ala
Cys
330
Leu

Ile

Ile

Pro
155
Leu
Arg
Lys
Lys
Tyr
235
Tyr
Val
Leu
Thr
Glu
315
Glu
Gly

Asn

Lys

140
Val

Tyr
Leu
Ala
Leu
220
Glu
Lys
Arg
Glu
Thr
300
Asp
Glu
Arg

Glu

Gly
380

Met
Pro
Lys
Lys
205
Asp
Arg
Gly
Phe
Lys
285
Lys
Val
Lys
Ala
Gly

365
Leu

Gln
Glu
Asp
190
Lys
Ile
Ser
Gly
Glu
270
Val
Ala
Asp
Asn
Val
350
Glu

Gln

Lys
Asp
175
Gly
Pro
Thr
Glu
Ser
255
Val
Arg
Val
Pro
Val
335
Gly

Leu

Lys

Lys
160
Gly
Gly
Val
Ser
Gly
240
Gly
Pro
Glu
Glu
Pro
320
Pro

Ile

Arg



Claims

1. An engineerad chassis, wherein the chassis has been engineered:

A)
i} to disrupt a platelet inflammatory signaling pathway;
ii) to make the engineered chassis less immunogenic; 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 developmeant and/or tumour
growth; and optionally
iv) engineered to disrupt a platelet thrombogenic pathway;

and wherein

B) the chassis has beaen 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);

i) one or more nucleic acids that encodes one or more CPR, universal CPR, SAPR, or
ePAR; and/or

iity one or more vectors that comprises one or more nucleic acids that encodes one or CPR,
universal CPR, SAPR, or ePAR;

and wherein the engineered chassis is:

a) an engineered effector-chassis and is:
a platelet that comprises TUBBYI;
a platelet-like membrane-bound cell fragment that comprises TUBBL; or
an anucleate cell fragment that comprises TUBB1;

b} an engineered producer-chassis and is:

- 221 -



a megakaryoblast that comprises TUBBI;
a megakaryocyte that comprises TUBB1L;
a megakaryocyte-like celi that comprises TUBBL;
a cancer cell line that is capable of forming:

a platelet that comprises TUBB1;

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 MEGO1 or DAMI cancer cell line;
or
other immaortal cell that is capable of forming:

a platelet that comprises TUBB1;

a platelet-like membrane-bound cell fragment that comprises TUBBL; and/
or

an anucleate cell fragment that comprises TUBBL;

or
c) an engineerad progenitor-chassis and is a myeloid stem cell; an IPSC; a cancer celi-
line 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 angineered chassis according to any of the preceding claims wherein the engineered

chassis has been:

a) loaded with one or more cargo; and/or

B} engineered $0 as 1o provide one or IMore Cargo.

3. The engineersd 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 megakaryocyte-
like cell, optionally wherein the engineered progenitor-chassis is an engineered myeloid stem
cell; an iPSC; a cancer celi-line 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.
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4. The engineered chassis according to any of the preceding claims wherein the engineered
chassis is a producer-chassis, wherein the producer chassis is a megakaryoblast; a
magakaryocyte; 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 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; megakarvocyte-like cell; cancer cell ling that
is capable of forming a platelet, a platelet-like membrane-bound cell fragment or an anucleate
cell fragment optionally MEGG1 or DAMI; or other immortal cell that is capable of forming a
platelet, a platelet-like membrane-bound cell fragment or an anucleate cell fragment can produce

pseudopodal extensions.

5. The engineered 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
rmegakaryoblast; a megakaryocvte; 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 & 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.

6. The engineered chassis according to any of the preceding claims wherein the engineered
chassis is an engineerad effector-chassis, wherein the engineered effector-chassis is a platelet,
platelet-like membrane-bound cell fragment, or anucleate ceall fragment and wherein the platelet,
a platelet-like membrane-bound cell fragment or anucleate cell fragment does not aggregate in
a platelet aggregation assav.

7. The engineered chassis according to any of the preceding claims wherein the enginesred
chassis is an engineered progenitor or producer-chassis and wherein the one or more nucieic
acids are exprassed from a position within the genomic nucleaic acid of the engineered progenitor

or producer-chassis, optionally wherein:

1) 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,
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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 @PAR 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, ar 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, SAPR, or ePAR has been introduced into a second allele of
the first locus.

8. The engineered chassis according o 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 engineerad
chassis has beean engineered s0 as to have inhibited exprassion from the bata 2 microglobulin
gene, optionally wherein the beta 2 microglobulin gene has been knocked out or deleted.

10. The engineered chassis according o any of the preceding claims wherein the chassis has
been engineered to have disrupted expression from one or more HLA genes.

11, The engineered chassis according to claim 10 whereain 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 alieles of HLA-A and
HLA-B have been disrupted but wherein expression 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 to averexpress 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 according to any of the preceding claims wherein the chassis has
been engineered to overexpress any one or more of HLA-G, HLA-E, CD47 and PD-L1 and

optionally engineered to disrupt expression from the Beta 2 microglobulin gene.

14, The angineered chassis according to any of the preceding claims wherein the chassis has
been engineered to downregulate or inhibit expression of TGFb 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:
i}y an antibody or antigen binding fragment thereof, optionally 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 example IL-10; or
ivy @ CRISPR associated protein, for example Cas9;
v} a bispecific protein, for example a bispecific antibody or optionally T-cell engager
(BITE)
b) & 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; or
i} @ DNA vector;
C) a toxin;
d} a small molecule drug, imaging agent, radionucleotide drugs, radionuclectide tagged
antibodies, or conjugate any thereof;
e} a viral vector such as AAV;
) a virus such as oncolytic virus;
g} agents for performing CRISPR mediated gene editing;
h} an exosome, for example an exgsome pre-loadead with a second cargo; and/or
i} or 2 nanoparticle or nanoparticles;

ar 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 andogenously exprassed 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 negantigen;
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 example Cas9;
v) a bispecific protein, for exampile 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, & 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 exogencusly loaded cargo is any one or

more of:

ay) 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 neoantigen;
ity an enzyme, such as a nuclease for example a TALEN;
iii} a cytokine for example IL-10; or
iv) @ CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell engager
(BIiTE)
} a nucleic acid - in some embodimeants 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;
dy a small molecule drug, imaging agent, radionuclectide drug, radionucleotide tagged
antibody, or any conjugate thereof;
e} a viral vector such as AAY;
fy a virus such as oncolytic virus;
g} agents for performing CRISPR mediated gene editing;
1 an exosome, for example an exosome pre-icaded with a second cargo; and/or

i) or & nanoparticle or nanoparticles;
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or 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
whearein the cargo is a protein or peptide that is a fusion protein comprising:

&) 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 speacific 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

ity an exoseme targeting sequence from a soluble protein, optionally the WW

domain of Nedd4 ubiquitin ligases;

iii) a ubigquitin tag; and/or

ivy 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:

a) an exosome targeting hairpin;
b} a viral exosome targeting RNA or exosome targeting fragment thereof;

¢) an aptamer, optionally:
i}y a MS2 binding stem-loop;
Y a C/D box; and/or
i} an AU rich slement, optionally wherein the RNA is an mRNA that encodes CasD,



19, The engineered chassis according to any of the preceding claims wherein the chassis has
been engineerad 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
wherain exprassion of HLA-A and HLA-B has been entirely disrupted but wherein expression of
HLA-C has been partially disrupted, optionally whersin expression from both alieles 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;

fY overexpress any one or more of HLA-G, HLA-E, CD47 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 affact
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
entitias which are likely to indirectly counter the biological 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, NODZ, SRB1, TLRL, TLR2Z,
TLR3, TLR4, TLR6, TLR9, CD40L, CDY3 {ClgRp), C3aR, CDB8 (Ch5aR), CDB8Y (FcuR1), CD23
{(FeeR1), CD32 (FeyRIla), MHC classl, CD191 (CCR1}, CD193 (CCR3), CD194 (CCR4), CDi84
(CXCR4), CX3CR1, CD102 (ICAM-2), JAM-C/JAM-3, CD6B2ZP (P-salectin), CD31 (PECAM-1), CD150
(SLAMF1), CCL2, CCL3, CCL5, CXCL1, CXCL12, CXCL4/PF4, CXCLS, OXCLE, NAPZ (CXCL7Y, IL-1p
0) disrupt or inhibit expression of TGFb and/or GARP;

g) 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), ITGAZB, CLEC2,
integrins s allbb3, a2bi, a5bl and atbl, GPVI and ITGAZE;
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t) disrupt or inhibit expression of any one or more of Parl, Pard, P2Y12, GPIb/V/IX, the
Thromboxane receptor (TBXAZR), P2Y1, 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 Coxl, Cox2, HPS, prothrombin, PDGF, EGF,
von Willebrand Factor and thromboxane-A synthase (TBXAS1);
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) express at least two CPRs, universal CPRs, complexes of universal CPRs and tagged targeting
peptides, SAPRs or éPARs, 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 peptides, 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 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;
cc) express 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 universal CPRs and tagged targeting peptides, SAPRs or @PARS are
directad 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 e¢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 inhibition domain, optionally is a
domain that prevents triggering of platelet degranuiation, 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 optionally an [TAM containing domain;
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dd} express at least two CPRs, universal CPRs, complexeas 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 neocantigen;

iy an enzyime, 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 whearein 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;

i) a ubiguitin 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:
i}y an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered

regularly interspaced short palindromic repeats {CRISPR) sequeance; and/or



ii}an RNA that comprises an exosome targeting domain, optionally wherein the

exosome targeting domain is selected from the group comprising or consisting of:

ay) an exosome targeting hairpin or linear motif;

b) & viral exosome targeting RNA or exosome targeting fragment thereof;
iii} an RNA that comprises an aptamer domain, optionally wherein the aptamer domain is

selected from:

aj a M52 binding stem-loop;

bY a C/D box; and/or

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

Cas9;

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

i}y 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, CDO3; and/or

ity 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

iti} a CDY-HuR fusion protein;

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

qq) 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 1o the target, optionally wherein the cargo is selected from the group comprising:
ay) 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 necantigen;

ity an enzyme, such as a nuclease for example a TALEN;

iii) a cytokine for example IL-10; or

ivi 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 nucleic acid is:



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 intraceliular domain that is a platelet modulation domain; and

b) a heterologous target binding domain that recognizes and binds a target,
optionally wherein when the CFR is present in a platelst 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 preceding 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%, 94%, 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;

¢y results in the presence of intraplatelet contents on the plasma membrane of the
platelet;

d) results in the release of extraceliular vesicles via blebbing from the plasma membrane;
and/or a small molecule drug, imaging agent, radionuclectide drugs, radionucleotide
tagged antibodias, 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

) rasults in an influx of calcium into the platelet.

23, The engineered chassis of any of the preceding claims wherein the universal CPR

comprises:



a) an intraceliular domain that is a platelet modulation domain; and

b)Y a heterologous tag binding domain optionally 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 plasima 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 platalet modulation domain.

24. The engineerad chassis of any of the preceding claims wherein the SAPR comprises 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%, BO%, 85%, 90%, 92%, 84%, B96%, 98% or 100% sequence identity to a
human MHC-1 protein or fragment thereof; or

ity the MHC-2 protein or fragment thereof or a protein or fragment thereof that has
at feast 75%, B0%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a
human MHC-2 protein or fragment thereof; and

b) an intraceliular 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%, 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%, 0%, 92%, 34%, 96%, 98% or 100% seguence idantity 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 engineered 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 results in:
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ay degranulation of the platelet;

b} the release of contents from the platsiet;

<) the presence of intracellular 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 ceall 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 cargo, optionally wherein the cargo comprises

one or more targeting domains, optionally comprises an exosome targeting domain.

27. An engineerad 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 diseasea, genetic
disease, cardiovascular disease and/or an infection, wherein the engineered chassis is an

engineered 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 enginesred chassis is an engineered affector-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, universal
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 engineerad 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, whereain the targeting domain of the CPR, universal



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 engineesrad chassis is an engineered effector-chassis.

32. A method of treatment comprising administering an effective amount of an engineered
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 aufoimmunity 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 engineered 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 enginesred effector chassis according to any one or more of the preceding claims;

¢} An engineerad progenitor chassis according to any one or more of the preceding claims;

d} A therapeutic agent and/or an imaging agent and/or an exosome, optionally an exosome pre-
lcaded with a second cargo;

and/or

&) a nucieic 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 exgsomes to a subject in need thereof for use in
meadicine, optionally for use in treating or preventing cancer, an autoimmunity disease, gensatic

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 carge 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 embodimeants 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 neocantigen;
i) an enzyme, such as a nuclease for example a TALEN;
iii} a cytokine for example IL-10; or
ivy @ CRISPR associated protein, for example Cas9;
v) a bispecific protein, for exampile 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
regularly interspaced short palindromic repeats {(CRISPR) sequence; or
i} @ DNA vector;
C) a toxin;
dy a small molecule drug, imaging agent, radionuclectide drug, radionucleotide tagged
antibody, or any conjugate thereof;
e} a viral vector such as AAY;
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 2 nanoparticle or nanoparticles;

gr any combination thereof.

38. The engineered chassis for use according to claim 36 or 37 wherein the chassis or
engineeraed chassis has been engineered to endogenously express a cargo that comprises an

exosome targeting domain and:

AY 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 selacted from the group comprising or consisting of:

a) an expsome specific membrane protein or exosome membrane targeting
portion thereof, optionally;

a tetraspanin, for example CD63; or

a non-tetraspanin such as PTGFRN or BASP1L

b)) an exosome targeting sequence from a soluble protein, optionally the
Www domain of Nedd4 ubiquitin ligases;

¢} a ubiquitin tag; and/or

dy a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or

e) a protein selacted 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 MSZ binding stem-loop;
iy a C/D box; and/or
it} an AU rich element, optionally wherain 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, 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 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 membrang protein, oplionally wherein the excsome
membrane protein is selected from the group comprising or consisting of Lampdb, VSVG,
CD63 or any of the proteins of Table A, optionally whergin the fusion protein further
comprises a light activated dimerization protein;

where the carqo 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,
aptionally wherein the exosome membrang protein is selected from the group comprising
gr consisting of Lamp2hb, VEVG, CD63 or any of the proteins of Table A, optionally whersin

the fusion protein further comprises a light activated dimerization protein.

39. The engineered chassis for use according to claim 36 or 37 wherein chassis or engineered
chassis has been exogenously loaded with a cargo that comprises an exosome targeting domain,

optionally wherein:
AY 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 selacted from the group comprising or consisting of:

aj 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)Y an exosome targeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiguitin ligases;

- 238 -



¢} & ubiquitin tag; and/or

dy a tag binding domain, optionally a nanobody directed against a tag,
optionally a nanobody directed against GFP; and/or

e) a protein selacted 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:
iy a MS2 binding stem-loop;
iy a /D box; and/or
iit) 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;

wheare 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 o 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 CDY9-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 éngineered chassis
is engineered to exprass a fusion protein comprising an aptamer binding protein (that



binds to the aptamer present in the RNA) fused to to an exosome membrane protein,
gptionally 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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