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COMPOSITIONS COMPRISING GPCR BASED CHIMERIC
ANTIGEN RECEPTOR AND METHODS OF USE

Field

The invention is in the field of therapeutics, specifically in the field of targeted drug
delivery.

Background

Chimeric antigen receptors (CARs) are synthetic receptors that combine the high
affinity binding ability of antibodies with internal signalling ITAM domains of a T cell
receptor. They have the ability to redirect the specificity of immune cells, typically T
cells, towards targets of interest, which are typically found on cancer cells. CARs are
designed to enhance the ability of the immune system to recognize and eliminate
cancer cells.

ITAM domains are short sequences found in the cytoplasmic tails of various immune
receptors, including the T cell receptor and B cell receptor. In CARs, ITAM domains are
incorporated into the intraceliular signalling domain to initiate T cell activation upon
antigen recognition. When the CAR binds to the target antigen on cancer calls, the
ITAM domains become phosphorylated, triggering a cascade of signalling events that
activate the T cell. This activation ultimately leads to the killing of cancer cells by the
T cell.

The incorporation of ITAM domains into CARs allows for the bypassing of several steps
involved in the normal immune response against cancer ceils. CAR T celis can recognize
and kill cancer cells independently of major histocompatibility complex (MHC)
presentation, which is the usual mode of antigen recognition by T cells. This feature
makes CAR T cell therapy applicable to a wide range of cancer types.

CAR T cell therapy has shown remarkable success in the treatment of certain
hematological malignancies, such as acute lymphoblastic leukemia and certain types
of lymphoma. Ongoing research is focused on improving the efficacy and safety of CAR
T cell therapy and extending its application to solid tumors.

Other examples of chimeric receptors incerporating ITAM signalling domains are
described in WO 2022/263824, which presenits a range of chimeric ITAM-based
receptors which can be used to redirect the natural degranulation response of platelets.
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Degranulation typically occurs in response to binding of receptors to markers of
physical damage, such as collagen and to trigger thrombogenesis. WO 2022/263824
describes the use of the Chimeric Platelet Receptors to radirect this response to instead
to deliver therapeutic cargo to targets of interest - for example an anti-cancer agent
to a tumour. WQ 2022/263824 also describes how the platelets can be engineered to
express a cargo of interest from within the precursor megakaryocyte, or that
eX0genous cargo can be directly loaded into a precursor megakaryocyte or platelet.
WO 2022/263824 also describes platelets that have been engineersad to remove or
reduce thrombogenicity ~ L.e. to prevent the platelet from degranulating in response
to the natural signals that will be found in a subject such as a patient in need of
treatment. In this way WO 2022/263824 describes a complete system that can
comprise non-thrombogenic platelets {or Synlets) and that which also comprise the
chimeric receptor, and that can be used to deliver various types of cargo to target

sites.

There are however potential disadvantages with the ITAM based approach of these
systems. ITAM receptors give an on-off response with little nuance in the responses
that can be obtained relative to the strength of the target signal. In addition ITAM
receptors tend to initiate signalling via the activation of a single kinase, such as Syk or
Zap70, giving little variation in the downstream effects that target binding can achieve.
Finally, stochastic ITAM signalling can occur in the absence of target binding by virtue
of receptor aggregation on the cell surface for example via overexpression of the
receptor, leading to a lack of sensitivity in signailing, i.e. a high background rate of
signalling.

The present invention provides receptors that address these issues with known

chimeric receptors.

Summary of invention

G protein-coupled receptors (GPCRs) are a large family of transmembrane receptors
that play a crucial role in intracellular signaling pathways. Upon activation by their
ligands (such as neurotransmitters, hormones, or other signaling melecules), GPCRs
undergo a conformational change that leads to the activation of intracellular signaling
pathways. Upon activation of the GPCR, the G protein undergoes a conformational
change (i.e. from an inactive conformation to an active conformation) that allows it to
exchange GDP for GTP, leading to the activation of downstream effectors. Accordingly,
by Tactivation of an aGCPR” herein we include the meaning of initiation of downstream
signalling via the corresponding G protein{s).
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Adhesion GPCRs {(aGPCRs) are a particular class of GPCR that, in addition to the
standard seven transmembrane domain (7TM) common to all GPCRs, have an
extraceliular domain that comprises a domain (the GPCR Autoproteolysis INducing
{GAIN) domain) that in most cases causes the constitutive autoproteolviic cleavage of
a site called the GPS site which is located proximal to the first transmembrane helix.
The GAIN domain typically ends 7-18 residues before the start of the first
transmembrane span of the 7TM bundle. Cleavage of the site results in the production
of a N terminal fragment (NTF) and a C terminal fragment (CTF - comprising the 7TM).
A dense network of hydrogen bonds within the GAIN domain allows the NTF and CTF
to remain noncovalently bound after seif-proteolysis, which is considered to occur early
during receptor biosynthesis in an intracellular compartment. The two-fragment
holoreceptor is trafficked to the plasma membrane where it resides, poised for
signaling.

The GAIN domain also harbours an agonistic peptide, called the “tethered agonist” or
"Stachel sequence”. Autoproteocivtic cleavage occurs N-terminal of this sequences, so
the tethered agonist remains associated with the CTF. Following cleavage, the tethered
agonist is still hidden due to the non-covalent association between the NTF and the
CTF. However, mechanical forces exerted on this interaction due to ligand binding
physically pulls the NTF from the CTF, exposing the tethered agonist peptide. The
tethered agonist peptide then interacts with the 7TM domain, activating the aGPCR,

Some aGCPRs are unable to undergo proteolytic cleavage, but are still activated by
binding to the respective target.

Despite the complex structure and inter-molecular interactions of the aGPCR receptors,
the inventors have surprisingly produced and demonstrated functionality of chimeric
aGPCRs in which the extraceliular ligand binding domain has been modified or
substituted to target a new ligand, but which still triggers appropriate intracelular
signalling upon ligand binding. In this way the sensing repertoire of the chimeric
aGPCR is expanded.

One potential advantage of chimeric aGPCR signalling over ITAM based chimeric
receptor signalling is that it allows for @ more sensitive and dynamic response to
extracetiular stimuli since GPCRs can activate muitiple downstream effactors, including
(3 proteins, B-arrasting, and various kinases. For example, GPCRs that interact with a
Geq Subunit {also called the called Gug1: 0r Geg1r/14/15 Subunit) activates beta-type
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phospholipase C (PLCBR); a GPCR that interacts with a Ges subunit stimulates the CAMP-
dependent pathway by activating adenvyiyl cyclase and increasing intraceliular cAMP
levels; and a GPCR that interacts with a Gayo subunit inhibits adenyilyl cyclase and
decreases intraceliular cAMP,

In contrast, ITAM signalling typically involves the activation of a single kinase, such as
Syk or Zap70, which leads to a more limited set of downstream effects. Complex
signalling pathways with multiple layers of regulation can be designed using GPCRs, or
a combination of GPCRs and ITAMs,

GPCRs can be regulated by a variety of mechanisms, including receptor desensitization,
internalization, and degradation, as well as by fesdback mechanisms involving
downstream effectors. This allows cells to modulate the strength and duration of GPCR

signatling in response o changing conditions.

In contrast, the strength of the response of ITAM based signalling depends primarily

on the number of activated receptors, and acts more in a “on or off” manner.

Since aGPCRs are primarily activated by mechanical forces, and since cells such as
cells found in the circulatory system {e.q. platelets and engineered platelets) are
typically in constant motion, they are able to exert mechanical forces on any target to
which they bind, expanding the repertoire of ligands which can activate aGPCRs.
Expressing these chimeric aGPCRs in cells, platelets and engineered platelets provides
an opportunity for increased control and sophistication in the activation of intracelular
{or intraplatelet/intra-engineered platelet) signalling and downstream effects, such as
in some cases release of a therapeutic cargo. Neonlimiting examples include T celis, B
cells, NK cells, red blood celis, macrophages, megakaryocyte, pluripotent celis or stem

cells.

The invention provides chimeric aGCPR receptors, compositions and methods that use
the chimeric aGPCRs.

The chimeric aGPCRs described herein can be used instead of, or in addition, to the
chimeric ITAM based receptors described in WO 2022/263824 in the context of a
platelet, or a non-thrombogenic platelet as described therein. The chimeric aGPCRs
describad herein may also be used in a different context, for example in a different
cellular context. For example the chimeric aGPCRs might be expressed from within a
T cell and used in a similar way to current CAR-T therapies.



[5) ]

16

20

25

35

WO 2025/027344 PCT/GB2024/052048

By chimeric we include the meaning that various portions or domains of the aGCPR are
different to those that would be found together in the same aGPCR in nature. In some
embodiments the chimeric nature comes from one or more substitutions, deletions or
insertions into the amino acid sequence of the aGPCR, relative to the wild type receptor.
In some embodiments the chimeric nature of the aGPCR comes from the substitution
of a whole domain of the aGPCR with a different domain, for example a different
wildtype domain that is found in another aGPCR, or a different wildtype domain that
comprises one or more mutations corresponding to that wildiype domain, or is
substituted with a domain that is not from any aGPCR. For example the chimeric
aGPCR may comprise a target binding domain that is not the same as any natural
aGPCR  target binding domain. For example the target binding domain may be an
antibody or antibody fragment thereof, or ligand capable of binding to a particular
receptor.

The chimeric aGPCRs described herein may also be alternatively termed redirected
aGPCRs, since the response elicited by the aGPCR upon target binding is redirected to
a new target by virtue of substitution or mutation of the target binding domain of the
aGPCR.

The chimeric aGPCRs may also be considered to be Synthetically Agonised G-protein
Adhesion Receptors {or abbreviated o SAGA receptors) since in preferred
embodiments the aGPCRs have been designed to be activated by the non-native target
and so can be considered to be synthetically agonised.

The skilled person will appreciate that aGPCRs, like standard GPCRs, comprise a 7
transmembrane domain (7TM) and an intracellular tail domain. The intraceliular tail
domain is typically at the C-terminal end of the protein and so in preferred instances
may be termed a C-terminal tail. Intraceliular signalling is transduced from binding of
the target to the aGPCR through the intraceliular interaction of different G-proteins
with the intracellular loops {(ICL), of which there are 3 in a 7TM, and/or the intracellular
tail domain (or the C-terminal tail domain). G-proteins {(such as beta-arrastin 1/2) can
interact with just the C-terminal tail domain alone {i.e. rather than also interacting
with the three ICLs) o effect signalling, or can interact with one, two or all three of
the intraceliular loops of the 7TM.  See Figure 10 which depicts the 7TM and
intraceliular loops of a GPCR (note the extracellular domains of the depicted protein
are those of a GPCR, not an aGPCR). Accordingly, the C-terminal tail and the three
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ICLS can collectively be termed the “intracellular signalling domain”, even though the
residues that make up that domain are not contiguous in sequence.

Accordingly, in a first aspect the invention provides a chimeric adhesion G-Protein
Coupled Receptor {chimeric aGPCR) comprising:

a) an intracellular tall domain, optionally a C-terminal tail;
b} a seven-transmembrane domain (7TM) that comprise three intracellular
loops (ICLs); and

¢) an extraceliular domain comprising:

(i) a target binding domain that is heterclogous to the intracellular tail
domain;

(i} a GPCR aultoproteolysis-inducing domain (GAIN domain) that
optionaily comprises a tethered agonist peptide.

The chimeric aGPCR may also further comprise:

{iii) a linker, optionally wherein the linker is in the extracellular domain, for
example is between the GAIN domain and the target binding domain.

As mentioned above, some aGPCRs do not require cleavage of the GPCR-proteolytic
site (GPS) site for activation. Accordingly in some embodiments of the chimeric aGCPR
the GAIN domain does not comprise a GPS. In some embodiments the GAIN domain
comprises a GPS but the GPS is an uncleavable GPS, for example the GPS is not capable
of autoproteolysis. In other, more usual embodiments the GPS is cleavable. The GPS
is in preferred instances cleavable by the GAIN domain. In some embodiments the
GPS is constitutively cleaved by the GAIN domain. In some embodiments the GPS is
cleaved in vitro. In some embodiments the GPS is cleaved when expressed by a cell,
for example when expressed by eukaryotic cell such as a mammalian cell such as a
human cell; or a prokaryotic cell such as a bacterial cell. In some embodiments the

cleavage is constitutive cleavage.

In some embodiments the extraceliular domain comprises a GAIN domain that is not
cleavable by autoproteslysis but also comprises an additional protease site that has
been introduced or engineerad into the protein. The protease site is arranged 50 that
following proteolysis, the aGPCR becomes activated. In some embodiments the
chimeric aGPCR becomes activated upon cleavage of the protease site in the absence

PCT/GB2024/052048
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of binding of the target binding domain to the targel. In some embodiments, the
chimeric aGPCR becomes activated upon cleavage of the protease site only and binding
of the target binding domain to the target. Such embodiments where the chimeric
aGPCR comprises an additional protease site that has been introduced or engineered
into the protein have particular uses in sensing and detection of particular proteases.
In particular embodiments the protease site is a site that can be cleaved by, for
example, a protease that is expressed in the tumour microenvironment. In this way,
the chimeric aGPCR would only become activated in the presence of the corresponding
protease. This can be used to a) determine whether a particular protease is present in
a particular environment such as the tumour microenvironment; and b) can help to
reduce off target effects in embodiments where the chimeric aGPCR is activated only
when the protease site is cleaved by the appropriate protease and where there is
simultaneous binding of the target binding domain to the target. Tumours are known
to express many different types of proteases, for example the cysteine proteases that
include cathepsins, caspases and calpains; the metalio proteases, aspartate proteases,
serine proteases and threonine proteases. Any one or more of the corresponding
proteolytic cleavage sites may be present in the extracellular domain of some
embodiments of the chimeric aGPCR.

The GPS site is typically positioned within the GAIN domain N-terminal of the tethered
peptide agonist, such that following cleavage the tethered peptide agonist remains with
the C-terminal fragment.

As described above, for most aGPCRs, following cleavage of the GPS non-covalent
interactions between the C-terminal fragment (CTF) and the N-terminal fragment
{NTF) keep the two fragments in close association, and prevent receptor activation in
the absence of external forces which may generated when the receptor binds the target
and which may act to perturb the non-covalent interactions between the CTF and NTF.

Accordingly in some embodiments of the chimeric aGCPR cleavage of the GPS motif
produces an N-terminal fragment (NTF) and a C-terminal fragment (CTF), and the NTF
and the CTF remain associated with one another via non-covalent interactions. In
some embodiments the CTF and NTF remain associated via non-covalent interactions
when present in a lipid membrane, for example when the 7TM is present in a lipid
membrane, such as the lipid mambrane of a cell, platelet, or engineered platelat. To
be clear, the target binding domain that is heterologous {o the intracellular tail domain
is part of the NTF,
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In some embodiments association of the NTF and the CTF prevents the tethered
peptide agonist from interacting with the 7TM domain and so prevents activation of

intraceliular signalling.

In all embodiments the chimeric aGPCR is inactive in the absence of binding o the
target. By inactive we include the meaning of not initiating the corresponding
intraceliular signalling cascade relevant to the particular intraceliular signalling domain
{which, as mentioned elsewhere, is comprised of the 3 ICLs of the 7TM and/or the
intraceliular tail domain, e.¢g. the C-terminal tail). By inactive we also include the
meaning of a basal level of activation. GPCRs exhibit different basal activity levels that
depend on the individual characteristics of each receptor. See for example Vizurraga
et al 2020 ] Biol Chem 295: 14065-14083. Basal activity is one state that GPCRs
occupy within a dynamic energy landscape of active and inactive conformations. The
skilled person will appreciate that there is often some “bleed through” in any biological
system, and that even in the absence of the relevant target, there may be some low
level of receptor activation and subsequent intraceliular signalling due to the low level
of switching between inactive and active conformations in the absence of the target.
However the skilled person will also recognise a difference in the level of signalling
from an unactivated (but basal} level of signalling versus the level of signalling obtained
in the presence of the relevant target.

By inactive we also include the meaning that the chimeric aGPCR is in the inactive
conformation. Accordingly the chimeric aGPCR shows an increased level of intracellular
signalling when bound to the target versus when not bound to the target. Accordingly
in some embodiments, the chimeric aGPCR:

a) is inactive in the absence of binding of the target binding domain to the
targel;

b) predominantly occupies the inactive conformation in the absence of binding
of the target binding domain to the targst; and/or

¢) remains in a basal activity state in the absence of binding of the target
binding domain to the target.

The skilled person can readily test for this. For example a receptor which is
constitutively active will show a high level of intracellular signalling whether the target
is present or not; and a receptor that is incapable of being activated by target binding
will show the same absent or basal level of intraceliular signalling whether the target

is present or not.
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Suitable methods to determine the activity of the receptor are described in the
axamples, for example the functional assay of Example 2 and the agitation method in
Example 3.

In instances where the chimeric aGPCR is a receptor that comprises a cleavable GPS
site and cleavage of the GPS produces a NTF and a CTF that remain associated via
non-covalent interactions, the aGPCR may be activated by target binding resulting in
either the physical removal the NTF from the CTF allowing activation of the intraceliular
domain (the “rupture” mechanism); or modulation of the non-covalent interactions
between the NTF and CTF allowing the CTF to be activated - i.e. the NTF and CTF
remain associated in this context but conformational changes due to the application of
the force allows activation of the receptor (the “tuneable” mechanism).

In some embodiments binding of the target binding domain to the farget causes
meachanical forces that are exerted on the NTF/CTF non-covalent interaction.

In some embodiments the mechanical forces are able to:

a} modulate the non-covalent interactions between the NTF and CTF and
activate intracellular signalling, for example by allowing the tethered peptide agonist
to interact with the 7TM and activate intracellular signalling; or

b} rupture the non-covalent interactions between the NTF and CTF and activate
intraceliular signalling, for exampie by exposing the tethered peptide agonist allowing
it to interact with the 7TM and activate intracelular signalling.

In some embodiments where the chimeric aGPCR is a receptor that does not comprise
a cleavable GPS site and cleavage of the GPS does not occur, binding of the target
binding domain to the target causes perfurbation of the conformation of the receptor

activating intraceliular signalling.

As discussed elsewhere herein, in some embodiments it is important that mechanical
forces are exerted on the receptor by target binding. For example In some
aembodimeants where the GPS has been deaved, target binding should exert sufficient
mechanical forces so as to rupture the non-covalent interactions between the NTF and
CTF; or 50 as to modulate those interactions sufficiently s¢ as to allow activation of
intracellular signalling. These forces may be trigged by, in some instances, the target
being a “fixed” target. By a “fixed” target in some embodiments we include the
meaning of a target that is fixed to a physical structure for exampie within the body,
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for example is present on a blood vessel, epithelial layer, or a tumour for example. In
the same or different embodiments we include the meaning that the target is fixed
refative to the dynamics of the chimeric aGPCR, for example there may be some
relative difference in motion between the aGPCR (which will typically be present in the
plasma membrane of a platelet, engineered platelet or cell) and the target, such that
when target binding occurs there is some force exerted on the receptor, for example a
force that can rupture the NTF/CTF interaction or modulate the NTF/CTF interaction to
trigger intracellular signalling; or where the GPS is not present or is not cleaved, a
force sufficient to trigger intraceliular signalling.

However, it is also considerad that binding to any target will exert sufficient forces so
as to result in intraceliular signalling. For example the random Brownian motion of the
receptor present in the plasma membrane relative to the farget is expected to exert
sufficient forces to trigger receptor activation and intracellular signalling.

The force required to rupture or perturb the non-covalent interactions between the CTF
and NTF can be designed by using a particular GAIN domain, and/or by engineering
the sequence of the GAIN domain - see for example Dumas (Uncovering and
engineering the mechanical properties of the adhesion GPCR ADGRG1L GAIN domain
doi: hitps://doi.org/10.1101/2023.04.05.535724), and discussion elsewhere herein.

As will be apparent from the disclosure herein, in some contexts the chimeric aGPCR
of the invention has a use in the context of platelets or engineered platelets as drug
delivery vehicles. Upon target binding the platelet or engineered platelet, which may
be loaded with or expressing a cargo such as a therapeutic cargo, degranulates,
releasing the cargo in the vicinity of the target. Clearly then the chimeric aGPCRs
described herein have a particular utility in the treatment of cancer, and in some
embodiments the target binding domain is able fo bind to, and elicit a response to, a
target associated with cancer.

However, the chimeric aGPCRs described herein are considered to have a wider use
beyond the context of platelets and drug delivery and cancer. For example in some
embodiments the chimeric aGPCRs are considered to have use in the redirected
immunotherapy field, in a similiar way to chimeric antigen receptors are currently used

in the context of T cells.

Accordingly, the target may be any target. For example the target may be any target
towards which a specific binding activity can be arranged, for example an antigenic

i0
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target towards which an antibody or antigen binding fragment thereof can be
generated, or a receptor/ligand arrangement. It will be apparent to the skilled person,
and as discussed elsewhere herein, the target binding domain may be an antibody or
antigen binding fragment thereof.

In some embodiments the targst is a target that causes, upon binding to the target
binding domain of the aGPCR:

a) modulation of the non-covalent interactions between the NTF and CTF and
activation of intracellular signalling, for exampie by allowing the tethered peptide
agonist to interact with the 7TM and activate intraceliular signalling; or

b} rupture of the non-covalent interactions between the NTF and CTF and
activation of intracellular signalling, for example by exposing the tethered peptide
agonist allowing it to interact with the 7TM and activate intracsliiular signalling.

In some embodiments where the chimeric aGPCR is a receptor that does not comprise
a cieavable GPS site and cleavage of the GPS does not occur, the target is a targst that
causes, upon binding to the target binding domain, perturbation of the conformation
of the receptor activating intraceliular signalling.

The target may be a protein or peptide, an antigenic protein or peptide, a carbohydrate
or a lipid. The targel may be any type of target towards which specific antibodies or
antigen binding fragments can be made.

In some embodiments the target binding domain is able to bind to a target that is an
endogenous target that is found on a tissue or subset of a tissue in the body of a
subject or on a cell or in a particular tocation of a subject, for example cancer tissue or
a cancer cell; and/or present on a cell surface, present on a physical structure, present
on the inside of a blood vessel, present on an organ, present on a solid tumour, an
anchored target, a target that has an opposite relative movement to the chimeric
aGPCR when the chimeric aGPCR is present in the plasma membrane of a cell, piatelst
or engineered platelet, present on a cell surface or a tissue surface, a cellular matrix
component, connective tissue, a carbohydrate, collagen, and/or immobilised on a solid
substrate.

For example in some embodiments the target is an endogenous target that is found on
a tissue or subset of a tissue in the body of a subject or on a cell ¢or in a particular
location of a subject, for example cancer tissug or a cancer cell; and/or is present on

a cell surface, present on a physical structure, present on the inside of a biood vessel,
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present on an organ, present on a solid tumour, an anchored target, a target that has
an opposite relative movement to the chimeric aGPCR when the chimeric aGPCR is
present in the plasma membrane of a cell, platelet or engineerad platelet, present on
a cell surface or a tissue surface, a cellular matrix component, connective tissue, a

carbohydrate, collagen, and/or immobilised on a solid substrate.

In some embodiments the target is only presented during one or more disease states,
for example in some embodiments the target is a neocantigen that arises in a tumour
cell; and/or 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; and/or is an antigen associated with
a disease, disorder or condition, for example a tumour necantigen or a tumour spedific

antigen.

In some embodiments the target binding domain comprises a peptide associated with
autoimmunity, for example:

a peptide or portion of any one or more of the following proteins: MOG, GADBSS5,
MAG, PMP22, TPQ, VGKC, PLP, AChR, TRIBZ2, NMDA, GluR, GAD2Z, ARMCS, CYP21A2,
CASR, NASP, insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D6, LF,
TTG, H/K ATP-ase, Factor XIII, Beta2-GPI, ITGB2, G-CSF, GP IIb/Ila, COLII, FBG beta
alpha, MPO, CYO, PRTN3, TGM, COLVIE, COIL, DSGL, DSG3, SOX10, 70SNRNP70, SAG
and a3(IVINCI collagen; or

a peptide or portion that has at least 75%, 80%, 85%, 0%, 92%, 94%, 96%,
98% or 100% sequence identity to any one or more of the following proteins: MOG,
GADSS, MAG, PMP22, TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GAD2, ARM(CS,
CYP21A2Z, CASR, NASP, insulin, TSHR, thyroperoxidase, asioglycoprotein receptor,
CYP2D6, LF, TTG, H/K ATP-ase, Factor XIII, Beta2-GPI, ITGB2, G-CSF, GP lib/lia,
COLIL, FBG beta alpha, MPO, CYQ, PRTN3, TGM, COLVII, COIL, DSGL, DSG3, SOX10,
7OSNRNP70, SAG and a3(IVINC1 collagen.

The present invention is considered to be particularly useful in the context of an
engineered platelet, such as those described in WO 2022/263824. In some
ambodimeants the platelet has been engineered to have reduced thrombogenicity or to
be non-thrombogenic. In these instances, where the chimeric aGPCR is present in the
membrane of a platelet or an engineered platelat, binding of the target binding domain
1o the targel:

i2
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a) results in degranulation of the platelet or engineered platelet;

b) results in the release of contents from the platelet or engineerad platelet;
¢} results in the presence of intraplatelet contents on the plasma membrane of
the platelet or engineered platelet;

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

&) results in a change of shape of the platelet or engineered platelet from a
biconcave disk to fully spread cell fragments.

Some examplary targets are described below - for exampie in some embodiments, the
target binding domain binds to a target that is:

an endogenous target;

an endogenous target that is found on a tissue or subset of a tissue in the
bedy of a subject or on a cell or in a particular location of a subject, for
examplie cancer tissue or a cancer cell;

present on a cell surface;

present on a physical structure for example inside the body or coated on to
the walls of a well of a plate;

present on the inside of a biood vessel;

present in plasma or blood of a subject;

present on an organ;

present on a solid tumour

an anchored target;

target that has an opposite relative movement to the chimeric aGPCR when
the chimeric aGPCR is present in the plasma membrane of a cell, platelet or
engineered platelet;

a cellular matrix component;

is or is present on connective tissue

a carbohydrate;

collagen; and/or

immobilised on a solid substrate

present on a cancer tissue or a cancer cell;

only presented during one or more disease states, for example in some

embodiments the target is a necantigen that arises in a tumour cell;

i3
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only present in significant amounts for example abnormal levels on a tissue
or call that does not normally express the target and/or is only present in a
iocalised manner during or more disease states;

an antigen associated with a disease, disorder or condition, for example a
tumour neoantigen or a tumour specific antigen;

an artificial or exogenous target;

CD19;

CD276;

IL2;

KLK;

Amyloid;

a Notch receptor;

OLR1;

MadCAMY;

a cytokine receptor;

collagen;

not collagen;

a designer drug;

a drug that has been designed using DREADD;

a protein selected from Table 2 on pages 23-31 of PCT/GB2020/053247
which is hereby incorporated by reference; and/or

an auteoimmune B cell,

D276 is an identified immunoregulatory protein which is overexpressed in tumor
tissues (see Zhao et al 2022 Journal of Hematology and Oncology 15: article 153},
https://jhoonline.biomedcentral.com/articles/10.1186/513045-022-01364-7)

Mucosal vascular addressin cell adhesion molecule 1 (MAJCAM-1} profeins are cell
adhesion molecules expressed on the endothelium in mucosa. The protein guides the
specific homing of iymphocytes into mucosal tissues. Antibody targeting MAJCAM1 has
been developed for the treatment of ulcerative colitis and Crohn's disease {see Wang
et al 2020 1 Clin Pharmacol 60: 903-914).

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.

In some embodiments the target is not a soluble targst.

14



[5) ]

16

20

25

35

WO 2025/027344 PCT/GB2024/052048

Although typically the chimeric aGCPR will be designed so as to have a target binding
domain that binds directly to the ultimate target, or the desired target, i.e. the target
towards which a particular response is to be directed, such as to a necantigen present
on a cancer cell, in some embodiments the aGPCR may be considered to be a universal
aGPCR which is designed so as to bind to an intermediate adaptor protein or peptide,
for example that itself comprises a peptide tag and a target binding domain that can
bind to the ultimate target or the desired target i.e. any target towards which the
aGPCR is intended to be targeted to. The premise is that the subject is administered
an intermediate adaptor protein or peptide that itself binds to the targets as describad
herein (herein termed the ultimate target binding domain, in the context of the
intermediate adaptor protein or peptide), such as a cancer antigen, bul which also
comprises a portion, such as a peptide tag, that can be bound by the target binding
domain of the chimeric aGPCR. In this way the target is essentially coated with the
intermediate adaptor protein or peptide allowing the chimeric aGPCR described herein
to bind to the cell or target (i.e. the ultimate target) via the intermediate adaptor
protein or peptide. Alternatively, a complex is pre-formed prior to administration
between the chimeric aGPCR that has a target binding domain that can bind to a tag
(i.e. a tag binding domain), and the intermediate adaptor protein or peptide that
comprises the uliimate target binding domain, so that the pre-formed complex is
administered to a patient. An advantage of this system is that the aGPCR does not
necessarily have to be redesigned for sach new target, and instead a new intermediate
target protein or polypeptide can be designed o the relevant target and incorporating
the corresponding tag peptide. Such systems in the context of ITAM containing
Chimeric Antigen Receptors have been proposed by Janh Hwan Cho et a/ in 2018 Cell
173:1426-1438.

In these instances the target binding domain of the chimeric aGPCR could be said to
be an adaptor protein or peptide binding domain. Said adaptor protein or peptide
comprises a portion that is able to bind to the target binding domain of the chimeric
aGPCR, and a portion that is a target binding domain. Preferences for the target
binding domain of the adaptor protein or peptide are as described elisewhera herein in
refation to the target biding domain of the chimeric aGPCR.

Preferably the intermediate adaptor protein or peptide comprises a portion that is a

peptide tag, and the target binding domain of the chimeric aGPCR binds o the peptide
tag
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It will be appreciated that the invention also provides a complex comprising:
a}) a chassis of the invention that expresses one or more chimeric aGPCR of the
invention; and

B} an intermediate adaptor protein or peptlide,

wherein the intermediate adaptor protein or peptide comprises an ultimate target
binding domain and a tag, optionally a peptide tag,

and where the target binding domain of the chimeric aGPCR of the invention is a tag
binding domain that can bind to the tag of the intermediate adaptor protein or peptide
and wherein the ultimate target binding domain of the intermediate adaptor
polypeptide or protein is able fo simultaneously bind to the ultimate target and to the
chimeric aGPCR of the invention.

Preferences for the ultimate target binding domain are as described herein for the
target binding domain of the chimeric aGPCR.

The skilled person will appreciate that when any of the chassis as described herein are
described as expressing one or more chimeric aGPCRs, it is intended to include the
meaning that the chassis expresses the one or more chimeric aGPCRs on the cell

surface e, in the plasma membrane as is usual for an aGPCR.

Accordingly, the contact between the chassis that expresses the chimeric aGPCR and
the intermediate adaptor protein occurs at the cell surface or platelet surface or
engineered platelet surface, between the chimeric aGPCR present in the cell or platelst
surface, and the intermediate adaptor protein or peptide.

Accordingly in some embodiments the target to which the target binding domain of the
chimeric aGPCR is a peptide tag. In preferred embodiments the peptide tag 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 intermediate adaptor protein or
peptide is a single protein or peptide that comprises both the tag and the ultimate
target binding domain.

In other embodiments the target binding domain of the chimeric aGPCR does not bind
to a peptide tag.

Paptide tags as described herein are typically short peptide sequences (l.e. seguences
of aming acids) well known in the molecular bioclogy field, where it is routine to express

PCT/GB2024/052048
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a peptide or polypeptide sequence of interest wherein the seguence has been extended
to include a relatively short additional sequence, encoding the tag. EBExamples of
suitable peptide tags include the FLAG-tag, V5-tag, Myc-tag, HA-tag, Spot-tag, T7-
tag, NE-tag and a leucine-zipper {(Hwan et al 2018 Cell 173: 1426-1438).

By peptide tag we also include the meaning of protein domains that are known {o have
interactions with the same or heterologous protein domains. For example in some
embodiments the target binding domain of the aGPCR may comprise a leucine zipper
domain. In this embodiment the intermediate adaptor protein or peptide may comprise
an ultimate target binding domain, such as an scfv fused to a leucineg zipper domain,
allowing association between the chimeric aGPCR of the invention and the leucine
zipper of the intermediate adaptor protein or peptide. Similarly, coiled-coil domains
may be employed that form associations with one ancther (forming either homodimers
or heterodimers) to allow association of the chimeric aGPCR and the ultimate target
binding domain of the intermediate adaptor protsin or peptide.

Although the tag is typically a peptide tag, in some embodiments the tag may be any
moiety that can act as a binding partner for the chimeric aGPCR. Thus, a non-peptide
tag can be any chemical entity to which the tag binding doemain has affinity. The tag
can be selected from, for example, any organic molecule, a small molecule, or a

hapten. Tags can for example take the form of nucleic acids, for example aptamers.

Accordingly, it will be clear to the skilled person that the invention also provides a
complex comprising a chimeric aGPCR of the invention that is bound to or interacts
with an intermediate adapior protein or peptide that comprises an ultimate target
binding domain and a tag such as a peptide tag. In any embodiment of the invention,
the target binding domain {or ultimate target binding domain on in the context of the
adaptor intermediate protein or peptide) may be any domain with the ability to the
bind to the required target.

Typically the target binding domain is a proteinaceous domain, such as a target-binding
ligand or fragment thereof, or antibody or antigen binding fragment thereof that binds
specifically to said target.

The target binding domain may be the same as or a variant of an endogenous farget
binding domain. By endogenous we include the meaning of being endogencus o a
particular cell, endogenous {0 a particular tissue, or endogencus to a particular host
organism such as a mammal such as a human. For example in some embodiments
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the target binding domain is a human target binding domain with an amino acid
sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to a human target binding domain sequence. However, although the
target binding domain may be endogenous to a specific host or species such as a
human, it is still heterologous to the intraceliular tail domain, for exampie the C-
terminal tail domain of the chimeric aGPCR.

The target binding domain may comprise a non~-human target binding domain

sequence, for example a humanised sequence or a sequence from a mouse.

In some preferred embodiments the target binding domain comprises:

an antibody or antibody fragment that binds specifically to said target;

a variable heavy chain domain and/or a variable light chain domain;

an scFv;

a nanocbody;

a Fab;

a kappa light chain or a fragment thereof targeting;

a synthetic binding scaffold such as a monobody, affibody, DARPIn or knottin;

anti-CD19 scFv domains, such as FMCE3 scFv domains see for example SEQ 1D
NO: 15;.

anti-CD276 scFv domains, such as Encbilituzumab scFv domains see for example
SEQ ID NO: 16 or Omburtamab see for example SEQID NO:17; and/or

anti- MAdCAMI scFv domains, such as Ontamalimab scFv domains see for

example SEQ 1D NO: 18
The target binding domain may be any antibody or antibody derived fragment,
including those described above. Antigen binding fragments of antibodies are available
in many formats, and all antigen-binding fragments and derivates, natural or

engineered/synthetic, are contemplated by this invention.

The skilled person will appreciate that an antibody or antigen binding fragment thereof
typically comprises of a heavy chain and a light chain polypeptide, each contributing
to the variable epitope-binding region via their three CDR regions supported by a
framewcork region. Single chain antibodies that can bind specifically to a target are
known, which require only three CDR regions.

Accordingly in some embodiments the target binding domain comprises oneg, two,
three, four, five, or six COR regions, for example comprises one, two, three, four, five,
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or six CDR regions from a light chain or a heavy chain of an antibody. In some
ambodiments the target binding domain comprises one, two or three CDR regions from
a light chain. In other embodiments the target binding domain comprises one, two or
three CDRs from a heavy chain. In other embodiments the target binding domain
comprises one, two or three CDRs from a light chain and one, two or three CDRs from
a heavy chain. In specific embodiments the target binding domain comprises three
CDRs from a light chain and three CDRs from a heavy chain.

As set out above, the premise of the chimeric aGPCR of the invention is to direct a
particular intraceliular signalling response to a particular target. For example the
chimeric aGPCR may comprise a target binding domain that binds to a desired target,
and the appropriate intraceliular tail domain for example the C-terminal taif and/or the
ICLs of the 7TM that associate with a particular G protein to elicit the desired

intraceliular signalling response.

In this way the aGPCR may be considered to comprise of a number of modular units
or domains that may be interchanged with other known units, or interchanged with
rationally designed or synthetic units. Al combinations of domains are considered to
be appropriate in the context of the chimeric aGPCR.

In some embodimeants some of the domains of the chimeric aGPCR are found naturally
together in natural or wildtype aGPCRs. For example in some embodiments the
intracellular tail domain for example the C-terminal tail is autologous to the 7TM
domain i.e. the intraceliular tail domain for example the C-terminal tail and 7TM are
found together in nature and it is only the N-terminal domain that is interchanged. In
some embodiments the intraceliular tail domain for example the C-terminal tail is
autologous to the GAIN domain; and/or

the intracelular tail domain for example the C-terminal tail is autologous to the
GPS motif.

In some embodiments the:

a} the intracellular tail domain for example the C-terminal tail;

b) seven-transmembrane domain (7TM}; and

¢} GPCR autoproteclysis-inducing domain {GAIN domain) that comprises a
tethered agonist peptide and that constitutively deaves a GPS motif; and

dy GPS motif that is cleaved by the GAIN domain

ig
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are autologous to one another.

In some embodiments the:

[5) ]

GAIN domain is heterologous to:

the 7TM domain;

the intracellular tail domain for example the C-terminal tail; and/or
the target binding domain.

10 In some embodiments the:

a}) intracellular tail domain for example the C-terminal tail;

b} seven-transmembrane domain (YTM}; and

¢} GPCR autoproteolysis-inducing domain {GAIN domain) that comprises a
15 tethered agonist peptide and that constitutively cleaves a GPS motif; and

d) GPS motif that is cleaved by the GAIN domain

are from the same naturally occurring aGPCR.

20 In some embodiments the:
a) intracellular tail domain for example the C-terminal tail;
b} seven-transmembrane domain (7TM); and
¢) GPCR autoproteolysis-inducing domain {GAIN domain) that comprises a
tethered agonist peptide and that constitutively cleaves a GPS motif; and/or
25 d) GPS motif that is cleaved by the GAIN domain

are from the same naturally occurring aGPCR, and wherein any one or more of the:

a) intracellular tail domain for example the C-terminal tail;

30 b} seven-transmembrane domain (7TM); and
¢} GPCR autoproteolysis-inducing domain {GAIN domain) that comprises a
tethered agonist peptide and that constitutively deaves a GPS motif; and/or
d} GPS motif that is cleaved by the GAIN domain

35 comprises an aming acid sequence that has at least 75%, 80%, 85%, 90%, 22%,

94%, 96%, 98% or 100% sequence identity to the corresponding domain of the

naturally occurring aGPCR,
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In any of the embodiments, any one or more of the three ICLs of the 7TM may comprise
one or more mutations, substitutions or insertions or deletions. For exampie such
mutations, substitutions, insertions or deletions may be introduced to alter the
interaction between the 7TM and particular G proteins, for example may be o allow
interaction of one of more of the ICLs with a different G protein to the G protein the
one or more ICLs would interact with absent those mutations, substitutions, insertions
or deletions.

As mentionad above, the chimeric aGPCR of the invention can be fully modularised,
and all combinations of domains, naturally occurring, synthetic or engineered are
contemplated. In some embodiments the chimeric aGPCR comprises the following

combination of naturally occurring and engineered and/or synthetic domains:

Engineered

Naturally Naturally Naturally and/or synthetic
OCCUrFing OCCUrTing oCcurring domain
{a) {b) {c) {d}

{a) {b) {d) {c)

{a} {c) {b) {d)

{a) {c) {d) {b}

(a} {d) {b) {c)

(a) {d) {c) {b)

{b) {a) {c) {d)

() {a) {d} {c}

{b) {c) {a) {d)

(b} fe} {d) {a}

{b) {d) {a) ()

(b} {d) {c) {a)

{c) {a) {b) {d)

{c) {a) {d) {b)

{c) {b) {a) {d}

{c) {b) {d) {a)

{c) {d) {a) {b}

{c) {d) {b) {a)
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{a)

Engineered

domain

{d}

{a)

{a)

Engineered

and/or synthetic | and/or synthetic

domain

{a)

{a)

{b)

{c}

Naturally

occurring

{d)

{b}

{d}

{d)

{d)

{d)

Naturally

QCCUrring

(a)

{b)

(i)
{b)

(b}

{c)

{d)
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Engineered

domain

{a)

Engineered

domain

{c)

{c)

{a)

Engineered

and/or synthetic | and/or synthetic | and/or synthetic

domain

{b)

{d)

{a)

{c}

{d)

{b)

{d)

{d}

{d)

Naturally

oCeurring

(a)

it

{b)

{c)

{c}

{d)

{d)

{d)
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Engineered Engineered Engineered Engineered
and/or synthetic | and/or synthetic | and/or synthetic | and/or synthetic
domain domain domain domain

{a) {b) {c) {d}

wherein {a) is the intracellular tail domain for example the C-terminal tail domain; (b)
is the seven-transmembrane domain (7TM} that comprises three ICLs; (¢} is the GPCR
autoproteoclysis-inducing domain (GAIN domain) that optionally comprises a tethered
agonist ; and {d) is the GPS motif that is optionally present and which in some
embodiments is cleaved by the GAIN domain;

and where an engineered domain is:

a} a domain that comprises an amino acid sequence that has at least one
substitution, insertion or deletion relative to the native or naturally occurring domain;

B} a domain that comprises an amino acid sequence that has at least 75%,
80%, 85%, 90%, 92%, 94%, 6%, 98% or 100% sequence identity to the naturally
occurring domain; and/or

¢} is a rationally designed or synthetic demain.

By rationally designed or synthetic domain we include the meaning that the domain
has been designed de novo, rather than relatively minor engineering of known
domains. We also include the meaning that the domain has an amino acid sequence
with less than 75% sequence identity to known corresponding naturally occurring
domains. For example it is known that it is possible to have functionally and
conformationally equivalent domains which show very little sequence identity.

The invantors have found that different GAIN domains have different sequence and/or
structural complexities, whilst retaining similar functions, and there are some
advantages in using a relatively simple GAIN domain in the context of the chimeric
aGPCRs. For example in some embodiments it is considered that the GAIN domain of
the ADGRG1 aGCPR is relatively simple compared to the GAIN domain from ADGRGS.
Accordingly in some embodiments of the chimeric aGPCR the GAIN domain (domain
(¢} in the above table) is the GAIN domain from ADGRG1 [SEQ ID NO: 35, oris a
GAIN domain with an amino acid sequence that has at least 75%, 80%, 85%, 90%,
92%, 94%, 96%, 98% or 100% sequence identity to SEQ ID NO: 35. For example the
GAIN domain may be from, or may be derived from (i.e. have some sequence
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divergence from) the GAIN domain of ADGRGI, but the target binding domain,
intraceliular tail for example the C-terminal tail and 7T™M domain may all be from
proteins other than ADGRGI, or indeed one or more of them may be rationally
designed, engineered or synthetic.

For example in some embodiments of the chimeric aGPCR, the GAIN domain is a GAIN
domain with an amino acid sequence that has at least 75%, 80%, 85%, 90%, 92%,
4%, 96%, 98% or 100% sequence identity to SEQ ID NO: 35, and wherein:

the intraceliular tail is not from ADGRGI;

the target binding domain is not from ADGRGIL; and/or

the 7TM domain is not from ADGRGI.

In some embodiments the GAIN domain is:

The GAIN domain from ADGRLL and has a seguence of SEQ ID NO: 27;
The GAIN domain from ADGRL3 and has a sequence of SEQ ID NO: 28;
The GAIN domain from ADGREZ and has a sequence of SEQ ID NO: 29;
The GAIN domain from ADGRG2 and has a sequence of SEQ ID NO: 30;

or is a GAIN domain with an amino acid sequence that has at least 75%, 80%,
85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to any of SEQ ID NO:
27, 28, 28 or 30.

For example in some embodiments the GAIN domain is from ADGRLL and has a
sequence of SEQ ID NO: 27 or has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%,
98% or 100% sequence identity to SEQ ID NO: 27 but the target binding domain,
intracellular tail for example the C-terminal tail, and the 7TM domain may all be from
proteins other than ADGRL1, or indeed one or more of them may be rationally
designed, engineered or synthetic.

For example in some embodiments the GAIN domain is from ADGRL3 and has a
sequence of SEQ ID NO: 28 or has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%,
98% or 100% sequence identity to SEQ ID NO: 28 but the target binding domain,
intracellular tail for example the C-terminal tail, and the 7TM domain may all be from
proteins other than ADGRL3, or indeed one or more of them may be rationally
designed, engineered or synthetic.

For example in some embodiments the GAIN domain is from ADGRE2 and has a
sequence of SEQ ID NO: 29 or has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%,
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98% or 100% sequence identity to SEQ ID NO: 29 but the target binding domain,
intracellular tail for example the C-terminal tail, and the 7TM domain may all be from
proteins other than ADGREZ, or indeed one or more of them may be rationally
designed, engineered or synthetic.

For example in some embodiments the GAIN domain is from ADGRGZ and has a
sequence of SEQ ID NO: 30 or has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%,
98% or 100% seguence identity to SEQ ID NO: 30 but the target binding domain,
intraceliular tail for example the C-terminal tail, and the 7TM domain may all be from
proteins other than ADGRGZ, or indeed one or more of them may be rationally
designed, engineered or synthetic.

The GAIN domain may be an engineered GAIN domain. For instance Dumas et a/
{Uncovering and engineering the mechanical properties of the adhesion GPCR ADGRG1L
GAIN domain doi: https://doi.org/10.1101/2023.04.05.535724) have shown that
computational designed of GAIN variants to lock the aipha and beta subdomains and
rewire mechanically-induced structural deformations modulates the GPS-Stachel
rupture forces. Accordingly in some embodiments the GAIN domain is an engineered
GAIN domain, having at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to naturally occurring GAIN domains. In some embodimentis the
GAIN domain is a rationally designed or synthetic GAIN domain which has less than
75% sequence identity to naturally occurring GAIN domains. In some embodiments
the GAIN domain has been engineered to increase the force required to rupture the
association between the GPS and tethered agonist, or between the NTF and the CTF.
In other embodiments the GAIN domain has been engineered 1o decrease the force
required to rupture the association between the GPS and tethered agonist, or between
the NTF and the CTF

The chimeric aGPCRs of the invention are considered to be useful in triggering
intraceliular signalling in response to an appropriate target. In preferred embodiments
then the chimeric aGPCR is capable of activating intracelular signalling. For example
is capable of activating intraceliular signalling when the chimeric aGPCR is localised to
the plasma membrane of a cell, a platelet or an engineered platelet. The skilled person
can readily test the ability of a particular aGPCR o activate intracellular signalling. For
example in some embodimeants the cell, platelet or engineerad platelet that expresses
the aGPCR is incubated and agitated in the presence of the target and a determination
of the activation of intracellular signailing is made. However, as described elsewhere
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herein, it is considerad that the general molecular motion of the target-bound aGPCR
relative to the call and the target is sufficient to trigger activation of the chimeric aGPCR

and intraceliular signalling.

Where agitation is employed in an assay to determine chimeric aGPCR activation, the
agitation may be performed by shaking at a speed of:

At least 10 rpm, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190 or at least 200 rpm;

Less than 200 rpm, 190, 180, 170, 160, 150, 140, 130, 120, 110, 100, S0, 80,
70, 60, 50, 40, 30, 20 or less than 10 rpm; and/or

Between 10 rpm and 200 rpm, 20 rpm and 190 rpm, 30 rpm and 180 rpm, 40
rpm and 170 rpm, 50 rpm and 160 rpm, 60 rpm and 150 rpm, 70 rpm and 140 rpm,
80 rpm and 130 rpm.

The skilled person will appreciate the various methods by which activation of the
chimeric aGPCR and subsequent intracellular signalling can be determined. For
example in some instances the cell, platelet or engineered platelet that expresses the
chimeric aGPCR also comprises a reporter system that comprises a reporter protein
that is expressed when intraceliular signalling is activated. For example the reporter
protein may be expressed from a promoter that comprises a nuclear factor of activated
T cells (NFAT) response element, for example the reporter protein may be a luciferase
enzyme. Similar assays can be performed to detect the increase in intracelivlar calcium
using calcium indicator dyes such as Fiuo-4. Other methods are available to detect the
different intraceliuiar signalling responses elicited by interaction of the C-terminai
signalling domain (that as described elsewhere may comprise the intraceliular tail for
example the C-terminal tail and/or one or more of the ICLs of the 7TM) with different
G proteins.

Determination of whether a particular chimeric aGPCR has been activated or not can
be made by detecting the expression or activity of the reporter protein, for example
detection of the expression or activity of luciferase.

As well as engineering aGPCRs to redirect the intracellular signalling response to new
targets, the intraceliular signalling domain, i.e. the intracellular tail and/or any one,
two or three of the ICLs of the 7TM, itself may be engineered to alter the intraceliuiar
signalling response.
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As set out elsewhere herein, the skilled person will appreciate that the C-terminal
intracellular signalling domain encompasses one, two or three of the 7TM intraceliular
loops (ICLs) and/or the C-terminal tail. G proteins, in particular Ge, interact with
GPCRs through the ICLs of the 7TM region. G proteins also interact with C-terminal
tail. In this way the intracellular signaliing domain is actually composed of four
discontinuous regions - the three ICLs and the C-terminal tail. The C-terminal tail
mainly interacts with signaling proteins such as arrastin, which prevent GPCR activation
and recruits other signaling molecules such as ERK/INK.

For example in some embodiments the intraceliular tail domain, for exampie the C-
terminal tail domain , comprises one ¢r more substitutions, insertions or deletions as
compared to the autologous intracelular tail for example the autologous C-terminal
tail or to a wild-type intracellular tail for example the autologous C-terminal tail.
Similarly, and as mentioned above, in some embodiments the 7TM domain comprises
one or more substitutions, insertions or deletions as compared to the autologous 7TM
or to a wild-type 7TM,, for example in some embodiments:

the one or more substitutions, insertions or deletions in the intraceliular tail for
example the C-terminal tail, and/or the 7TM increases the intraceliular signalling
response as compared to the autologous intraceliular tall for example the C-terminal
fail, and/or the 7TM or to a wild-type intraceliular tail for exampile the C-terminal tail,
and/or the 7TM, that does not comprise the same one or more substitutions, insertions
or deletions; or

the one or more substitutions, insertions or deletions in the intraceliular tail for
example the C-terminal tail, and/or the 7TM decreases the intracellular signalling
response as compared to the autologous intraceliular tail for example the C-terminal
tail, and/or the 7TM i or to a wild-type intraceliular tail for example the C-terminal tail,
and/or the 7TM that does not comprise the same one or more substitutions, insertions
or deletions;

and/or

the one or more substitutions, insertions or deletions in the intraceliular tail
for example the C-terminal tail, and/or the 7TM alters the specificity of the intraceliular
signatling response as compared to the autologous intraceliular tail for example the C-
terminal tail, and/or the 7TM or to a wild-type intracellular tail for example the C-
terminal tail, and/or the 7TM i that does not comprise the same one or more
substitutions, insertions or deletions resulting in altered signalling pathway activation.
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By alters the specificity of the intraceliular signalling response we include the meaning
that the intracellular tail for example the C-terminal tail, and/or the 7TM  is modified
s0 as to allow interactions with different or additional G proteins. For example, the C-
terminal tail, and/or the 7TM ICLs that would normally interact with G protein Gag /
Gos is engineered by replacing the original Gag C-terminal GPCR binding sequence
with the sequence from Gas. The chimeric G protein Gag / Gas enables the Gas
dependent aGPCR  (rather than original Gaq dependent aGPCR} to activate
downstream Gaq signalling pathway upon activation.

In some embodiments any one or more of the 3 cytoplasmic loops of the 7TM, or the
C-terminal tail may be medified, for example may comprise one or more substitutions
or insertions or deletions, or otherwise engineered or designed sequences, 50 as o
effect the desired intracellular signalling.

The sensitivity of the response of a call or platelet ¢or engineered platelet for example
to a particular signal is considerad to reside, at least in part, by the number of relevant
chimeric aGPCR molecules present on the cell or platelet or engineered platelet surfacea.
One means of affecting the level or amount of receptors present on the cell surface is
to use an appropriate signal peptide. Signal peptides are short peptide sequences that
are read internally by the cell as a signal to transport the protein o the cell surface.

In some embodiments then the chimeric aGPCR of the invention comprises a signal
peptide. In some embodiments the signal peptide has been selected to achieve a
desired level of chimeric aGPCR at the cell, platelet, or engineered platelet suiface.
The skilled person will understand how {o select the appropriate signal peptide for the
given situation. See for example O'Neill et al 2023 Protein-specific signal peptides for
mammalian vector engineering
https://www. biorxiv.org/content/10.1101/2023.03.14.532380v1

Exemplary signal peptides include the following:

ADGRG1 signal peptide MTPQSLLQTTLFLLSLLFLVQGAHNG [SEQ ID NO: 1]
ADGRFS signal peptide MKSPRRTTLCLMFIVIYSSKA [SEQ ID NO: 2]
FCERG signal peptide MIPAVVLLLLLLVEQAAA [SEQ ID NO: 3]

CD28 signal peptide MLRLLLALNLFPSIQVTG [SEQ ID NO: 4]

Platelet signal peptide — GPIIb {(allb)

298



[5) ]

10

15

20

25

(€3]
w

40

45

50

WO 2025/027344

MARALCPLOALWLLEWVLLLLGPCAAPPAWA [SEQ ID
NO: 5]

Platelet signal peptide - GPIlla (B3)
MRARPRPRPLWATVLALGALAGVGVG [SEQ ID NO:
6}

Platelet signal peptide - GPIBa MPLLLLLLLLPSPLHP [SEQ ID NO: 7]

Platelet signal peptide - GPIX MPAWGALFLLWATAEA [SEQ ID NO: 8]

Platelet signal peptide - GPV MLRGTLLCAVLGLLRA [SEQ ID NO: 9]

MAPFASLASGILLLLSLITSSKA [SEQ ID NQ: 36]
MLLGPGHTLSAPALALAVTLTLLVRSASP [SEQ ID NO: 37}
MLLSVPLLLGLLGLAAA [SEQ ID NO: 38]

MQELRGILLCLLLAAAVPTTP [SEQ ID NO: 39]

MRYVASYLLAALGGNS [SEQ ID NO: 401

MGKSPEAWCIVLFSVLASFSA [SEQ ID NO: 411 MASSGSVQQPRLVLLMLVLAGAARA [SEQ ID
NO: 421 MRWKIIQLQYCFLLVPCMLTALEA [SEQ ID NUO: 431
MLSRSLLCLALAWVARVGA [SEQ 1D NO: 44]
MRFSCLALLPGVALLLASARLAAA [SEQ ID NO: 45]
MRVLWVLGLCCVLLTFGFVRA [SEQ ID NG 46]
MKFPMVAAALLLLCAVRA [SEQ ID NO: 47]

MRSLLLASFCLLAVALA [SEQ ID NO: 48]

MKILLLCVGLLLTWDRNGMYLG [SEQ ID NO: 49]
MLRISGRNMKVLFAAALIVGSVVFLLLFGPSVA [SEQ ID NO: 50]
MAATVRRORPRRLLCWTLVAVLLADLLALS [SE [SEQ ID NO: 51}
MKMGVRLAARAWPLCGLLLAALGGVCA [SEQ ID NO: 52]
MWWRLWWLLLLLLLEWLALAAAA [SEQ ID NO: 53] MGWSLILLFLVAVATRVLS [SEQ ID NO:
541

MDFQVQIISFLLISASVIMSRG [SEQ ID NO: 55}
MEFGLSWVFLVALFRGVQC [SEQ ID NO: 56]

MKWVTFISLLFLFSSAYS [SEQ ID NO: 57]

MKLPVRLLVLMFWIPAASA [SEQ ID NO: 58]

MNLLLILTFVAAAVA [SEQ ID NO: 59]

MGSAALLLWYLLLWVPSSRA [SEQ ID NG: 60]
MTRLTVLALLAGLLASSRA [SEQ ID NO: 617
MWWRLWWLLLLLLLLWPMVYWA/AA [SEQ ID NO: 62]
MKLPVRLLYLMFWIPASSS [SEQ ID NO: 63]
MDMRVPAQLLGLLLLWLSGARC [SEQ ID NG: 64]
MKYLLPTAAAGLLLLAAQPAMA [SEQ ID NG: 65]

MGVKVLFALICIAVAEA [SEQ 1D NO: 66]

MPLLLLLPLLWAGALA [SEQ ID NGO: 67]

MRARALLAVLLLLLLVGIAAAA Synthetically designed [SEQ ID NO: 68]
MATATLLAVLLLLLLVGSAGGA Synthetically designed [SEQ ID NO: 68]
MRARALLVVLVLVVLLGVASSA Synthetically designed [SEQ ID NO: 70]
MPGPGAALLLLLLVLLGLGSAA Synthetically designed [SEQ 1D NO: 71]
MTTTTVLLLLVLVVLAGLTSGA Synthetically designed [SEQ ID NO: 72]

The signal peptide may have at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to the above segquences.

In some embodiments the signal peptide may be a naturally occurring signal peptide.
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In some embodiments the signal peptide is not a naturally occurring signal peptide.
In some embodiments the signal is an engineered signal peptide. For example in some
embodiment the signal peptide comprises a sequence that has at lesast 75%, 80%,
85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to a naturally occurring
signal peptide.

In some embodiments the signal peptide is a rationally designed signal peptide and in
some further embodiments has less than 75% sequence identify to a naturally
occurring signal peptide. For example the signal peptide may have less than 75%
sequence identity to any of SEQ ID NO: 1-9, 36-72.

As mentioned esisewhere herein, the intracellular tail domain, for example the C-
terminal tail is heterologous to the target binding domain, but the intraceliular tail
domain, for example the C-terminal tail may be autologous to the GAIN domain and/or
the 7TM domain.

Various intraceliular signalling domains (i.e. combinations of one, two or three ICLs
from the 7TM and/or the C-terminal tail} from GPCRs are known, and they interact
with different G proteins, triggering different intraceliular signalling response.  In some
embodiments the C-terminal signalling domain (i.e. combinations of one, two or three
ICLs from the 7TM and/or the C-terminal tail) is selected s0 as to provide an
appropriate or desired intracellular signalling response upon target binding to the
target binding domain.

For example, when the target binding domain binds to the target, an:

intraceliular domain that comprises a domain that interacts with a Gag subunit
activates beta-type phospholipase C (PLCB);

intraceliular domain that comprises a domain that interacts with a Goas subunit
stimulates the cAMP-dependent pathway by activating adenylyl cyclase and increasing
intraceliular cAMP levels,

intracetiular domain that comprises a domain that interacts with a Gai/o subunit
inhibits adenylyl cyclase and decreases intraceliular cAMP;

Intraceliular domain that comprises a domain that interacts with a Ga 12/13

subunit activates the RhoA pathway; or

Intraceliular domain that comprises a domain that interacts with a Ga 16 subunit
activates PLC-B /PI3K/Akt/MAPK/NF-«B pathwavys.
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In the context of PLC-B, once PLC-B is activated PLC-B hydrolyzes phosphatidylinositol
4 5-bisphosphate (PIP2) to diacyl glveerol (DAG) and inositol trisphosphate (IP3).
IP3 acts as a second messenger to release stored calcium into the cytoplasm, while
DAG acts as a second messenger that activates protein kinase C (PKC).

For example, in some embodiments the intraceliular tail, for example the C-terminal

tail:

Comprises a domain that interacts with a Gag subunit and when the aGPCR is
activated activates beta-type phospholipase C (PLCR);

Comprises a domain that interacts with a Gas subunit and when the asGPCR is
activated stimulates the CAMP-dependent pathway by activating adenyiyl cyclase and
increasing intraceliular CAMP levels;

Comprises a domain that interacts with a Gai/o subunit and when the aGPCR is
activated inhibits adenvylyl cyclase and decreases intraceiiular cAMP;

Comprises a Ga 12/13 subunit and when the chimeric aGPCR is activated activates the
RhoA pathway; and/or

Comprises a domain that interacts with a Go 16 subunit and when the chimeric
aGPCR is activated activates PLC-8 /PI3K/AkL/MAPK/NF-«B pathways.

In platelets, intraceliular calcium plays a central role in the regulation of degranulation.
Inositol triphosphate (IP3}, which is produced by the activation of Ga-coupled receptors
on the platelet surface, binds to IP3 receptors on the endoplasmic reticuium, leading
to the release of Ca2+ into the cytosol. This increase in intracellular Ca2+
concentration activates several downstream effectors, including protein kinase C (FKC)
and calmodulin-dependent protein kinase 11 (CaMKII).

PKC and CaMKII both contribute to the regulation of platelet degranulation. PKC
phosphoryviates a number of targets involved in granule release, including the
cytoskeietal protein myosin light chain and the vesicular trafficking protein syntaxin-4.,
These phosphorylation events promote the interaction between the platelet membrane
and the granule membrane, leading to the fusion and release of the granules.

CaMKII also plays a role in platelet degranulation by promoting the fusion of the
granules with the platelet membrane. CaMKII phosphorylates the vesicular trafficking
protein synaptotagmin, which is involved in the docking and fusion of the granules with
the platelet membrane.
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Since the intraceliular signalling response that triggers platelet degranulation is an
increase in Ca2+, in preferred embodiments, where the chimeric aGPCR is to be used
in the context of a platelet or engineered platelet such as those described in WO
2022/263824, the intracellular signalling domain is a domain that can trigger an
increase in the amount of Ca?* in the cell, leading to degranulation of the platelet or
engineered platelet. For example in these embodiments the intraceliular signalling
domain may comprise a Gag subunit.

For example in some embodiments where the chimeric aGPCR is present in the
membrane of a platelet or engineered platelet, and once activated the chimeric aGCPR:

a) results in degranulation of the platelet or engineered platelet;

b) results in the release of contents from the platelet or engineerad platelet;
¢} resulls in the presence of intraplatelet contents on the plasma membrane of
the platelet or engineered platelst;

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

&) results in a change of shape of the platelet or engineered platelet from a
biconcave disk to fully spread cell fragments;

whearein in some embodiments one, two or three of the ICLs of the 7TM and/or
the C-terminal tail comprises a Gag subunit.

In the context of platelet degranulation, activation of the Gs pathway increases cAMP
and inhibits platelet activation. There are some instances where inhibition of platelet
activation is desired. In some embodiments where the chimeric aGPCR is present in
the membrane of a platelel or engineered platelet, and once activated the chimeric
aGCPR:

a} prevents degranulation of the platelet or engineered platelel;

b) prevents the release of contents from the platelet or engineered platelet;

¢} prevents the presence of intraplatelet contents on the plasma membrane of
the platelet or engineered platelet;

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

2} prevents a change of shape of the platelet or engineerad platelet from a
biconcave disk to fully spread cell fragments;
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whersain in some embodiments one, two or three of the ICLs of the 7TM and/or
the C-terminal tall comprises a Gas subunit.

It is generally considered that for protein domains to function correctly, there must be
no steric hindrance between the funclional domains. To achieve this linkers such as
peptide linkers are typically used that provide a short stretch of amino acids sufficient
to separate the two domains. In the present case it is considered necessary in some
embodiments to include a linker, for example some linker amino acid residues between
the GAIN domain and the target binding domain. In some embodiments the chimeric
aGPCR comprises a linker. In some preferred embodiments the chimeric aGCPR
comprises a linker between the GAIN domain and the target binding domain. In some
embodiments the chimeric aGPCR comprises a peptide linker between the GAIN domain
and the target binding domain. For example where the target binding domain
comprises an antibody or antigen binding fragment thereof as described herein, in
preferred embodiments the chimeric a GPCR comprises a linker between the GAIN
domain and the target binding domain. Exemplary linkers include SPPHTAAHNA [SEQ
1D NO: 10].

Where the linker is a peptide linker, the linker may be any number of amino acids in
length. Preferably the linker is at least 5 amino acids in length, for exampie at least
6, 7, 8, 9, or at least 10 amino acids in length.

As mentioned elsewhere herein, the chimeric aGPCR of the invention may be
considered to be a universal chimeric aGPCR and may bind to an intermediate adaptor
protein or peptide that itself binds to the final target - for example may bind to a tag
present on the intermediate adaptor protein or peptide.

Accordingly the invention also provides a system comprising:

a chimeric aGPCR of the invention; and

an intermediate adaptor polypeptide or protein, for example that comprises a
tag for example a peptide tag, and that comprises an ultimate target binding domain
(i.e. a binding domain that can bind to a target as described herein)

wherein the targeil binding domain of the aGPCR is able fo bind to the
intermediate adaptor protein or peptide, for example bind to a tag present on the
intermediate adaptor polypeptide or peptide, and the ultimate target binding domain
of the adaptor polypeptide or protein is able to simultanegusly bind to a the desired
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target - i.e. the target towards which the chimeric aGPCR is to be directed. Preferences
for all features of this aspect are as described elsewhere herein, for example
preferances for the ultimate target are as described elsewhere herein for the target to
which the chimeric aGPCR binds, for example the target may be present on a tumour
or cancer cell. Preferences for the tag are also as described glsewhers.

It will be clear that binding of the intermediate adaptor protein or peptide itself to the
target binding domain of the chimeric aGPCR, in the absence of simultaneous target
binding of the intermediate adaptor protein to the ultimate target, should not be
sufficient to trigger receptor activation and intraceliular signalling. For exampile, in
instances where the chimeric aGPCR is present in a platelet plasma membrane or in an
engineered platelet plasma membrane, binding of the intermediale adaptor
polypeptide or peptide to the target binding domain of the chimeric aGPCR in the
absence of simuitaneocus binding of the target binding domain of the intermediate
adaptor polypeptide or protein to the targst not sufficient to activate degranulation of
the platelet or engineered platelet.

On the other hand, simultanecus binding of the ultimate target binding domain of the
intermediate adaptor protein or peptide to the uitimate target and binding of the target
binding domain of the chimeric aGPCR o the intermediate adaptor protein or peptide
for example binding to a tag (for example a peptide tag) on the intermediate adaptor
protein or peptide, triggers activation of the chimeric aGPCR and intracellular
signailing.

The invention also provides one or more polynucleotides encoding any one or more of
the chimeric aGPCRs described herein. The invention also provides one or more nucieic
acids encoding the intermediate adaptor protein or peptide described herein.

In some embodiments the polynucieotide is DNA,
In some embodiments the polynucieotide is RNA.
The skilled person understands the concepts of promoters and appreciates that for
transcription to be initiated from DNA a promoter must be operably linkad to the
appropriate open reading frame. Accordingly in some embodiments the polynucleotide

is operatively linked to a promoter. In some embodiments the promoter is a
heterologous promoter. The nucleic acid may also comprise an appropriate enhancer.
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Depending on the context on which the chirmeric aGPCR is to be used, the promoter
may be cell-specific promoter. For example in some embodiments the celi-specific
promoter is a megakaryocyte-specific promoter, or a  pluripotent cell -specific
promoter or stem cell-specific promoter, optionally an induced pluripotent stem cell
(iPSC) cell-specific promoter, or a T celi-specific promoter, or a NK cell-specific
promoter, or a B cell-specific promoter.

The promoter may be an inducible promoter, for example inducible in a particular
cellular context or intended subject. The promoter may be constitutive, for axample
constitutive in a particular cellular context or intended subject.

The invention also provides a vector comprising the polynucieotide of the invention,
for example comprises the polynuciectide of the invention that encodes a chimeric
aGPCR as described herein operably linked to a promoter. The vector may be a plasmid
or circular nucleic acid. The vector may also comprise an appropriate enhancer.

The invention also provides a viral vector or viral particle comprising the polynucleotide

of the invention or the vector of the invention, such as an AAV or lentivirus.

The invention also provides a cell or a chassis comprising

ay one or more chimeric aGPCRs of the invention;
b) one or more polynucieotides of the invention;
¢) one or more vectors of of the invention;

d) one or more of the viral vectors of the invention

&) a system of the invention.

In preferred embodiments the cell or the chassis expresses a chimeric aGPCR of the

invention.

The skilled person will recognise the term chassis, and understand that it refers to an
entity, for example a cell such as a mammalian cell or a microbial cell, or an entity
such as a liposome or the like, that houses genetic or protein compartments. In the
present case a chassis is an entity that is capable of expressing or carrying one or more
chimeric aGPCRs of the invention. In some embodiment the chassis is a cell, a platelet
or an engineered platelet. In some embodimants the call is a T cell, B cell, NK celi, or
macrophage, or iPSC cell.
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In some embodiments the chassis has been engineersd. In some embodiments the
chassis is an engineerad platelet such as those described in WO 2022/263824 which is
specifically incorporated herein in its entirety, for example the various chassis
described on pages 43-122 of WO 2022/263824, said pages of which are specifically
incorperated herein by reference. In some embodiments the platelet has been

engineered:

to disrupt the thrombogenic pathway and/or engineered to disrupt a platelet
inflammatory signaling pathway and/or engineered to 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, atherosclerosis,

fymphatic development and tumour growth.

In some embodiments the chassis is;

a) a progenitor-chassis, for example is a myeloid stem cell; an iPSC; adipocyte;
adipose-derived mesenchymal stromai/stem cell line (ASCL); or cancer cell-line that is
capable of producing a producer-chassis; or other immortal cell that is capable of
producing a producer-chassis;

b) a producer-chassis, for example is a megakaryoblast; a megakaryocyte; a
megakaryocyte-like cell; a cancer cell line that is capable of forming a platelet, a
platelat-like membrane-bound cell fragment or an anucleate cell fragment for example
a MEGG1 or DAMI cancer cell line; or other immortal cell that is capable of forming a
platelet, a platelet-like membrane-bound cell fragment or an anucleate cell fragment;
or

<) an effector-chassis, for example is a platelet, a platelet-like membrane-bound
cell fragment or anucleate cell fragment.

Platelets that have been engineered to have reduced thrombogenicity may be termed
a "Synlet”, and the term Syniet as used herein, for example in the Examples, refers to
an engineered platelet that has a disruption or deletion of genes that arg involved in
thrombogenicity, resulting a platelet with reduced thrombogenicity, Such engineerad
platelets, or Synlets, are described in WO 2022/263824 and are contemplated by the

prasent invention.
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In some embodiments the chassis has been modified so as o drive differentiation to a
producer-chassis, for example drive differentiation to a megakaryocyle or a
megakaryocyte-like celi, for example has been forward programmed to differentiate
into a megakaryocyte or a megakaryocyte-like cell.

In some embodiments the chassis has been enginesred so as to have inhibited
exprassion from the beta 2 microglobulin gene, for example wherein the beta 2
microglobulin gene has been knockad out or deleted.

The chassis may be a mammalian chassis, for example a human chassis, bovine

chassis, equine chassis or muring chassis.

In some preferred embodiments, the chassis has been engineered to disrupt a platelet
thrombogenic pathway. For example the chassis may have been engineered s0 as to
have reduced thrombogenicity relative to a chassis that has not been engineered 50 as
to have reduced thrombogenic potential, for exampie wherein the engineered chassis
has no thrombogenic potential.

In some instances the chassis has been engineered to disrupt or delete at least two,
three, four, five, six, seven, eight, ning, or at least ten genes invoived in the
thrombogenic pathway, for example wherein the genes are selected from the group of
genes encoding:

a protein involved in recognition of primary stimuli of thrombus formation;

a protein involved in recognition of secondary mediators of thrombus formation;
and/or

a protein involved in the release of secondary mediators of thrombus

formation.

The chassis may comprise a disruption or deletion of at least:

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

of thrombus formation;

for example comprises a disruption of at least:

38



[5) ]

16

20

25

35

WO 2025/027344

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;

for example comprises a disruption of at least:

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

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

three genes that encode a protein involved in the release of secondary
mediators of thrombus formation.

In some exemplary 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/IX and GPVI (GP&), ITGAZB, CLECZ, integrins s
ansbs, a:zbi, asb: and asb:,, or from the group consisting of GPVI and ITGAZB;

the at least one, two or three that encode a protein invoived in
recognition of secondary mediators of thrombus formation are selected from
the group consisting of Pari, Pard4, P2Y12, GPFIb/V/IX, the Thromboxane
receptor {TBXAZR}, P2Y1, P2X1 and integrin amba 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 Coxi, HPS and thromboxane-A synthase (TBXASL) or
from the group consisting of Cox1 and HPS.

In some embodiments of the chassis, sach of the following genes is disrupted or
deleted:

ITGAZRB, Parl and HPS;

ITGAZ2B, P2Y12 and HPS; or

GPVI, ITGAZB, Parl, Par4, P2Y12, Cox1 and HPS.
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In some embodiments, instead of, or in addition to, the genes that are disrupted above,
the chassis may comprise a disruption in any one or more of the following genes:

TBXASL, ITGB1, TMEMLGF and/or BZm.

By disrupt we include the meaning of entirely knocking out the protein expression of
the gene. The gene itself may be deleted, or may be disrupted by other modifications
that can reduce or knockout the expression from a gene.

In some embodiments the chassis is that:

a) does not respond to endogencous 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 activate endogenous platelets in a
patient.

In some embodiments the chassis has been engineered to have reduced

immunogenicity relative to a non-engineered chassis.

In some embodiments of the chassis

a) the function of endogenous MHC Class 1 and/or MHC Class 2 has been
disrupted; and/or

b} exprassion from the B2 microglobulin gene has been disrupted, for example
has been knocked out.
In some embodiments the chassis has been engineered to have disrupted expression
from one or more HLA genes, for example has been engineered o have disrupted
expression from any one or more of HLA-A, HLA-B and/or HLA-C, optionally wherein
expression of HLA-A and HLA-B has been entirely disrupted but wherein expression of
HLA-C has been partially disrupted, optionally wherein expression from both alleles of
HLA-A and HLA-B have been disrupted but wherein expression from only one allele of
HLA-C has been disrupted.

In some embodimeants the chassis has been engingered to gverexpress anyone ¢r more
of the HLA class Ib genes, optionally any one or more of HLA-G, HLA-E, CD47 and PD-
LL, and may also for example may been engineerad to have inhibited expression from
the beta 2 microglobulin gene,
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In some embodiments the chassis has been engineered to oversxpress on or more
immunomodulatory genes, optionally wherein the one or more immunomodulatory

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

In some embodiments the chassis has been engineered to eliminate one or more genes

of which the product(s) could negatively affect the potency of a cargo.

In some embodiments the chassis has been engineered to tune up or down the
innate/adaptive response.

In some embodiments the chassis has been engineered to reduce inflammation,

angiogenesis, atherosclerosis, livmphatic development and tumour growth.

In some embodiments 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 engineesred cargo.

In some embodiments the chassis has been engineered to downregulate or inhibit
expression of TGFb and/or GARP and/or CD40L.

In some embodiments the chassis has been engineered to downreguiate or inhibit
axpraession of any one or more of CD36, NOD2Z, SRB1, TLR1, TLR2, TLR3, TLR4, TLRS,
TLRO, CD40L, CDO3 {(ClgRp), C3aR, CD88 (ChaR), D89 (FcaR1), CD23 (FeeR1), CD32
(FoyRIla), MHC cdlassl, CD191 (CCR1), CD193 (CCR3), CD194 (CCR4), CDis4
(CXCR4), CX3CR1, CD102 (ICAM-2), JAM-C/JAM-3, CD62P (P-selectin), CD31 (PECAM-
1), CD150 (SLAMF1L), CCL2Z, CCL3, CCLS, CXCL1, CXCL1Z, CXCL4/PF4, CXCLS, CXCLS,
NAP2 (CXCL7), IL-18.

In some embodiments the chassis has been engineered to disrupt or inhibit expression
of TGFb and/or GARPZ.

In some embodimeants the chassis has been engineerad to disrupt or inhibit expression
of any one or more of Siglec-7, Siglec-9, Siglec-11 and TGFp.

In some embodiments the chassis has been engineered o express one or more

additional ITAM receptors to enhance T cell signaling and stimulate an immune

response.
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In some embodiments the chassis has been engineered to have reduced
immunogenicity relative to a non-engineered chassis, wherein the chassis has been

engineered to:

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

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

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

d) have disrupted expression from any one or more of HLA-A, HLA-B and/or
HLA-C, optionally wherein expression of HLA-A and HLA-B has been entirely
disrupted but wherein expression of HLA-C has been partially disrupted,
optionally wherein 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;

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

£} been engineered {0 overexprass any one or more of HLA-G, HLA-E, CD47 and
PD-L1 and optionally has been engineered to have disrupted expression from
the beta 2 microglobulin; and/or

g) overexpress one or more immunomodulatory genes, optionally wherein the
one or more immunomodulatory genes is selected from the group comprising
CD47 and PD-L1.

In some embodiments the chassis has been engineered to:

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

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

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

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

&) pverexpress anyone or more of the HLA class Ib genes, optionally any one or more
of HLA-G, HLA-E, CD47 and PD-L1;
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f} overexpress any one or more of HLA-G, HLA-E, CD47 and PD-L1 and optionally has
been engineerad to have disrupted expression from the beta 2 microgiobulin gene;
and/or

g) overgxpress 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, atherosclerosis, lymphatic development and
tumour growth;

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

i} downregulate or inhibit expression of TGFb and/or GARP and/or CD40L;

n) downregulate or inhibit expression of any one or more of CD36, NOD2, SRB1, TLR1,
TLRZ, TLR3, TLR4, TLRe, TLRY, CD40L, CDO3 (CigRp), C3aR, CD88 (C5aR), CD8Y
{(FoauR1), CD23 (FceR1), CD32 (FoyRIIa), MHC classl, CD191 (CCR1}, CD193 (CCR3Y,
CD194 (CCR4), CD184 (CXCR4), CX3CRY1, CD102 (ICAM-2), JAM-C/JAM-3, CD62P (P-
selecting, CD31 (PECAM-1), CD150 (SLAMFL), CCL2, CCL3, CCLS, CXCL1, CXCL12,
CXCL4/PF4, CXCLS, CXCLE, NAP2 {(CXCL7), IL-1B

o} disrupt or inhibit exprassion of TGFb and/or GARP;

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

s} disrupt or inhibit expression of any one or more of GPIB/V/IX and GPVI (GP&},
ITGAZB, CLECZ, integrins s allbb3, a2bl, abbl and aébl, GPVI and ITGAZB;

1) disrupt or inhibit expression of anyone or more of Parl, Parg, P2Y12, GPIb/V/IX, the
Thromboxane receptor (TBXAZR), P2Y1, P2X1 and integrin allbb2 or from the group
consisting of Parl, Pard and P2Y12;

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

v} 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
interast is expressed from the BCL-3 mRNA untranslated regions, optionally 5'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);
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aa) express at least two chimeric aGPCRs, optionally express at Isast 3, 4, 5, 6, 7, 8,
9 or at least 10 different aGPCRs,as described hersin;

bb) express at least two chimeric aGPCRs and wherein the target binding domain of
the at least two chimeric aGPCRs are directed towards different targets;

cc) express at least two chimeric aGPCRs that operate together {o form a logic circuit;

Dd) exprass at least one chimeric aGPCR of the present invention and at least one
chimeric platelet receptor as defined in W02022263824, i.e. a chimeric platelet
receptor that comprises a) an intraceliular domain that is a platelet stimulation domain
and comprises domains from an immunoreceptor tyrosine-based activation motif (IT
AM) receptor; and b} a heterologous targeting domain that recognizes and binds a
target;

&) 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:
i}y an antibody or antigen binding fragment thereof, for example an
antibody or antigen binding fragment thereof binds {0 a tumor antigen
or a necantigen;
iy an enzyme, such as a nuclease for example a TALEN;
iiiy a cytokine for example IL-10; or
iv) a CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-cell
engager (BITE);
vi} a fusion protein comprising an exesome 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:
iy an exosome specific membrane protein or
axosome membrane targeting portion thereof, for

example:

a tetraspanin, for example CD&3; or
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a non-tetraspanin such as PTGFRN or BASPL

i) an exosome targeting sequence from a soluble

5 protein, optionally the WW domain of Nedd4
ubiquitin ligases;
iii) a ubiquitin tag; and/or
10 iv} a tag binding domain, optionally a nanobody
directed against a tag, optionally a nanobody
directed against GFP.
b) a nucleic acid, optionally wherein the nucleic acid is:

15 i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a
clustered regularly interspaced short palindromic repeats (CRISFR)
saquence; and/or
iiYan RNA that comprises an exosome targeting domain, optionally
wherein the exosome targeting domain is selected from the group

26 comprising or consisting of:

a) an exosome targeting hairpin or linear motif;
b} a viral exosome targeting RNA or exosome targeting fragment
thereof;

25 iit) an RNA that comprises an aptamer domain, opticnally wherein the aptamer

domain is selected from:

a2} a MS2 binding stem-loop;

B) a C/D box; and/or

¢} an AU rich element, optionally wherein the RNA is an mRNA
30 that encodes Cas9;

ff) express a fusion protein wherein the fusion protein comprises:
iy the bactericphage coat protein MS2 fused o an exosome membrana

35 protein, optionally whearein the exosome membrane protein is selected from the

group comprising or consisting of Lamp2b, VSVG, CDE3; and/or

ii} the archaeal ribosomal protein L7Ae fusad to an exosome membrane protein,
optionaily wherein the exosome membrane protein is selected from the group
comprising or consisting of Lamp2b, VEVG, CD63; and/or
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iliy a CD9-HuR fusion protein;

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

gg) to express one or more cargo only upon binding of one or more CPRs, universal
CPRs, complexeas 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:
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 nucieass for example a TALEN;
ity a cytokine for example IL-10; or
iv) a CRISPR associated protein, for example Cas9;
v) a bispecific protein, for example a bispecific antibody or optionally a T-celi
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
ciustered regularly interspaced short palindromic repeats (CRISPR) sequence,

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

Where the chassis is a platelet or an engineered platelet, and as described in WO
2022/263824, the platelet or engineered platelet can express a cargo or be loaded with
a cargoe. Upon binding of the chimeric GCPR o the target, the platelet or enginsered
platelet degranulates, releasing the cargo in the vicinity of the target and s0 can be
used for, amongst other things, targeted drug delivery.

The cargo may be any cargo, for example may be:
a therapeutic agent;
an imaging agent,
a non-therapeutic agent; and/or
a cosmetic-agent.

Accordingly in some embodiments the chassis of the invention comprises one or more

cargo. For example the chassis have been:
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a) loaded with one or more cargo; and/or

b) engineered s0 as {0 exXpress one or more cargo.

In some embodiments the cargo may be selected from any one or more of:

a) a protein or peptide - in some embodiments the protein or peplide 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 nuciease for example a TALEN;
iit) a cytokine for example IL-10; or
iv} a CRISPR associated protein, for example Cas9;
v} a bispecific protein, for example a bispecific antibody or optionally a T-celi
engager (BIiTE)
b} a nucleic acid - in some embodiments the nucleic acid is:
) an RNA, for example selected from mRNA, a miRNA, shRNA, and a
clustered regularly interspaced short palindromic repeats (CRISFR)
seguence; or
i) a DNA vector;
<) a toxin;
dy a small molecule drug, imaging agent, radionucieotide drug, radionuclectide
tagged antibody, or any conjugate thereof;
e} a viral vector such as AAV;
f) a virus such as oncolytic virus;
g) agents for performing CRISPR mediated gene editing;
h) an exosome, for example an exesome pre-loaded with a second cargo;
i} or a nanoparticle or nanoparticles;
and/or
1) a lipid nanoparticle (LNP) comprising an RNA or an mRNA;
or any combination thereof.

In some instances the cargo is an endogenously expressad cargo.
For example the endogenously expressed cargo may be any ong or more of:

a) a protein or peptide ~ in some embodiments the protein or peptide is:
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i) an antibody or antigen binding fragment thereof, for example an antibody
or antigen binding fragment thereof binds to a tumor antigen or a
neoantigen;

i) an enzyme, such as a nuciease 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 example a bispecific antibody or optionally a T-cell

engager (BITE)

b} a nucleic acid - in some embodiments the nucleic acid is:
i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence.

In other instances, the cargo is exogenously loaded into the chassis,
For example the exogenously loaded cargo may be 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
neoantigen;
it) an enzyme, such as a nudlease for example a TALEN;
i} a cytokine for example IL-10; or
iv} a CRISPR associated protein, for example Casy;
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
an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered
regularly interspaced short palindromic repeats (CRISPR) sequence;
¢} a lipid nanoparticle comprising an RNA nucleic acid such as a mRNA, a miRNA, or
shRNA.

The skilled person will understand what is meant by the term lipid nanoparticle in the
context of RNA delivery. See for example Hou et al 2021 Nature Reviews Materials &:

1078-10%94.

In some instances the carge comprises an exesome targeting domain.

In some instances the cargo is a fusion protein comprising:

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

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

a tetraspanin, for example CD83; or

a non-tetraspanin such as PTGFRN or BASP1

i} an exosome targeting sequence from a soluble protein, optionally the
WW domain of Nedd4 ubiquitin ligases;

iii} a ubiquitin tag; and/or

iv} a tag binding domain, opticnally a nanobody directed against a tag,
optionaily a nanobody directed against GFP; and/or

v} a protein selected from the proteins listed in Table A,

Where the cargo is an RNA, and the exosome targeting domain may be 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
i} an AU rich element, optionally wherein the RNA is an mRNA that encodes
Cas9.

Where the chassis has been engineered to express a fusion protein, the fusion protein
may comprise:

a) the bacteriophage coat protein MS2 fused to an exoseme membrane protein,
optionaily wherein the exosome membrane protein is selected from the group
comprising or consisting of Lamp2b, VSVG, CD63 or any of the proteins of Table A;
and/or

b) a fusion protein comprising the archasal ribosomal protein L7Ae fused to an
axosome membrane protein, optionally wherein the exosome membrane protein is
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selected from the group comprising or consisting of Lamp2hb, VSVG, CD&3 or any of
the proteins of Table A; and/or

¢} an aptamer binding protein fused to an exosome membrane protein,
optionally wherein the excsome membrane protein is selected from the group
comprising or consisting of Lamp2b, VSVG, CD63 or any of the proteins of Table A of
WO 2022/263824 which is specifically herein incorporated by reference.

The fusion protein may further comprise a light activated dimerization protein.

In some instances, the chassis comprises a cargo that is an RNA that comprises an
exosome targeting domain that is an MS2 binding stem-loop, the chassis has been
engineered o express a fusion protein, wherein the fusion protein comprises the
bacteriophage coat protein MS2 fused to an exgsome 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; W0 2022/263824
which is specifically herein incorporated by reference.

In some instances the chassis comprises a cargo that is an RNA that comprises an
exosome targeting domain that is a C/D box, the 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
membrane protein is selected from the group comprising or consisting of Lamp2b,
VEVG, CDE3 or any of the proteins of Table A WQ 2022/263824 which is specificaily
herein incorporated by reference.

In some instances the chassis comprises a cargo that is an RNA that comprises an
aptamer, the chassis has been engineered (o express a fusion protein, wherein the
fusion protein comprises a protein or fragment thereof capable of being bound by the
aptamer fused to an exosome membrane protein, oplionally wherein the exosome
meambrane protein is selected from the group comprising or consisting of Lamp2b,
VSVG, CDE3 or any of the proteins of Table A WQ 2022/263824 which is specificaily
herein incorporated by reference,

In some embodiments the chassis comprises a cargo that is an RNA that comprises an
axpsome targeting domain that is an AU rich element, the producer or effector-chassis
has been engineered o express a fusion protein, wherein the fusion protein is a CDS-
HuR fusion protein.
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In some embodiments the cargo is an RNA that encodes a Cas protein, optionally a
Cas9 protein. In the same or different embodiments the chassis has been engineered
to exprass one or more sgRNAs,

It will be apparent that the invention also provides various therapeutic uses of the
chimeric aGPCRs, nucleic acids, systems and chassis described herein, along with
targeted delivery systems.

The invention also provides a targeted delivery system comprising a chassis of the
invention wherein the chassis expresses one or more chimeric aGPCRs of the invention,
and comprises a cargo, for example wherein the targeted delivery system is a
therapeutic targeted delivery system or a non-therapeutic delivery system. In
preferred embodiments the chassis will comprise a cargo that is a therapeutic agent.

The invention also provides a chimeric aGPCR, nucleic acid, vector, system, complex

or chassis according to the invention for use in medicine,

The invention also provides a chimeric aGPCR, nucleic acid, vector, system, complex
or chassis according to the invention for use in delivering a therapeutic or imaging
cargo; or treating or preventing cancer, an autoimmunity disease, genetic diseass,

cardiovascular disease and/or an infection.

The invention also provides a method of delivering a cargo comprising administering
an effective amount of any one or more of a chimeric aGPCR, nucleic acid, vector,
system, complex or chassis of the invention, where the chassis comprises or expressas

a cargo.

The invention also provides 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 chimeric aGPCR, nucleic acid, vector, system, complex or
chassis of the invention, for example a chassis of the invention that comprises a cargo.

The invention also provides a non-therapeutic method of delivering cargo to a subject
in need thereof comprising administering an effective amount of any one or more of a
chimeric aGPCR, nucleic acid, vector, system, complex ¢r chassis of the inventicn |, for

aexampie a chassis of the invention that comprises a non-therapeautic cargo.
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The invention also provides a method of treatment comprising administering an
affective amount of any one or more of a chimeric aGPCR, nucleic acid, vector, system,
complex or chassis of the invention, for example wherein the method is for the
treatment or prevention of any one or more of cancer, an autoimmunity disease,
genetic disease, cardiovascular disease and/or an infection, for example a chassis of
the invention that comprises a therapeutic cargo.

The invention also provides the use of any one or more of a chimeric aGPCR, nucleic
acid, vector, system, complex or chassis of the invention in the manufacture of a
medicament for the treatment or prevention of disease or infection, for example for
the treatment or prevention of any one or more of cancer, an autoimmunity disease,
genetic disease, cardiovascular disease and/or an infection, for example wherein the

chassis is an effector-chassis or engineered effector-chassis.

The invention also provides a method of using the chimeric aGPCR, nucleic acid, vector,
system, complex or chassis of the invention to deliver a cargo, for example a
therapeutic agent, by administering the chimeric aGPCR, nucleic acid, vector, system,

complex or chassis of the invention.

The invention also provides various kits and kits of parts comprising any one or more
of the agents described herein. For example the invention provides a kit comprising
any two or more of the following:

A chassis of the invention;

A chimeric aGPCR of the invention;
A nucleic acid of the invention;

A vector of the invention;

A system of the invention;

A complex of the invention.

The invention also provides a kit comprising a chimeric aGPCR of the invention and a
corresponding intermediate adaptor protein or peptide, wherein the chimeric aGPCR

can bind to the intermediaie adaptor protein or peplide.

The invention alsc provides the following embodiments:

Embodiments
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i. A chimeric adhesion G-Protein Coupled Receptor {(aGPCR) comprising:

a) an intraceliular tail domain, optionally a C-terminal tail;
b) a seven-transmembrane domain (7TM) that comprises three intraceliular loops
{ICLs); and
¢} an extraceliular domain comprising:
(i} a target binding domain that is heteroclogous to the intraceliular tail domain;
{ii} a GPCR autoproteolysis-inducing domain (GAIN domain) that optionally
comprises a tethered agonist peptide;
and optionally further comprising
(iii} a linker, optionally wherein the linker is in the extraceliular domain,
optionaily between the GAIN domain and the target binding domain.

2. The chimeric aGPCR of embodiment 1 wherein the GAIN domain comprises a
GPCR-proteolytic site (GPS) site optionally positioned N-terminal of the tethered
peptide agonist.

3. The chimeric aGPCR of embodiment 2 wherein the GPS site is cleaved by the
GAIN domain, optionally is constitutively cleaved by the GAIN domain.

4, The chimeric aGPCR of embodiment 2 wherein the GPS site is not cleaved,
optionaily not cleaved by the GAIN domain.

5. The chimeric aGPCR of embodiment 4 wherein the N-terminal domain further
comprises a protease site, optionally comprises a protease site that is a cysteine
protease site, a metalio protease site, an aspartate protease site, a serine protease
site or a threonine protease site, optionally wherein the protease site is a site for a

protease that is associated with the tumour microenvironment.

6. The chimeric aGPCR of embodiment 5 wherein the chimeric aGPCR becomes
activated upon cleavage of the protease site in the absence of binding of the target
binding domain to the target.

7. The chimeric aGPCR of embodiment 5 wherein the chimeric aGPCR becomes

activated only upon cleavage of the protease site and binding of the target binding
domain to the target.
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8. The chimeric aGPCR of embodiments 2 or 3 wherein cleavage of the GPS motif
produces an N-terminal fragment (NTF) and a C-terminal fragment (CTF), and wherein
the NTF and the CTF remain associated with one another via non-covalent interactions,
optionally remain associated via non-covalent interactions when present in a lipid

membrane, optionally the lipid membrane of a cell, platelet, or engineered plateletl.

9. The chirmeric aGPCR of embodiment 8 where the association of the NTF and the
CTF prevents the tethered peptide agonist from interacting with the 7TM domain and
so prevents activation of intracellular signalling.

10. The chimeric aGPCR of any of embodiments 1-9 wherein the chimeric aGPCR is:

a) is inactive in the absence of binding of the target binding domain to the target;
cl-predominantly occupies the inactive conformation in the absence of binding of the
target binding domain to the target; and/or

¢} reamains in a basal activity state in the absence of binding of the target binding
domain to the target.

i1, The chimeric aGPCR of any of embodiments 1-3 or 5-10 wherein binding of the
target binding domain to the target resulls in:

ay modulation of the non-covalent interactions between the NTF and CTF and
activation of the CTF, optionally by allowing the tethered peptide agonist to interact
with the 7TM and activate intracellular signalling; or

b) rupture of the non-covalent interactions befween the NTF and CTF and
activation of the CTF, optionally by exposing the tethered peptide agonist allowing it
to interact with the 7TM and activate intracellular signalling.

12, The chimeric aGPCR of any of embodiments 1-3 or 5-11 wherein binding of the
target binding domain to the said target causes mechanical forces {0 be exerted on the
NTF/CTF non-covalent interaction.

13, The chimeric aGPCR of any of embodiments 1-12 wherein the:

intraceliular tail domain, optionally the C-terminal tail is autologous to the 7TM
domain;

intracelivlar tail domain, optionally the C-terminal tail is autologous to the GAIN

domain; and/or
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intraceliular tail domain, optionally the C-terminal tail is autologous to the GPS motif.

14, The chimeric aGPCR of any of embodiments 1-13 wherein the chimeric aGPCR

activates intraceliular signalling when:

a) the chimeric aGPCR is localised to the plasma membrane of a chassis, optionally a
cell, a platelst or an engineered platelet; and optionally when

b} the chassis, optionally the cell, platelet or engineersd platelet is incubated and
agitated in the presence of the target.

15, The chimeric aGPCR of embodiment 14 where the chassis, optionally the cell,
platelet or engineered platelet comprises a reporter system

Optionally where the reporter system comprises a reporter protein that is expressed
when intracellular signalling is activated, optionally wherein the reporter protein is
expressed from a promoter that comprises a nuclear factor of activated T cells (NFAT)
response siement, optionally wherein the reporter protein is a luciferase enzyme.

i6. The chimeric aGPCR of embodiment 15 where the activation of intraceliular
signalling is determined by the detection of the expression or activity of the reporter
protein, optionally detection of the expression or activity of luciferase,

17. The chimeric aGPCR of embodiment 16 wherein the activation of intraceliular
signailing is detected by the use of a calcium indicator dye, optionally Fluo-4.

18, The chimeric aGPCR of any 14-17 where the agitation is performed by shaking
at a speed of:

At least 10 rpm, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190 or at ieast 200 rpm;

Less than 200 rpm, 190, 180, 170, 160, 150, 140, 130, 120, 110, 100, 90, 80,
70, 60, 50, 40, 30, 20 or less than 10 rpm; and/or

Between 10 rpm and 200 rpm, 20 rpm and 190 rpm, 30 rpm and 180 rpm, 40
rpm and 170 rpm, 50 rpm and 160 rpm, 60 rpm and 150 rpm, 70 rpm and 140 rpm,
80 rpm and 130 rpm.

18, The chimeric aGPCR of any of embodiments 1-18 wherein the intraceliular

domain comprises one or more substitutions, insertions or deletions as compared ©
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the autologous intracellular domain or to a wild-type intraceliular domain, optionally

wherein

the one or more substitutions, insertions or deletions increases the intraceliular
signalling response as compared to the autologous intracellular domain or to a wild-
type intraceliular domain that does not comprise the same one or more substitutions,
insertions or deletions; or

the one or more substitutions, insertions or deletions decreases the intraceliular
signalling response as compared to the autologous intracellular domain or to a wild-
type intraceliular domain that does not comprise the same one or more substitutions,
insertions or deletions;
and/or

the one or more substitutions, insertions or deletions alters the specificity of
the intracellular signalling response as compared to the autologous intraceliular domain
or to a wild-type intracellular domain that does not comprise the same one or more
substitutions, insertions or deletions resulting in altered signalling pathway activation.

20. The chimeric aGPCR of any of embodiments 1-19 further comprising a signal
peptide, optionally a signal peptide that has been selected to achieve a desired level
of chimeric aGPCR at the cell, platelet, or engineered platelet surface.

21, The chimeric aGPCR of embodiment where the signal peptide is an engineered
signal peptide.

22, The chimeric aGPCR of embodiment 20 or 21 where the signal peptide is
selected from the group comprising or consisting of:

ADGRG1 signal peptide MTPQSLLQTTLFLLSLLFLVQGAHG [SEQ ID
NO: 1]

ADGRFS signal peptide MKSPRRTTLCLMFIVIYSSKA [SEQ ID NO:
2]

FCERG signal peptide

MIPAVVLLLLLEVEGAAA [SEGQ ID NO: 3]
CD28 signal peptide

MLRLLLALNLFPSIQVTG [SEQ ID NO: 4]
Platelet signal peptide - GPIIb (alib)
MARALCPLOQALWLLEWVLLLLGPCAAPPAWA [SEQ ID NO: 5]
Platelet signal peptide - GPIIIa (B3)
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MRARPRPRPLWATVLALGALAGVGVG [SEQ ID NOG: 6]

Platelet signal peptide - GPIBaMPLLLLLLLLPSPLHP [SEQ ID NO: 7]

Platelet signal peptide - GPIX MPAWGALFLLWATAEA [SEQ ID NO: 8]
Platelet signal peptide - GPV MLRGTLLCAVLGLLRA [SEQ ID NO: 9]

MAPFASLASGILLLLSLITSSKA [SEQ ID NO: 36]
MLLGPGHTLSAPALALAVTLTLLYRSASP [SEQ ID NO: 376]
MLLSVPLLLGLLGLAAA [SEQ ID NO: 386]
MOELRGILLCLLLAAAVPTTP [SEQ ID NO: 369]
MRYVASYLLAALGGNS [SEQ ID NO: 407
MGKSPEAWCIVLFSVLASFSA [SEQ ID NO: 41]
MASSGSVOOPRLVLLMLVLAGAARA [SEQ ID NO: 42]
MRWKIIQLQYCFLLVPCMLTALEA [SEQ ID NO: 43]
MLSRSLLCLALAWVARVGA [SEQ ID NO: 44]
MRFSCLALLPGVALLLASARLAAA [SEQ ID NO: 45]
MRVLWVLGLCCVLLTFGFVRA [SEQ ID NO: 46]
MKFPMVAAALLLLCAVRA [SEQ ID NO: 47]
MRSLLLASFCLLAVALA [SEQ ID NO: 48]
MKILLLCVGLLLTWDNGMVLG [SEQ ID NO: 49]
MLRISGRNMKVLFAAALIVGSVVFLLLPGPSVA [SEQ ID NO: 50]
MAATVRRQRPRRLLCWTLVAVLLADLLALS [SE [SEQ ID NO: 51]
MKMGVRLAARAWPLCGLLLAALGGVCA [SEQ ID NO: 52]
MWWRLWWLLLLLLLLWLALAAAA [SEQ ID NO: 53]
MGWSLILLFLYAVATRVLS [SEQ ID NO: 54]
MDFOQVQIISFLLISASVIMSRG [SEQ ID NO: 55]
MEFGLSWVFLVALFRGVQC [SEQ ID NO: 56]
MKWVTFISLLFLFSSAYS [SEQ ID NO: 57]
MKLPVRLLVLMFWIPAASA [SEQ ID NO: 58]
MNLLLILTFVAAAVA [SEQ ID NO: 59]
MGSAALLLWVLLLWVPSSRA [SEQ ID NO: 60]
MTRLTVLALLAGLLASSRA [SEQ ID NO: 61]
MWWRLWWLLLLLLLLWPMVWA/AA [SEQ ID NO: 62]
MKLPVRLLVLMFWIPASSS [SEQ ID NO: 63]
MDMRVPAQLLGLLLLWLSGARC [SEQ ID NO: 64]
MKYLLPTAAAGLLLLAAQPAMA [SEQ ID NO: 65]
MGVKVLFALICIAVAEA [SEQ ID NO: 66]
MPLLLLLPLLWAGALA [SEQ ID NO: 671
MRARALLAVLLLLLLVGIAAAA [SEQ ID NO: 68]
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MATATLLAVLLLLLLVGSAGGA [SEQ ID NO: 69]
MRARALLVVLVLVVLLGVASSA [SEQ ID NO: 70]
MPGPGAALLLLLLVLLGLGSAA [SEQ ID NO: 71]
MTTTTVLLLLYLVVLAGLTSGA [SEQ ID NG: 72]

PCT/GB2024/052048

or a signal peptide sequence with at least 75%, 80%, 85%, 90%, 92%, 94%, S6%,

98% or 100% sequence identity to the above sequences.

23, The chimeric aGPCR of any of embodiments 1-22 wherein the:

a) intracellular tail;

b) seven-transmembrane domain (7TM); and

¢} GPCR autoproteolysis-inducing domain (GAIN domain) that optionally comprises a

tethered agonist peptide and that optionally cleaves a GPS motif; and

d) GPS motif that is optionally cleaved by the GAIN domain

are autologous to one another

24. The chimeric aGPCR of any of embodiments 1-23 wherein the:

GAIN domain is heterologous to:
the 7TM domain;

the intraceltular tail; and/or

the target binding domain.

25. The chimeric aGPCR of any of embodiments 1-23 wherein the:

a) intracellular tail;

b} seven-transmembrane domain (7TM}; and
¢} GPCR autoproteolysis-inducing domain (GAIN domain); and

d) GPS motif

are from the same naturally occurring aGPCR.

26. The chimeric aGPCR of any of embodiments 1-23 wherein the:

a) intracellular tail;
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b) seven-transmembrane domain (7TM); and
¢) GPCR autoproteolysis-inducing domain (GAIN domain); and/or
d) GPS motif

are from the same naturally occurring aGPCR, and wherein any one or more of the:

a) intracellular tail;

b} seven-transmembrane domain (7TM}; and

¢} GPCR autoproteolysis-inducing domain (GAIN domain); and/or
d) GPS motif

comprises an amino acid sequence that has at least 75%, 80%, 85%, 90%, 92%,
94%, 96%, 98% or 100% sequence identity to the corresponding domain of the
naturally occurring aGPCR.

27. The chimeric aGPCR of any of embodiments 1-26 wherein the GAIN domain is
from:

ADGRG1T [SEQ ID NO: 351,

ADGRL1 and has an amino acid sequence of [SEQ ID NO: 27];

ADGRL3 and has an amino acid sequence of [SEQ ID NO: 28];

ADGREZ2 and has an amino acid sequence of [SEQ ID NO: 29]; ADGRG2Z and has an
amino acid seguence of [SEQ ID NO: 30];

or is a GAIN domain with an amino acid seguence that has at least 75%, 80%, 85%,
0%, 92%, 94%, 96%, 98% or 100% sequence identity to SEQ ID NO: 35, 27, 28, 29
or 30.

28, The chimeric aGPCR of embodiment 27 wherein:

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 35 and:
the intraceliular tail and/or one, two or three ICLs are not from ADGRGYE;
the target binding domain is not from ADGRGL; and/or
the 7TM domain is not from ADGRGYL;

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 88%
or 100% sequence identity to SEQ ID NO: 27 and:
the intracellular tail and/or one, two or three ICLs are not from ADGRLY;
the target binding domain is not from ADGRL1; and/or
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the 7TM domain is not from ADGRLYL;

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 28 and:
the intracellular tail and/or one, two or three ICLs are not from ADGRLS;
the target binding domain is not from ADGRL3; and/or
the 7TM domain is not from ADGRL3;

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 29 and:
the intracellular tail and/or one, two or three ICLs are not from ADGREZ;
the target binding domain is not from ADGREZ; and/or
the 7TM domain is not from ADGREZ; or

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NC: 30 and:
the intraceliular tail and/or one, two or three ICLs are not from ADGRG2Z;
the target binding domain is not from ADGRGZ; and/or
the 7TM domain is not from ADGRG2.

29. The chimeric aGPCR of any of embodiments 1-28 wherein the chimeric aGPCR
comprises the following combination of naturally occurring and engineered domains:

Naturally Naturally Naturally Engineered
occurring occurring occurring domain

(a) (b) (¢} (d)

{2} {b) (d) ()

(a) (¢} (b) (d)

{(a) (c () (b)

(8) (d) (b) (s

(a) (d) (<) (b)

{b) (a) (¢} (d)

(b} (a) (d) ()

{b) (c) (&) (d)

(b} {c) (d) (a)

(b} (d) (&) (c)

{b) (d) (<) (&)
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{c) (a) (b) (d)
(<) (a) (d) (b)
(<) (b} (&) (d)
{c) (b) (d) (&)
{c) (d) (a) (b)
(<) (d) (b) (&)
{d) (a) (b} {(c)
(d} (a) () (b}
(d) (b) (a) (©)
(d) (b) (¢ (a)
(d) () (a) (b}
(d) (c} (b) (a)
(d} (c) (b) (a)
Naturally Naturally Engineered Engineered
occurring occurting domain domain
{(a) (b} (¢} (d)
{2} (b) (d) ()
{(a) (< (b) (d)
{a) {c} (d) (b)
(a) (d) () (¢}
(a) (d) (<) (b)
{b) (a) (¢} (d)
{b) (a) (d) (©)
{b) (¢ (@) (d)
{b) {c) (d) (&)
{b) (d) (@) (©)
{b) (d) (¢} (a)
{©) (a) (b) (d)
{c) (a) (d) (b)
{c) {b) (a) (d)
{©) {(b) (d) (@)
{c) (d) (@) (b)
{c) (d) (b) (a)
{d) (a) (b) (c)
{d) (a) (<) (b)
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{d) (b) (a) ()
{d) ) {c} (&)
(d} (c) (&) (b)
{d) (c} ) (&)
) () {b) (a)
Naturaily Engineered Engineered Engineered
occurting domain domain domain
{(a) (b} (¢} (d)
{2} (b) (d) ()

{(a) (<) (b) (d)
{a) {c) (d) (b)
{(a) {d) (b) )

{(a) (d) (¢} (b)
{B) (a) (¢ (d)
{B) (a) (d) (¢}
{B) (<} (a) (d)
(&) {c) (d) (a)
(&) (d) (@) (¢}
{b) (d) (c) (a)

{c) (a) () (d)

{c) (a) (d) (b)

{c) {b) (a) (d)

{©) {(b) (d) (@)

{c) (d) (@) (b)

{c) {d) (b) (&)
{d) (a) (b) (©)
{d) (@) (¢} (b)
{d) {(b) (@) (©)
{d) (b) (<) (&)
{d} {c) (a) (b)
{d} (¢} {b) (a)

{d) (c} (b) (a)
Engineered Engineered Engineered Engineered
domain domain domain domain
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(a) (b} (c) (d)

wherein {a) is the intracelivlar tail domain for example the C-terminal tail; (b) is the
seven-transmambrane domain {(7TM}; () is the GPCR autoproteclysis-inducing domain
{GAIN domain) that comprises a tethered agonist peptide and that constitutively
cleaves a GPS motif; and (d) is the GPS motif that is cleaved by the GAIN domain;

and where an engineerad domain is:

a) a domain that comprises an amino acid sequence that has at least one
substitution, insertion or deletion relative {o the native or naturally occurring domain;

b) a domain that comprises an amino acid sequence that has at least 75%,
80%, 85%, 90%, 92%, 94%, 96%, 98% or 100% sequence identity to the naturally
occurring domain; and/or

¢) is a rationally designed domain.

30. The chimeric aGPCR of any of embodiments 1-29 wherein the target binding
domain is able to bind to a target that is:

fixed; and/or

able to exert a mechanical force on the chimeric aGPCR once bound to the
chimeric aGPCR by virtue of the relative movement of the target and the chimeric
aGPCR, optionally the chimeric aGPCR when present in the plasma membrane of a csll,
platelst or engineered platelet,

31 The chimeric aGPCR of any of the embodiments 1-30 wherein the target binding
domain is able to bind to a target that is:

Present on a cell surface;

Present on a physical structure;

Present on the inside of a blood vessel;

Present on an organ;

Present on a solid tumour;

An anchored target;

A target that has an opposite relative movement to the chimeric aGPCR when the
chimeric aGPCR is present in the plasma mambraneg of a cell, platelet or enginserad
platelet; and/or

Immobilised on a solid substrate.
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32, The chimeric aGPCR of any of embodiments 1-31 wherein the target binding
domain is able to bind to a target that is a peptide tag, optionally a peptide tag present
on an antibody or fragment thereof, optionally an scFv, nanobody or Fab.

33. The chimeric aGPCR according to any of the precading embodiments wherein
the target binding domain binds to a target that is endogenous to a subject, optionally
wherein the target is @ human target.

34, The chimeric aGPCR of any of the preceding embodiments wherein the target is
present on a cell surface or a tissue surface.

35. The chimeric aGCPR according to any of the preceding embodiments wherein
the target binding domain comprises a human target binding domain sequence or a
sequence that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98% or 100%
sequence identity to a human target binding domain seguences.

36. The chimeric aGPCR according to any of the preceding embodiments wherein
the target binding domain comprises a non-human target binding domain sequence,
optionally:

a humanised sequence; or

a sequence from a mouse,

37. The chimeric aGPCR according to any of the preceding embodiments wherein
said target binding domain comprises a target-binding ligand or fragment thersof that
binds specifically to said target.

38. The chimeric aGPCR according to any of the preceding embodiments wherein
said target binding domain comprises:

an antibody or antibody fragment that binds specifically to said target;

a variable heavy chain domain and/or a variable light chain domain;

one, two or three CDRs of a heavy chain and/or one, two or three CDRs of a light chain;
an scFv;

a nancbody;

a Fab;

a kappa light chain or a fragment thereof targeting;

a synthetic binding scaffold such as a monobody, affibody, DARPIn or knottin;
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anti-CD19 scFV domains, such as FMCE3 scFv domains optionally of example SEQ ID
NO: 15;.

anti-CD276 scFV domains, such as Enoblituzumab scFv domains optionally of SEQ ID
NO: 16 or Omburtamab optionally of SEQ ID NO:17; and/or

anti- MAdCAM1 scFV domains, such as Ontamalimab scFv domains optionally of SEQ
ID NO: 18.

39, The chimeric aGPCR according to any of the preceding paragraphs wherein the

target is a tumor antigen, neoantigen or autoantigen.

40, The chimeric aGPCR according to any of the precading embodiments wherein
the target binding domain binds to a target that is:

an endogencus target that is found on a tissue or subset of a tissue in the body of a
subject or on a cell or in a particular location of a subject, for example cancer tissue or
a cancer cell;

present in plasma or blood of a subject;

only prasented during one or more disease states, for example in some embodiments
the target is a neocantigen that arises in a tumour csli;

only present in significant amounts for example abnormal levels on a tissue or cell that
does not normally express the targei and/or is only present in a localised manner
during or more disease states;

an antigen associated with a disease, disorder or condition, for example a tumour
neoantigen or a tumour specific antigen;

an artificial or exogenous target;

CD1s;

Cch278

2

KLK

Amyloid

a Notch receptor

OLR1

MadCAaM1L

a cytokine receptor

coliagen

not collagen

a designer drug;

a drug that has been designed using DREADD;



[5) ]

16

20

25

35

WO 2025/027344 PCT/GB2024/052048

a protein selected from Table 2 on pages 23-31 of PCT/GB2020/053247 which is hereby
incorporated by reference; and/or

an autoimmune B cell.

41. The chimeric aGPCR according to any of the precading embodiments wherein
the target binding domain comprises a peptide associated with autoimmunity,
optionally:

a peptide or portion of any one or more of the following proteins: MOG, GADSS,
MAG, PMP22, TPO, VGKC, PLP, AChR, TRIB2, NMDA, GluR, GAD2, ARMCSY, CYP21A2,
CASR, NASP, insulin, TSHR, thyroperoxidase, asioglycoprotein receptor, CYP2D§, LF,
TTG, H/K ATP-ase, Factor XIII, Beta2-GPI, ITGB2, G-CSF, GP IIb/Ila, COLIIL, FBG beta
alpha, MPO, CYO, PRTN3, TGM, COLVIL, COIL, DSGL, DSGE3, SOX10, 70SNRNP70, SAG
and a3(IV)NC1 collagen; or

a peptide or portion that has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%,
98% or 100% sequence identity to any one or more of the following proteins: MOG,
GADSE, MAG, PMP22, TPO, VGKC, PLP, AChR, TRIBZ, NMDA, GluR, GADZ2, ARMCS,
CYP21AZ, CASR, NASP, insulin, TSHR, thyroperoxidase, asioglycoprotein receptor,
CYP2D6, LF, TTG, H/K ATP-ase, Factor XIII, Beta2-GPI, ITGBZ, G-CSF, GP Iib/lia,
COLIL, FBG beta alpha, MPO, CYO, PRTN3, TGM, COLVIIL, COIL, DSGL, DSGE3, S0OX10,
70SNRNP70, SAG and a3(IVINCI collagen.

42. The chimeric aGPCR of any of the preceding embodiments wherein when the
chimeric aGPCR is present in the membrane of a platelet or an engineered platelet,
binding of the target binding domain to the target:

a) results in degranulation of the platelet or engineered platelet;

b) resuits in the release of contents from the platelst or engineered platelet;

¢) resulis in the presence of intraplatelet contents on the plasma membrane of the
platelet or engineered platelst;

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

e) results in a change of shape of the platelet or engingered platelet from a biconcave
disk to fully spread cell fragments.

43. The chimeric aGPCR of any of the preceding embodiments wherein the
intraceliular tail for example the C-terminal tail that:

[e))
o3}
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Comprises a domain that interacts with a Gog subunit and when the chimeric aGPCR is
activated activates beta-type phospholipase C (PLCB);
Comprises a domain that interacts with a Gos subunit and when the chimeric aGPCR is
activated stimulates the-€ cAMP-dependent pathway by activating adenvylyi cyclase and
increasing intraceliular cAMP levels; er
Comprises a domain that interacts with a Guys subunit and when the ¢GPCR is activated
inhibits adenyly!l cyclase and decreases intraceliular cAMP;
Comprises a domain that interacts with a Go 12/13 subunit and when the chimeric
aGPCR is activated activates the RhoA pathway; and/or

Comprises a domain that interacts with a Ga 16 subunit and when the chimeric
aGPCR is activated activates PLC-3 /PISK/AkL/MAPK/NF-«B pathways.

44, The chimeric aGPCR of any of the preceding embodiments wherein the
intraceliular tait for example the C-terminal tail that, once activated:

a) results in degranulation of the platelet or engineerad platelet;

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

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

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

&) results in a change of shape of the platelet or engineered platelet from a biconcave
disk to fully spread cell fragments,

optionaily wherein the intracellular tail and/or one, two or three ICLs are comprises a
Gaq subunit.

45, The chimeric aGPCR of any of the preceding embodiments wherein the
intracellular tait for example the C-terminal tail that, once activated:

a) prevents degranulation of the platelet or enginesred platelet;

b) prevents the release of contents from the platelet or engineered platalet;

¢} prevents the presence of intraplatelet contents on the plasma membrane of the
platelet or engineered platelet;

d}y prevents the release of extracellular vesicles via blebbing from the plasma
membrane; and/or

&) prevents a change of shape of the platelet or engineered platelet from a biconcave
disk to fully spread cell fragments;
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optionally wherein the intracellular tail and/or one, two or three ICLs are comprises a
Gas subunit.

45, The chimeric aGPCR according to any of the precading embodiments wherein
the chimeric aGPCR comprises a linker between the GAIN domain and the target
binding domain, optionally comprises a peptide linker between the GAIN domain and
the target binding domain.

47. The chimeric aGPCR according to embodiment 46 wherein the linker comprise
SPPHTAAHNA [SEQ ID NO: 10].

43. A system comprising:
a chimeric aGPCR as described in any of the preceding embodiments; and
an intermediate adaptor protein or peptide, optionally comprising a tag optionally a
peptide tag, and an ultimate target binding domain;

wherein the target binding domain of the chimeric aGPCR is able to bind to the
intermediate adaptor protein or peptide, optionally bind to the tag when present on
the adapior polypeptide or peptide, and the ultimate targel binding domain of the
adaptor polypeptide or protein is able to bind to the ullimate target.

49, The system according to embodiment 45 where the target is selected from the
group comprising or consisting of:

an endogenous target that is found on a tissue or subset of a tissue in the body of a
subject or on a cell or in a particular tocation of a subject, for example cancer tissue or
a cancer cell;

present in plasma or blood of a subject;

only presented during one or more disease states, for example in some embodiments
the target is a necantigen that arises in a tumour csl;

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 iocalised manner
during or more disease states;

an antigen associated with a disease, disorder or condition, for exampie a tumour
necantigen or a tumour specific antigen;

an artificial or exogenous target;

CD1g;

cha2ve
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Lz

KLK

Amyloid

a Notch receptor

OLR1

MadCAaM1

a cytokine receptor

collagen

not collagen

a designer drug;

a drug that has been designed using DREADD;

a protein selected from Table 2 on pages 23-31 of PCT/GB2020/053247 which is hereby
incorporated by reference; and/or

an avtoimmune B cell.

50. The system according to embodiment 48 or 49 wherein where the chimeric
aGPCR is present in a platelet plasma membrane or in an engineered platelet plasma
membrane, binding of the intermediate adaptor protein or peptide to the target binding
domain of the chimeric aGPCR in the absence of simultaneous binding of the target
binding domain of the intermediate adaptor polypeptide or protein to the target not
sufficient to activate degranulation of the platelei or engineered platelet.

51. The system according to any of embodiments 48-50 wherein where the
chimeric aGPCR is present in a platelet plasma membrane or in an engineered platelst
plasma membrane, binding of the intermediate adaptor protein or peptide to the target
binding domain of the chimeric aGPCR with simultaneous binding of the target binding
domain of the intermediate adaptor polypeptide or protein to the target activates
degranulation of the platelet or engineered platelet.

52. A complex comprising:
a chimeric aGPCR as described in any of the preceding embodiments; and
an intermediate adaptor protein or peptide, that comprises an ultimate target binding
domain and a tag optionally a peptide tag,

wherein the target binding domain of the chimeric aGPCR binds to the tag of
the intermediate adapior protein. or peptide

53. The complex of embodiment 53 wherein the ultimate target binding domain of
the intermediate adaptor polypeptide or protein is capable of binding to the ultimate
target whilst the target binding domain of the chimeric aGPCR simuitaneously binds to
the tag, optionally peptide tag, of the intermediate adapior protein or peptide.
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54. A polynucieotide encoding any one or more of the chimeric aGPCRs of any of
the preceding embodiments.

55. The polynucleotide of embodiment 54 wherein the polynucleotide is DNA.

56. The polynuciectide of embodiment 54 whersin the polynucieotide is RNA,

57. The polynuclectide according to embodiment 55 wherein the polynuclectide is
operatively linked to a promoter, optionally a heterologous promoter.

58. The polynuciectide of any of embodiments 54-57 further comprising a cell-
specific promoter, optionally a megakaryocyte-specific promoter, pluripotent cell -
specific promoter or stem cell-specific promoter, optionally an induced pluripotent stem
cell (iPSC) cell-specific promoter, T cell-specific promoter, NK cell-specific promoter,
or B celi-specific promoter.

59. The polynucleotide according to any of paragraphs 57 or 58 wherein the
promoter is an inducible promoter, optionally a promoter that is inducible in an
intended subject.

60, The polynucleotide according to any of embodiments 57-58 whergin the
promoter is a constitutive prompter, optionally a promoter that is constitutive in an

intended subject.

61. A vector comprising a polynucleotide according to any of embodiments 54-61,
optionaily wherein the vector is a plasmid or circular nucleic acid.

62. A viral vector or viral particle comprising a polynuclectide according o any of
embodiments 54-80 or a vector according to embodiments 81, optionally where the
viral vector is an AAV or lentivirus.

63. A chassis comprising:

a) one or more chimeric aGPCRs of any of the preceding embodiments;

70
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b) one or more polynuclectides of any of the preceding embodiments;

¢) one or more vectors of any of the preceding embodiments;

d) one or more of the viral vectors of any of the preceding embodiments;
&) a system of any of the preceding embodiments.

4. The chassis of embodiment 63 wherein the chassis is a cell, platelet or
engineersd platelet, optionally wherein the cell is a T cell, NK cell, B cell,—er
macrophage, or stem cell optionally an iPSC cell

65. The chassis of embodiment 63 or 64 wherein the chassis expresses a chimeric
aGPCR according to any of the preceding embodiments.

66. The chassis of any of embodiments 63-65 wherein the chassis has been

engineered:

to disrupt the thrombogenic pathway and/or engineered to disrupt a platelet
inflammatory signaling pathway and/or engineered to make the enginesred platslet

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, atherosclerosis, lymphatic
development and tumour growth.

67. The chassis according to any embodiments 63-67 wherein the chassis is:

a) a progenitor-chassis, optionally is a myeioid stem cell; an iPSC; adipocyte;
adipose-derived mesenchymal stromal/stem cell line (ASCL); or cancer cell-line that is
capable of producing a producer-chassis; or other immortal cell that is capable of
producing a producer-chassis;

b) a producer-chassis, optionally is a megakaryoblast; a megakaryocyte; a
megakaryocyte-like cell; a cancer cell line that is capable of forming a platelst, a
platelet-like membrane-bound cell fragment or an anucleates cell fragment for example
a MEGOC1 or DAMI cancer cell ling; 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 effector-chassis, optionally is a platelet, a platelet-like membrane-bound
cell fragment or anucleate cell fragment.

71
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68. The chassis according to any of embodiments 63-67 wherein the chassis is a
marnmalian chassis, optionally a human chassis, bovine chassis, equine chassis or

murine chassis.

69. The chassis according to any of embodiments 63-68 wherein the chassis has
been engineered to disrupt a platelet thrombogenic pathway.

70. The chassis according to any of embodiments 63-69 whereain the chassis has
been engineerad so as to have reduced thrombogenicity relative to a chassis that has
not been engineered 50 as to have reduced thrombogenic potential, optionally wherein
the engineeread chassis has no thrombogenic potential,

7% The chassis according to any of embodiments 63-70 wherein the chassis
comprises a disruption of or delstion of at least two, three, four, five, six, seven, ight,
nine, or at least ten genes invelved in the thrombogenic pathway, optionally wherein
the genes are selected from the group of genes encoding:

a protein involved in recognition of primary stimuli of thrombus formation;

a protein involved in recognition of secondary mediators of thrombus formation;
and/or
a protein involved in the release of secondary mediators of thrombus formation.

72. The chassis according to any of embodiments 63-71 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 invelved 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 genss that encode a protein involvaed in recognition of secondary mediators

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

of thrombus formation;

optionally comprises a disruption of at least:

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

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

three genes that encode a protein involved in the release of secondary

mediators of thrombus formation.

73. The engineered chassis according any of embodiments 63-72 wherein:

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/IX and GPVI (GP8), ITGAZEB, CLECZ, integrins 5 amsbs, azbi, asb:
and asbi, or from the group consisting of GFVI and ITGAZB;

The at least one, two or three that encode a protein involved in recognition of
secondary mediators of thrombus formation are selected from the group consisting of
Parl, Par4, P2Y12, GPIb/V/IX, the Thromboxane receptor (TBXAZR), P2Y1, P2X1 and
integrin ansbs 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 (TBXAS1) or from the group
consisting of Coxl and HPS.

74. The chassis according any of embodiments 63-73 wherein each of the following
genes is disrupted or deleted:

ITGAZR, Parl and HPS;

ITGA2B, P2Y12 and HPS; or

GPVI, ITGAZ2B, Parl, Pard, P2Y12, Coxl and HPS,

75. The chassis according to any of claims 63-74 wherein the chassis comprises a

disruption in any one or more of the following genes:

TBXASY, ITGB1, TMEMI1GF and/or B2m.
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76. The chassis according to any of the preceding embodiments wherein the chassis
has been engineered to have reduced immunogenicity relative to a non-enginsered

chassis, wherein the chassis has been enginesred to:

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

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

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

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

&) overexpress 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 to overaxpress any one or more of HLA-G, HLA-E, CD47 and
PD-L1 and optionally has been engineered to have disrupted expression from the beta
2 microglobulin; and/or

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

77, The chassis according to any of the preceding embodiments wherein the chassis

comprises one or more cargo, optionally whersin the chassis has been:

a) loaded with one or more cargo; and/or

b} engineered 50 as Lo express one or more cargo.

78. The chassis according to any of the preceding embodiments wherein the cargo
is selected 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 negantigan;

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;

74

PCT/GB2024/052048



[5) ]

16

20

25

35

WO 2025/027344 PCT/GB2024/052048

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

b} a nucleic acid ~ in some embodiments the nucleic acid is:

i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly
interspaced short palindromic repeats (CRISPR) sequence; or

ii} a DNA vector;

¢} a toxin;

d} a small molecule drug, imaging agent, radionucleotide drug, radionucleotide tagged
antibody, or any conjugate thereof;

e} a viral vector such as AAV;

f) a virus such as oncolytic virus;

g) agents for performing CRISPR mediated gene editing;

h) an exosome, for example an exosome pre-ioaded with a second cargo;

i} a nanoparticle or nanoparticles; and/or

1) & lipid nanoparticle (LNP) comprising an RNA or an mRNA;

or any combination thereof

or any combination thereof.

79. The chassis according to any of the preceding embodiment wherein the cargo
is an endogenously expressed cargo, optionally wherein the endogenously expressed

cargo is 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;

iy 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 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
intarspaced short palindromic repeats (CRISPR) sequence.

&0. The chassis according to any of the preceding embodiments wherein a cargo is
axpgencusly lpaded into the chassis, optionally wherein exogenously loaded carge 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 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

iv) a CRISPR associated protein, for example Cas9;

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

b} a nucleic acid - in some embodiments the nucleic acid is:

i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly
interspaced short palindromic repeats (CRISPR} sequence;

1) a lipid nanoparticle (LNP) comprising an RNA or an mRNA;

or any combination thereof.

81, The chassis according to any of the preceding embodiments where the chassis
comprises a cargo and wherein the cargo has been exogenously leaded into or onto
the chassis, optionally into the cytoplasm, into the plasma membrane, or onto the

extraceliular surface.

82. The chassis according to any of the preceding paragraphs wherein where the
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.

83. The chassis according to any of the preceding paragraphs wherein the cargo is
an RNA that encodes a Cas protein, optionally a Cas9 protein.

84, The chassis according to any of the preceding paragraphs wherein the
progenitor, producer or effector-chassis has been engineered to exprass one or more
sgRNAs.

85. The chassis according to any of the preceding paragraphs where the chassis
comprises a cargo and the cargo is:

a therapeutic agent;

an imaging agent,

a non-therapeutic agent; and/or
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a cosmetic-ageant.

86. A targeted delivery system comprising a chassis of any of the preceding
embodiments wherein the chassis expresses one or more chimeric aGPCRs as defined
in the preceding embodiments, optionally wherein the targeted delivery system is a
therapeutic targeted delivery system or a non-therapeutic delivery system.

87. A non-thrombogenic targeted delivery system comprising a chassis as defined
in any of the preceding embodiments wherein the chassis expresses one or more
chimeric aGPCRs as defined in any of the preceding embodiments and wherein the
chassis has been engineered to disrupt the thrombogenic pathway targeted delivery
system.

88. The targeted delivery system or the non-thrombogenic targeted delivery system
of the preceding embodiments wherein the system further comprises one or more
cargo, optionally wherein the cargo comprises one or more fargeting domains,

optionally comprises an exosome targeting domain,

89. A chimeric aGPCR, nucleic acid, vector, system, complex or chassis according
to any of the preceding embodiments for use in medicine.

a0. A chimeric aGPCR, nucleic acid, vector, system, complex or chassis according
to any of the preceding embodiments for use in delivering a therapeutic or imaging
cargo; or treating or preventing cancer, an autoimmunity disease, genetic disease,
cardiovascular disease and/or an infection, optionally wherein the chassis is an

effector-chassis or engineered effector-chassis.

91. A method of delivering a cargo comprising administering an effective amount
of any one or more of a chimeric aGPCR, nucleic acid, vector, system, complex or
chassis according to any of the preceding embodiments.

92. 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 chimeric aGPCR, nucleic acid, vector, system, complex or chassis according to any
of the preceding embodiments.

93. A non-therapeutic method of delivering cargo to a subject in need thereof
comprising administering an effective amount of any one or more of a chimeric aGPCR,
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nucleic acid, vector, systermn, complex or chassis according to any of the preceding
ambodiments, where the chassis comprises a non-therapeutic cargo

94, A method of treatment comprising administering an effaective amount of any
one or more of a chimeric aGPCR, nucleic acid, vector, system, complex or chassis
according to any of the preceding embodiments, optionally wherein the method is for
the treatment or prevention of any one or more of cancer, an autoimmunity disease,
genetic disease, cardiovascular disease and/or an infection, optionally wherein the
chassis is an effector-chassis or engineered effector-chassis.

95, Use of any one or more of a chimeric aGPCR, nucleic acid, vector, system,
complex or chassis according to any of the preceding embodiments in the manufacture
of a medicament for the treatment or prevention of disease or infection, optionally for
the treatment or prevention of any one or more of cancer, an auloimmunity disease,
genetic disease, cardiovascular disease and/or an infection, optionally wherein the
chassis is an effector-chassis or engineered effector-chassis.

96. A method of using the chimeric aGPCR, nucleic acid, vector, system, complex
or chassis according to any of the preceding embodiments to deliver a cargo, optionally
a therapeutic agent, by administering the chimeric aGPCR, nucleic acid, vector, system,
complex or chassis according to any of the preceding embodiments.

97, A kit comprising any two or more of the following:

A chassis according to any of the preceding embodiments;
A chimeric aGPCR of any of the preceding embodiments;
A nucleic acid of any of the preceding embodimenis;

A vector of any of the preceding embodiments;

A system of any of the preceding embodiments;

A complex of any of the preceding embodiments.

98. A kit comprising a chimeric aGPCR of any of the preceding embodiments and a
corresponding intermediate adaptor protein or peptide of any of the preceding
embodiments, wheregin the chimeric aGPCR ¢an bind to the intermediate adaptor

protein or peptide.

99. A complex comprising:

78



[5) ]

16

20

25

35

WO 2025/027344

a) a chassis of any of the preceding embodiments that expresses one or more
chimeric aGPCR of the invention; and
b) an intermediate adaptor protein or peptide,

wherein the intermediate adaplor protein or peptide comprises an ultimate target
binding domain and a tag, optionally a peptide tag,

and where the target binding domain of the chimeric aGPCR of the invention is a tag
binding domain that can bind to the tag of the intermediate adaptor protein or peptide
and wherein the ultimate target binding domain of the intermediate adaptor
polypeptide or protein is able to simultaneously bind to the ultimate target and to the
chimeric aGPCR of the invention.

The listing or discussion of an apparently prior-published document in this specification
should not necessarily be taken as an acknowledgement that the document is part of
the state of the art or is common general knowledge.

Preferences and options for a given aspect, feature or parameter of the invention
should, unless the context indicates otherwise, be regarded as having been disclosed
in combination with any and all preferences and options for all other aspects, features
and parameters of the invention. For example, the invention provides:

A chimeric aGPCR that comprises:
an extracellular domain that comprises:
a target binding domain that is an antigen binding domain from
an antibody capable of binding to a cancer necantigen; and
A GAIN domain that has been engineered {o increase the force
required to rupture the association between the GPS and tethered
agonist, or between the NTF and the CTF;

And

An intracellular tail capable of triggering degranulation of a platelet or
angineered platelet when the target binding domain binds to the cancer
nesantigen and the association between the GPS and tethered peptide or
between the CTF and NTF is ruptured.
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A non-thrombogenic platelet, or a platelet with reduced thrombogenicity comprising at

least one chimeric aGPCR of the invention, wherein the aGPCR is able to trigger

degranulation of the platelet non-thrombogenic platelet or platelet with reduced

thrombogenicity upon binding of the target binding domain to the target, and whersin

the non-thrombogenic platelet or platelet with reduced thrombogenicity comprises a

therapeutic cargo that is released upon degranulation of the non-thrombogenic platelet

or platelet with reduced thrombogenicity.

Table 1. Sequence information of chimeric aGPCRs

ip

Seguances

Note

ADGRG1 signal peptide

MTPQSLLQTTLFLLSLLFLVQGAHG [SEQ ID
NO: 1]

ADGRFS signal peptide

MKSPRRTTLCLMFIVIYSSKA [SEQ ID NO: 2]

FCERG signal peptide

MIPAVVLLLLLLVEOARA [SEQ ID NO: 3]

CD28 signal peptide

MLRLLLALNLEPSIQVTIG [SEQ ID NOC: 4]

Platelet signal peptide
~ GPIIb {allb)

MARALCPLOALWLLEWVLLLLGPCAAPPAWA
[SEQ ID NO: 5]

Platelet signal peptide
- GPIa (B3)

MRARPRPRPLWATVLALGALAGVGVG
ID NO: 8]

[SEQ

Platelet signal peptide -
GPIBa

MPLLLLLELLPSPLHP [SEQ ID NO: 7]

Platelet signal peptide
- GPIX

MPAWGALFLLWATAEA [SEQ ID NO: 8]

Platelet signal peptide
- GPV

MLRGTLLCAVLGLLRA [SEQ ID NO: 9]

Signal peptide

MAPFASLASGILLLLSLITSSKA
36}

[SEQ ID NO:

Signal peptide

MLLGPGHTLSAPALALAVTLTLLVRSASP
ID NO: 371

[SEQ

Signal peptide

MLLSVPLLLGLLGLAAA [SEQ ID NO: 38]

Signal peptide

MOQELRGILLCLLLAAAVPTTP [SEQ ID NO: 39}

Signal peptide

MRYVASYLLAALGGNGS_ [SEQ ID NO: 40]

Signal peptide

MGKSPEAWCIVLFSVLASFSA [SEQ ID NO: 41

Signal peptide

MASSGSVQQPRLVLEMLVLAGAARA [SEQ 1B
NO: 42
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Signal peptide

MRWEKIIQLQYCFLLVPCMLTALEA _[SEQ ID NO:
43

Signal peptide

MLSRSLLCLALAWVARVGA [SEQ ID NG: 441

Signal peptide

MRFSCLALLPGVALLLASARLAAA [SEQ 1D NO:
451

Signal peptide

MRVLWVLGLCCVLLTFGFVRA [SEQ 1D NO:
48]

Signal peptide

MKFPMVAAALLLLCAVRA [SEQ 1D NO: 471

Signal peptide

MRSLLLASFCLLAVALA [SEQ ID NO: 48

Signal peptide

MKILLLCVGLLLTWDNGMVLG [SEQ 1D NG: 49

Signal peptide

MLRISGRNMKVLFAAALIVGSVVFLLLPGPSVA
[SEQ IR NGQ: 58]

Signal peptide

MAATVRRQRPRRLLCWTLVAVLLADLLALS

Signal peptide

MKMGVRLAARAWPLCGLLLAALGGVCA __[SEQ
ID NO: 521

Signal peptide

MWWRLWWLLLLLLLEWLALAAAA _[SEQ 1D NO:
231

Signal peptide

MGWSLILLFLVAVATRVLS [SEQ ID NQ: 541

Signal peptide

MOFQVQIISFLLISASVIMSRG_[SEQ ID NO:
23]

Signal peptide

MEFGLSWVFLVALFRGVQC [SEQ 1D NO: 56]

Signal peptide

MKWVTFISLLFLFSSAYS [SEQ 1D NO: 571

Signal peptide

MKLPVRLLVLMFWIPAASA [SEQ ID NO: 58]

Signal peptide

MNLLLILTFVAAAVA [SEG ID NG: 591

Signal peptide

MGSAALLLWVLLLWVYPSSRA_[SEQ ID NQ: 60]

Signal peptide

MTRLTVIALLAGLLASSRA [SEQ TD NO: 611

Signal peptide

MWWRLWWLLLLLLLLWPMVWA/AA_[SEQ 1D
NO: 62

Signal peptide

MEKLPVRLLVEMFWIPASSS [SEQ ID NO: 631

Signal peptide

MDMRVPAQLLGLLLLWLSGARC_[SEQ 1D NQ:
641

Signal peptide

Signal peptide

MGVKVLFALICIAVAEA [SEQ ID NO: 66]

Signal peptide

MPLLLLLPLLWAGALA [SEQ 1D NO: 671
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Signal peptide

MRARALLAVLLELELVGIAAAA
designed_[SEQ ID NG: 681

Synthetically

Signal peptide

MATATLLAVLLLLLLVGSAGGA
designed _[SEQ ID NOQ: 69]

Synthetically

Signal peptide

MRARALLVVLVLVVLLGVASSA
designed_[SEQ ID NO: 701

Synthetically

Signal peptide

MPGPGAALLLLLLVLLGLGSAA
designed [SEQ 1D NO: 711

Synthetically

Signal peptide

MTTTTVLLLLVLVWLAGLTSGA
designed_[SEQ ID NQ: 727

Synthetically

Target binding
domain/GAIN domain
linkar

SPPHTAAHNA [SEQ ID NO: 10]

Modularized ADGRG1.1
Without target binding
domain but with linker
at  N-terminus that
links GAIN domain,
7T™¥ and C-terminal
domain to the target
binding domain.

SPPHTAAHNASY DMCELKRDLOLLSOFLKH
PQKASRRPSAAPASQOLOSLESKLTSVREMG

DMVSFEEDRINATVWKLOPTAGLODLHIHSR

QEEEQSEIMEYSVLLPRTLFQRTKGRSGEAEK

RLLLVDFSSQALFODKNSSQVLGEKVLGIVWG
NTKVANLTEPVWLTEQHQLOPKNVTLOCVEW

VEDPTLSSPGHWSSAGCETVRRETQTSCFON

HLTYEAVLMVSSVEVDAVHKHYLSLLSYVGC
VVSALACLVTIAAYLCSRVPLPCRRKPRDYTIK
VHMNLLLAVFLLDTSFLLSEPVALTGSEAGCRA
SAIFLHFSLLTCLSWMGLEGYNLYRLVVEVEG

TYVPGYLLKLSAMGWGFPIFLVTLVALVDVDN

YGPIILAVHRTPEGVIYPSMCWIRDSLVSYITN

LGLFSLVFLENMAMLATMVVQILRLRPHTQKW
SHVLTLLGLSLVLGLPWALIFFSFASGTFQLVY
LYLFSIITSFQGFLIFIWYWSMRLOARGGPSPL
KSNSDSARLPISSGSTSSSRI

[SEQ ID NO: 11]

SPPHTYAAHNS is

the extra-linker
sequence
comparing o
Moduiarized
ADGRGL.2 [SEQ
IDNO: 10]

TYFAVLM [SEQ

ID NO: 727 is
the tethered

agonist  peptide
of ADGRG1L

The GPS cleavage
site is in front of
peptide agonist.
For the GPS site of
ADGRG1 is
HLATYFAVLM

Modularized ADGRG1.2
Without target binding
domain, and without
linker that in
ADGRG1.1 links the
GAIN domain, 7TM and
C-terminal domain to
the target binding
domain.

SVDMCELKRDLOLLSQFLKHPOQKASRRPSAA

PASOOLOSLESKLTSVRFMGDMYSFEEDRIN

ATVWKLOPTAGLODLHIHSRQEEEQSEIMEY

SVLLPRTLFQRTKGRSGEAEKRLLLVDFSSQA
LFODKNSSQVLGEKVLGIVVQNTKVANLTERY
VLTFQHOLOPKNVTLOCVFWVEDPTLSSPGH

WSSAGCETVRRETQTSCFCNHLTYFAVLMY

SSVEVDAVHKHYLSLLSYVGCVVSALACLYTI

AAYLCSRVPLPCRRKPRIDYTIKVHMNLLLAVFL
LDTSFLLSEPVALTGSEAGCRASAIFLHFSLLT

CLSWMGLEGYNLYRLVVEVFGTYVPGYLLKLS
AMGWGFPIFLVTLVALVDVDNYGPIILAVHRT

PEGVIYPSMCWIRDSLVSYITNLGLFSLYFLFN
MAMLATMVVOILRLRPHTOKWSHVLTLLGLSL
VLGLPWALIFFSFASGTFQLVVLYLFSIITSFQG
FLIFIWYWSMRLOARGGPSPLKSNSDCARLPI
SSGSTSSSRI [SEQ ID NO: 121

TYFAVLM is the
tethered agonist
peptide of
ADGRG1

The GPS cleavage
site is in front of
peptide agonist.
For the GPS site of
ADGRG1 is
HLATYFAVLM
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TNVQMSSMVIKSSHPETYQQRFVFPYFDLWG
NVVIDKSYLENLOSDSSIVTMAFPTLQAILAG
DIQENNFAESLYMTTTVSHNTTMPFRISMTFK
NNSPSGGETKCVFWNFRLANNTGGWDSSGC
YVEEGDGDNVTCICDHLTSFSILMSPDSPDP
SSLLGILLDIISYVGVGFSILSLAACLVVEAVY
WKSVTKNRTSYMRHTCIVNIAASLLVANTWFI
VVAAIODNRYILCKTACVAATFFIHFFYLSVFF
WMLTLGLMLFYRLVFILHETSRSTQKAIAFCLG
YGCPLAISVITLGATQPREVYTRKNVCWLNWE
DTKALLAFAIPALIIVVVNITITIVVITKILRPSIG
DKPCKQEKSSLFQISKSIGVLTPLLGLTWGFG
LTTVFPGTNLVFHIIFAILNVFOGLFILLFGCLW
DLKVQEALLNKFSLSRWSSOQHSKSTSLGSST
PVFSMSSPISRRFNNLFGKTGTYNVSTPEATS
SSLENSSSASSLLN

[SEQ ID NO: 14]

Modularized ADGRF5.1 | GENITCODPVIGVGEPGKVIOKLCRESNY | 1. GENITCODRE
PSS PESPIGETITYKCVESOWEEKRNDCI YVIGVGEPGK
SAPINSLLOMAKALIKSPSQDEMLPTYLKDLSI YIOKLCRFS
SIDKAEHEISSSPGSLGATINILDLLSTVPTOV NYPSSPESE
NSEMMTHVLETVNVILGKPVLNTWKVLQQG IGGTIT YKL
WTNQSSQLLHSVERFSQALQSGDSPRLSFSQ Y WEEK
TNVQMSEMVIKSSHPETYQQRFVFPYFDLWG RMDC [SEQ
NVVIDKSYLENLQSDSSIVTMAFPTLQAILAQ ID NO: 801 is
DIQENNFAESLYMTTTVSHNTTMPFRISMTFK the HormR
NNSPSGGETKCVFWNFRLANNTGGWDSSGC domain of
YVEEGDGDNVTCICDHLISESILMSPDSPDP ADGRFS
SSLLGILLDIISYVGVGFSILSLAACLVVEAVY 2. TSFSILMS
WKSYTKNRTSYMRHTCIVNIAASLLVANTWFI [SEGQ ID NO:
VVAAIQDNRYILCKTACVAATFFIHFFYLSVFF 75] is the
WMLTLGLMLFYRLVFILHETSRSTOKAIAFCLG peptide
YGCPLAISVITLGATOPREVYTREKNVCWLNWE agonist of
DTKALLAFAIPALIIVVVNITITIVVITKILRPSIG ADGRFS
DKPCKQEKSSLFQISKSIGVLTPLLGLTWGFG | 3. The GPS
LTTVFPGTNLVFHIIFAILNVFQGLFILLFGCLW cleavage site
DLKVQEALLNKFSLSRWSSQHSKSTSLGSST is in front of
PYFSMSSRISRRINNLFGKTGTYNVSTPEATS )
SSLENSSSASSLLN peptide
[SEQ ID NO: 13] agonist. The

GPS site for
ADGRFS is
HLATSFSILMS
[SEQ ID NP:
761.

Modularized ADGRF5.2 | ISAPINSLLOMAKALIKSPSQDEMLPTYLKDLS | 1. TSFSILMS is
ISIDKAEHEISSSPGSLGAIINILDLLSTVPTQV the peptide
NSEMMTHVYLSTYNVILGKPVLNTWEVLGQG agonist of
WITNQSSOLLHSVERFSQALQSGDSPPLSFSQ ADGRFS

€013 binding domain —
scFv FMICE3
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SEQ ID NO: 15]

Exemplary target binding domains

CD276 binding domain
- Enoblituzumab scFv

T“OD”C“fRuk”ﬂAQ(FTF

anoan
DSSAT

VVQLVPD’GG
SSTEMHWVRO

YYADTVK
DEDTAVYYCGR
”vm”»wusrsgouKP@Q(
;spvaahovcg~VT1“c
WYQQOKPGQAP *IYSﬁ”VRYTGV?”“T\
%SGSGTDFiL}ISSLQPELFATYTCQ;YN
NYPFTFGOGTKLEIKR [SEQ ID NO: 16]

CD276 binding domain
- Omburtamab scFv

QVYI“QSCAF*VﬁU”AnVLLSCKA 3GYTE
TNYDINWVRORFPEQGLER FPGDGST

DYNEKFKGKAT DTSS:TAYLQLuLgi
SEDSAVYFCARQTTATWEAYWGQGSTTVTV
SSGSTSGEGKPGSGEGSTE T
”L”Y””GJAVMLQCR“ QSISE

T
e

L

phal

\LFWLS.Ly'

23

TFGAGTKLELKR [SEQIE)NO 17]

MAdCAML binding
domain - Ontamalimab

OVOLVOSGAEVKKPGASVKVSCKASGYTE
TSYGINWVROAFGOGLEWMGWISVYSGNT
NYAQKVQGRVIMTADTSTSTAYMDLRSLR
SDDTAVYYCAREGSSSSGDYYYGMDVWGO
GTIVIVISGSTSGSGKPGESGEGSTKGDIV
MTCTPLQLSVTQL\Phuiﬂdusooi

ISRVEAEDVGT
KR [SEQ ID

TECOGTKY
GOGTKVE

Modularized ADGRLL
{for Gag {major}, Ga
i/o)

QWPATQQGMLVERPCPKGTRGIASFQCLPALGLWN
GE] ICTSEWVNOVAQKIKSGENAANTASELA
RHTRGSIYAGDVSSSVKLIMEQLLDILDAQLGALRP

KNYNKMHRKRERTCKDYIKAVVETVDNLL
RPEALESWKDMNATEQVHETATMLLDVLEEGAFLLA

AAKEN”V QVOELVEP
SRNGVVEVVETLYNN
PGGPGGASLVVNSQVI
MLDVlETVAﬂTWLhﬂFEVAvCQ
NKTHTTCACSHI

INBLLLSVITWVGIVI

o

*J

T
OVL/zM.PI

<Py b Q

o B B OSRE S E]

FPALVVGIAAATD
YFIWSFIGPVSFVT
LHKMIRSSSVILEPDSSRLD

=1

X
3

TNFAVIM is the

paptide
agonist

forxr

ADGRLYI [SEQ ID

NO: 77}

Undexrline

GAIN domain

Italics = 7TTM™

Underline
italics =
terminal
signalling
domain
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IAFGLLEL

E5SF
2 ] 7 Naliiiel) T T A TN T
A/L';_{Pr{ﬁ;\ _gfzaf)YZ\\/LJ_V_L_L/,\EJ[D'\/
~ Y T 7,
LGGREACG

PPGDGGP

VHNNLRGSS P

GEEEAGGPG £

PRAQSVLYQ 5

SSPPGRDSLYASGANLR
PPPPPAPPCPPE

VARNPLOGY >Q
I,UAP’GLEG PGPDGDGOMQLV

ID NO: 19]

Modularized ADGRL3
{for Ga 12/13 {main),
Gag {weak})

PALEESCEAVEAREIMWEKTRQGOIAKQFPCEAGTT
GVSTYLCLAPDG lWD'JbPDLoNCSDPW’hHITQK
LEKSGETAANTARELAEQTRNHLNAGDITYSVRAMD
QLVGLLDVQLRNLTPGGKDSAARS LNKAMVETVNN
LLOPQALNAWRDLTTSDQLRAATMLLHTVEESATYV
LADNLLKTDIVRENTDNIKLEVARLSTEGNLEDLK
FPENMGHGETIQLSANTLRKONGRNGEIRVAFVLYN
NLGPYLSTENASMKLGTEALSTNHSVIVNSPVITA
ATINKEFSNKVYLADPVVETVEHIKQSEENFNPNCS
FWSY ITMTGYWSTQGCRLLTTNKTHTTCSCNEHL

EVKHSDAVHDLLLDV ITWVGIL
FRGLOSDRNT

ey
iy ('l 444

Pl N T TV

LCTSLEVS T/\ R

NNHERSSEQNRNLMNEKLVNNLG S G Kl_* DJA
’ AT - ESDAPLIL

is the
peptide agonist
of BDGRL3 [SEQ ID
NO: 78]

Undexline = GAIN
domain

Italics = T7TM

Underline and
italics = (-
terminal
signalling
domain

/PI3K/AkL/MAPK/NF-
«B pathways)

GYRNVTLSONLAKMMLKWDVVHKSGDSGPSVVGLL
STPGMGKLLAEAPLVLEPEKQAVIHGAPKGLLOGYV
SSVLLSDVISVEMSNKVTQELSSPVTEFIFSHHSAT

D
Modularized ADGRE2 QRLS HR LAQET | SSFAVLMA is the

TODLIORVDELLEI PGDLEALPASEQHCVATNLLY | peptide  agonist
{(For Gal6/ PLC-P SLEGVL P]\VSCPMP\I’“DWTF‘I\L‘ST\GTDLS EvorE | of ADGREZ [SEQ ID

NC: 79}

Underline =
domain
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LDESESCTARDGATSRPLSSPPGRDSLYA

SGANLRDSFPSYFPDSSFEGPSEALFPPPPFA
T 2

Signalling via Ga 12/13 | [SEQ 1D NO: 24] {Based on ADGRL3)
{main), Gagq {weak)) RGLOSDRNTIHK/

T/
GCLDN/
GRKSTESSIGSGK

4 LA
SESSFITGDINSSASLNREGLLNNARDTS
VMDTLPLNGNHGNSYSTASGEYLSNCV(OT
IDRGYNHNETALEKKILKELTSNYIPSYL
NNHERSSEQNRNLMNKLVNNLGSGREDDA
IVLDODATSFNAEESLGLELIHEESDAPLL
RVYSTENHOPHHYTRRRIPODHSESEE
LINEATEDLOQSPHRDSLYTSMFPTLAGV
AATESVITSTQTEPPPAKCGDAEDVYYKS
MPNLGSRENHVHQLHTYYOLGRGSSDGEIV
PPNKDGTPPEGSSKGPAHLVTS L

& ity

g gy
Signalling via Gal6s/ | [SEQH
PLC-B ALTFL
/PIBK/AKL/ MAPK/NF-kB

b [ b
s
5 |

iy

pathways 501 IR,
NEKPMMVH

Signalling via Gs, Ga | [SEQ ID NO: 26] (Based on AD

12/13 and Gaq pathway | {YIAFEKIRRDY PSKILIQL
i IYLAL FNTYTRKYILK/
OLCRIKKKKOLGAQRKTSIODLRS/
YCVAKENVRKOWRRYLCCGKLRLAENSDWS KTATN
GLKKQTVNQGVSSSSNSLOSSSNS TNS TTLLVNND
CSVHASGNGNAS TERNGVS FSVONGDVCLEDFTGR
CEMFNEKEDS CNGKGRMALRRTS KRGS LHF TEQM

Exemplary GAIN domains {inc any engineered domains as per Dumas et al}

ADGRL1 GAIN domain | QWPATQQGMLVERPCPKGTRGIASFQCLPALGLWN

PRGPDLSNCTS PHVNQVAQKIKSGENAANIASELA
RHTRGSIYAGDVSSSVKLMEQLLDI LDAQLOALRP
IERESAGKNYNKMHKRERTCKDY IKAVVETVDNLL
RPEALESWKDMNATEQVETATMLLDVLEEGAFLLA
DNVREPARFLAAKENVVLEVTVLNTEGQVQELVEP
QEEYPRENSIQLSAKT IKONSRNGVVKVVFILYNN
LGLFLSTENATVKLAGEAGPGGPGGASLYVNSQVI
AASINKESSRVFLMDPVIFTVAHLEDKNHFNANCS
FWNYSERSMLGYWSTQGCRLVESNKTHTTCACSHL
[SEQ ID NO: 27]

ADGRL2 GAIN domain | PALEESCEAVEAREIMWFKTROGQIAKQPCPAGTL

GVSTYLCLAPDGIWDPQGPDLSNCSSPWVNHITOK
LKSGETAANIARELAEQTRNELNAGDITYSVRAMD
QLVGLLDVOLRNLT PGGKDSAARSLNKAMVETVNN
LI AATMLLHTVEESAFV

LOPQALNAWRDLTTSDOL:

J

87
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LADNLLETD
FFFI\M(‘Huk

ADGRE2 GAIN domain

IQDLICE
GLEGVLRNVS
GYRNVTLSQON
STPGMGKLL
SSVLLSDVIS
E LRVECVEWEHRSQDECGHI
CQCTHL

ADGRGZ GAIN domain

lD

NO:

ADGRGI GAIN domain

ID NO: 3:5]
SVDMCELKRDLOQLLSQFLKHPQKASRRPSAA
PASOOLOSLESKLTSVRFMGDMVSFEEDRIN
ATVWKLOPTAGLODLHIHSRQEEEQSEIMEY
SVLLPRTLFQRTKGRSGEAEKRLLLVDFSSQA
LFQDKNSSQVLGEKVLGIVVONTKVANLTERY
VLTFQHOLOPKNVTLQCVFWVEDPTLSSPGH
WSSAGCETVRRETQTSCFCNHL

Exemplary full length n
aGPLR

aturally occurring aGPCRs that can start as

the base chimeric

ADGRLL

MARLAAVLWNLCVTAVLVTSATOGLSRAGLPF
GLMRRELACEQYPIELRCPGSDVIMVEN
ANYGRTDDKICDADPFOMENVQCYLPDAFKIM
SQRCNNRTOCVVWAGSDAFPDPCPGTYK
YLEVQYDCVPYKVEQKVFVCPGTLOKVEEPTST
HESEHOSGAWCKDPLOAGDRIYVMPWI
PYRTDTLTEYASWEDYVAARHTTTYRLPNRVDG
TGFVYVYDGAVEYNKERTRNIVKYDLRT
RIKSGETVINTANYHDTSPYRWGGKTDIDLAVD
ENGLWVIYATEGNNGRLVVSOQLNPYTL
RFEGTWETGYDKRSASNAFMVCGVLYVLRSVY
VDDDSEAAGNRYDYAFNTNANREEPVSL
TEPNPYQFISSYDYNPRDNOLYVWNNYFVVRYS
LEFGPPDPSAGPATSPPLSTTTTARPT
PLTSTASPAATTPLRRAPLTTHPVGAINGLGPDL
PPATAPVPSTRRPPAPNLHVSPELFC
EPREVRRVOWPATQOGMLVERPCPKGTRGIAS
FOQCLPALGLWNPRGPDLSNCTSPWYNQY
AQKIKSGENAANIASELARHTRGSIYAGDVSSSY
KLMEQLEDHDAQLOALRPIERESAG

KNYNKMHKRERTCKDYIKAVVETVDNLLRPEAL

>sp| 094510 AGR

L1 HUMAN
Adhesion G
protein-coupled
receptor L1

OS=Homo sapiens
0OX=5606
GN=ADGRL] PE=1
Sv=1

88
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ESWKDMNATEQVHTATMLLDVLEEGAF
LLADNVREPARFLAAKENVVLEVTVLNTEGOVQ
ELVFPOEEYPRKNSIQLSAKTIKGNSR
NGVVKVVFILYNNLGLFLSTENATVKLAGEAGP
GGPGGASLVVYNSQVIAASINKESSRVF
LMDPVIFTVAHLEDKNHFNANCSFWNYSERSM
LGYWSTOQGCRLVESNKTHTTCACSHLTN
FAVIMAMREIYOGRINELLLSVITWVGIVISLVCL
AICISTFCFLRGLQTDRNTIHKNLC
INLFLAELLFLVGIDKTQYEIACPIFAGLLHYFFLAA
FSWLCLEGVHLYLLLVEVFESEY
SRTKYYYLGGYCFPALVVGIAAAIDYRSYGTEKAC
WLRVDNYFIWSFIGPVSFVIVVNLY
FLMYTLHKMIRSSSVLKPDSSRLDNIKSWALGAI
ALLFLLGLTWAFGLLFINKESVVMAY
LFTTFNAFQGVFIFVFHCALOKKVHKEYSKCLRH
SYCCIRSPPGGTHGSLKTSAMRSNTR
YYTGTOSRIRRMWNDTYRKQTESSFMAGDINS
TPTLNRGTMGNHLLTNPYLOPRGGTSPY
NTLIAESVGFNPSSPPYFNSPGSYREPKHPLGGR
EACGMDTLPLNGNFNNSYSLRSGDFP
PGDGGPEPPRGRNLADAAAFEKMIISELVHNNL
RGSSSAAKGPPPPEPPVPPVPGGGGEE
EAGGPGGADRAEIELLYKALEEPLLLPRAQSVLY
QOSDLDESESCTAEDGATSRPLSSPPG
ROSLYASGANLRDSPSYPDSSPEGPSEALPPPPP
APPGPPEIYYTSRPPALVARNPLOGY
YOVRRPSHEGYLAAPGLEGPGPDGDGOMOLY
TSL [SEQ ID NO: 31}

ADGRL3

MWPSQLLIFMMLLAPHHAFSRAPIPMAVVRRE
LSCESYPIELRCPGTDVIMIESANYGR
TODKICDSDPAOQMENIRCYLPDAYKIMSQRCN
NRTOCAVVAGPDVFPDPCPGTYKYLEVQ
YECVPYKVEOKVFLCPGLLKGYYOQSEHLFESDH
QSGAWCKDPLOASDKIYYMPWTPYRTD
TLTEYSSKDDFIAGRPTTTYKLPHRVDGTGRVVY
DGALFFNKERTRNIVKFDLRTRIKSG
EANANANYHDTSPYRWGGKSDIDLAVDENGL
WYIYATEOGNNGKIVISOLNPYTLRIEGT
WDTAYDKRSASNAFMICGILYVVKSVYEDDDNE
ATGNKIDYIYNTDQSKDSLVDVPFPNS
YOYIAAVDYNPRDNLLYVWNNYHVVKYSLDFG
PLDSRSGOAHHGQVSYISPPIHLDSELE
RPSVKDISTTGPLGMGSTTTSTTLRTTTLSPGRST
TPSVSGRRNRSTSTPSPAVEVLDDM
TTHLPSASSQIPALEESCEAVEAREIMWEKTRQG
QIAKQPCPAGTIGVSTYLCLAPDGIW

>spl QOHAR2 |AG

RL3 _HUMAN
Adhesion G
protein-coupled
receptor L3

OS=Homo sapiens
OX=8606
GN=ADGRL3 PE=1
Sv=2

8%
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DPOGPDLSNCSSPWYNHITOKLKSGETAANIAR
ELAEQTRNHLNAGDITYSVRAMDQLYG
LLDVOLRNLTPGGKDSAARSLNKAMVETYNNL
LOPOALNAWRDLTTSDGLRAATMLLHTY
EESAFVLEADNLLKTDIVRENTDNIKLEVARLSTEG
MLEDLKFPENMGHGSTIOLSANTLK
ONGRNGEIRVAFVLYNNLGPYLSTENASMEKLGT
EALSTNHSVIVNSPVITAAINKEFSNK
VYLADPYVFTVKHIKQSEENFNPNCSFWSYSKR
TMTGYWSTOGCRLLTTNKTHTTCSCNH
LTNFAVIMAHVEVKHSDAVHDLLLDVITWVGIL
LSLYCLLICIFTFCFFRGLQSDRNTIHH
KNLCISLFVAELLFLIGINRTDOPIACAVFAALLHF
FFLAAFTWMFLEGYQLYIMLVEVF
ESEHSRRKYFYLVGYGMPALIVAVSAAVDYRSY
GTDRKVCWLRLDTYFIWSFIGPATLIM
LNVIFLGIALYKMFRHTAILKPESGCLDNIKSW VI
GAIALLCLLGLTWAFGLMYINESTY
IMAYLFTIFNSLOQGMFIFIFHCVLQKKYRKEYGKC
LRTHCCSGKSTESSIGSGKTSGSRT
PGRYSTGSQSRIRRMWNDTVRKQSESSFITGDI
MNSSASLNREGLLNNARDTSVMODTLPLN
GNHGNSYSIASGEYLSNCVQHDRGYNHNETALE
KKILKELTSNYIPSYLNNHERSSEQN
RNLMNKLYNNLGSGREDDAIVLDDATSFNHEE
SLGLELIHEESDAPLLPPRVYSTENHQGP
HHYTRRRIPODHSESFFPLLTNEHTEDLGOSPHRD
SLYTSMPTLAGVAATESVTTSTQTER
PPAKCGDAEDVYYKSMPNLGSRNHYHQLHTYY
QLGRGSSDGFIVPPNKDGTPPEGSSKGP
AHLVTSL [3EQ ID NO: 327

ADGREZ2

MRHGHPRLLPGLLMLLLLPLGAAAQKTSGCAR
WOCPPKSTCYNATTCRCSPGRSSLSGEIF
SSPLESCODIDECGPPPLVYSCGRLADCGNTEGSY
HCMCSPGYALASGATTFMNESENTCR
DVDECOLKPRVCKSRGICTNTKGSYTCKCPPGFE
LNLGDENLCTDVNECTSGONPCHNST
HCLNNIGGYECRCRPGWKPYPGSPNGPKSTVC
EDVDECSSGKHTCHYSTVCINTVGSYKC
RCRRGWKPKPRFQDROLNTTCEVPAEMSEPT
WTPPPGIKSQRLSNFFERVOELHRDFKPA
LAGETIODLIGEVDELLEIPGDLEALPHSEQHCY
ATNLLYGLEGVLRNVSCAMPNGPWTE
NASAGTDLSLEVOQEEGYRNVTLSONLAKMMLK
WOVVHKSGDSGPSVVGLLSTPGMGKLLA
EAPLVLEPEKQAVLHGAPKGLLOGVYSSVLLSDYI
SYFMSNKVTORLSSPVTHESHHSAT

>splQ204211AG
RE2_CANLF
Adhesion G
protein-coupled
receptor E2
0S=Canis  lupus
familiaris
OX=9615
GN=ADGRE2 PE=2
SV=2

S0




WO 2025/027344

PCT/GB2024/052048

HEPKLKVFCVFWEHSQDECGHWSTRGCTVVDS
GDTSTTCQCTHLSSFAVLMAHYDVCGEED
LVLPVITYVGLGLSLLCLLLAALTFLLCKAIGNTSTS
LHEGLUICLFLAHLLFLMAIDRT
EIKVLCSHAGALHYLYLASFTWMLLEGLHLFLTA
RNLMVVNYSSYSMLMEKKLMYPYGYG
VPTLIVAISAASRSHLYGTRTRCWLNPEERFIWSF
LGPVCTIFSYNLGFFLMTLWILKSK
LSSLNSDVSTLONTRMLTFKAIAGLFILGCTWCL
GILQVGPAAHVMAYLFTHNSLOGVF
IFLVYCLLSQOVREEYGKWFKGIRKTRAESEKYTL
SSRAMSDVNKPMMVN [5EQ ID No: 33]

ADGRG2Z

MVEFSVRQCGHVGRTEEVLLTFKIFLVIICLHVVLY
TSLEEDTDNSSLSPPPAKLOVYSFA
POSNGTPEVETTSLNDVTLSLLPSNETEKTKITIVK
TENASGVYKPORNICNLSSICNDSA
FFRGEIMFQYDKESTVPONOHITNGTLTGVLSLS
ELKRSELNKTLOTLSETYFIMCATAE
ACSTLNCTFTIKENNTMNACAVIAALERVKIRP
MEHCCCSVRIPCPSSPEELEKLOLCBLO
DPIVCLADHPRGPPFSSSOSIPVVPRATVLSQVP
KATSFAEPPDYSPYTHNVPSPIGEIQ
PLSPOPSAPIASSPAIDMPPOSETISSPMPOTHY
SGTPPPVKASFSSPTVSAPANYNTTS
APPVOTDIVNTSSISDLENGQVLGMEKALSLGSLE
PNLAGEMINGQVSRLLHSPPDMLAPLA
QRLLKVVDDIGLQLNFSNTTISLTSPSLALAVIRY
NASSENTTTFVAQDPANLOQVSLETO
APENSIGTITLPSSLMNNLPAHDMELASRVOFN
FFETPALFQDPSLENLSLISYVISSSY
ANLTVRNLTRNVTYTLKHINPSODELTVRCVFW
DLGRNGGRGGWSDNGCSVKDRRINETH
CTCSHLTSFGVLLDLSRTSVLPAQMMALTEITYI
GCGLSSIFLSVTLVTYIAFEKIRRDY
PSKILIGLCAALLLLNEVFLLDSWIALYKMGQGLCIS
VAVFLHYFLLVSFTWMGLEAFHMY
LALVKVENTYIRKYILKFCIVGWGVPAVYYTILTI
SPDNYGLGSYGKFPNGSPDDFCWI
NNNAVEYITYWWEYFCVIFLLNVSMFIVVLVQLCRI
KKKKOQLGAQGRKTSIODLRSIAGLTF
LLGITWGFAFFAWGPYNVTFMYLFAIFNTLOGE
FIFIFYCVYAKENYRKQWRRYLCCGKLR
LAENSDWSKTATNGLKKOQTVNQGYSE5SNSLG
SSSNSTNSTTLLYNNDCSVHASGNGNAS
TERNGVSFSVONGDVCLHDFTGKQHMENEKE
DSCNGKGRMALRRTSKRGSLHFIEGM [sEQ 1D

NC: 34}

>3p | QBIZPS|AGR

G2_HUMAN

Adhesion G-
protein  coupled
receptor G2

OS=Homo sapiens
OX=9606
GN=ADGRG2
PE=1 5v=2

g1
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Tethered peptide | TYFAVLM [SEQ ID NOG: 731
agonist of ADGRG1

Tethered peptide TSFGVLL [SEQ ID NO: 74]
agonist of ADGRGZ

Tethered peptide | TSFSILMS [SEQ ID NO: 75]
agonist of ADGRFS

GPS site for ADGRFS HLATSFSILMS [SEQ 1D NO: 76]
Tethered peptide THFAVIM [SEQ ID NO: 77]
agonist for ADGRLI

Tethered peptide | [ NTOYLMA [SEQ ID NO: 78]
agonist of ADGRL3

Tethered peptide SSFAVLMA [SEQ ID NO: 79]
agonist of ADGRE2

HormR  domain  of | GENITCODPVIGVGEPGKVIOKLCRFSKY

ADGRF5 PSS PESPIGEGTITYKCVESOWEEKRNDC
ISEQ ID NO: 801

Sequence of the parts of the described aGPCRs that are involved in intraceliular
signalling i.e. the three intracellular loops and the C-terminal tail:

ICL1 (ICL2 | ICL3 | C-terminal tail

Based on ADGRL1 | STFC | CLEG | VTLH | HCALQKKVHKEYSKCLRHS
(Signalling via Gaq | FLRG | VHLY | KMIR | YCCIRSPPGGTHGSLKTSA
(major), Gu ifo LQTD | LLLY | SS8V | MRSNTRYYTGTQSRIRRM
(weak) ) RN | EVFE |LKPD | WNDTVRKQTESSFMAGDIN
[SEQ | SEYS | SSRL | STPTLNRGTMGNHLLTNPY
IDNO: | RTK | DNIK | LOPRGGTSPYNTLIAESVGF
811 | [SEQ | SWA | NPSSPPVFNSPGSYREFPKH
IDNO: | [SEQ | PLGGREACGMDTLPLNGNF
821 D NQ: | NNSYSLRSGDFPPGDGGPE
83] PPRGRNLADAAAFEKMIISE
LVHNNLRGSSSAAKGPPPP
EPPVPPVPGGGGEEEAGSH
PGGADRAEIELLYKALEEPL
LLPRAQSVLYQSDLDESES
CTAEDGATSRPLSSPPGRD
SLYASGANLRDSPSYPDSS
PEGPSEALPPPPPAPPGPP
EIYYTSRPPALVARNPLQGY
YQVRRPSHEGYLAAPGLEG
PGPDGDGQMQLYTSL
[SEQID NO; 84)

g2
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Based on ADGRL3 RGL | VEVF | YKMF | KKVRKEYGKCLRTHCCSGK
(Signalling via Ga QSD | ESEH | HHTA | STESSIGSGKTSGSRTPGR
12/13 (main), Gayg RNTH | SRRK | ILKPE | YSTGSQSRIRRMWNDTVRK
(weak))) HK [SEQ | SGOL | QSESSFITGDINSSASLNRE
[SEQG [ IDNO: | DN GLLNNARDTSVMDTLRPLNG
1D NO: | 86] [SEQ | NHGNSYSIASGEYLSNCVQI
851 IDNO: | IDRGYNHNETALEKKILKELT
871 SNYIPSYLNNHERSSEQNR
NEVMNKLYNNLGSGREDDAI
VLDDATSFNHEESLGLELIH
EESDAPLLPPRVYSTENHQ
PHHYTRRRIPQDHSESFFFPL
LTNEHTEDLQSPHRDSLYT
SMPTLAGVAATESVTTSTG
TEPPPAKCGDAEDVYYKSM
PNLGSRNHVHQLHTYYQLG
RGSSDGRIVPPNKDGTRPE
GSSKGPAHLVTSL
[SEQ 1D NO: 88]
Based on ADGRE2 ALTF [ LLEG | MTLW | SQQVREEYGKWFKGIRKTR
{Signalling via G168/ | LLCK { LHLF | IKSK | AESEKYTLSSRAMSDYNKR
PLC-B AIQN [ LTAR | LSSL | MMV,
/PIBK/IAKYMAPKINF- | TST SEQ
kB pathways) sEq | VNYS | STLQ
IDNO: | SVSM | NTRM
891 LMK | LTFK
[SEQ | AIAQ
IDNO: | ISEQ
801 D NO:
91]
Based on ADGRG2 TYIA | EAFH | QLCR | YCVAKENVRKQWRRYLCC
{Signaliing via Gs, FEKI | MYLA | IKKKK | GKLRLAENSDWSKTATNGL
Ga 12/13 and Gag RRD | LVKV | QLGA | KKQTVNQGVSSSSNSLQSS
pathway ) YPSK | FNTY! | QRKT | SNSTNSTTLLYNNDCSVHA
(LIQL { RKYIL | SIQD | SGNGNASTERNGVSFSVQ
[seq | K LRS/ | NGDVCLHDFTGKQHMFNE
IDNG: | [SEQ | [SEQ | KEDSCNGKGRMALRRTSK
93] 1D NO: | IDNQ: | RGSLHFIEQM
34] 95] [SEQ 1D NO: 96]

Saquences of the GRS cleavage site and CTF stalk of a range of aGPLRs.

TA refers to the tethered agonist.

[SEQ ID NO: o7

CACSHLTNFAVEMAHREIYQGRINELLLSY

[SEQ ID NO: o8

CACSHLTNFAILMAHREIAYKDGVHELLTY

93
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CSCNHLTNFAVLMAHVEVKHSDAVHDLLLDY

{SEQ ID NO: 99
) CRCNHLTHFAILMSSGPSIGIKDYNILTRI
{SEQ ID NO: 100
[SEQ 1D NO: o1 CSCNOQMANLAVIMASGELTMDFSL
[SEQ ID NO: . CRCTHLESSFAVEMARHYDVQEEDPVLT
[SEQ ID NO: CNCSHLSSFAVLMALTSQEEDPVLT
102 CKCFHLSSFAVIVALAPKEDPVLT
{SEQ ID NO: 104 —
HLSSFAILMAHYDVEDWKLTLITR
{SEQ ID NO: 105 Q
[SEQ ID NO: (o6 LHCOHLGNVAVLMELSAFPREVGGAGAGLH
[SEQ ID NO: . IQCYSLSNYAVIMDLTGSELYTQAASLLHP
[SEQ 1D NO: CQCSHTASFAVEMDISRRENGEVLPLKI
H CQCNHMTSFAVLMDVSRRENGEILPLKT
T 12 RCSRTGTFGVLMDASPRERLEGDLELL
{SEQ ID NO: 110 CRCSRTGTFG 5 G
RCTHLTNFAILMQVVPLELARGHQVAL
[SEQ ID NO: 111 CRC Q GHQ 55
[SEQ ID NO: 5 CFCNHSTSFAILLQIYEVQRGPEEESLLR
THLTSFSILMSPRVPSTIFPYVKWIT
{SEQ ID NO: 113 cQe SESILMS -"S -
[SEQ 1D NO- N CKCRPSKLFTSFSILMSPHILES
SVLM
[SEQ ID NO: e CLOQHLTAFSVLMSPHTVPEEPALALLTQ
[SEQ ID NO: . CRCNYTSVVMSFSILMSSKSMTDK
Sive S
[SEQ ID NO: . CICDHLTSFSILMSPDSPDPSSLLGILLD
[SEQ ID NO: e CLCDRLSTFAILAQLSADANMEKATLP
[SEQ ID NO: . CQCQHLSTFAVLAQPPKDLTLELAGSPSYPR
[SEQ ID NO: 120 CLCDRLSTFAILAQQPRENMESSGTPSVY
[SEQ ID NO: . CFONHLTYFAVLMYSSYEVDAVHKHYLS
[SEQ ID NO: o CTCSHLTSFGVLLDLSRTSVLPAQMMAL
[SEQ ID NO: - CCCDHLTFFALLLRPTLDQSTVHILTR

94
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[SEQ ID NO: 1oa COQCDHLTHFGVLMDLSRSTVDSVNEQIL
[SEQ ID NO: - CRONHLTYFAVLMOQLSPALVPAELLAPL
SFTHEGY TKYV
[SEQ 1D NO: - CLCNHFTHFGVLMDLPRSASQLDARNTKYL
[SEQ ID NO: . CRCNHTTNFAVLMTFKKDYQYPKSLD
MSY DNLSSYNE
(SEQ ID NO: - CACSHMSVYAVYARTDNLSSYNE
s /
[SEQ ID NO: . CXCXHLTAFAVLMIXKX KOO0

Figure Legends

Figure 1 ~ Chimeric aGPCRs design and engineering. A} Schematic diagram of
aGPCRs and their activation mechanism. Thea unigue feature of aGPCR family members
is the autoproteolysis within the highly conserved GAIN domain (GPCR
Autoproteolysis-INducing domain}. It leads to the noncovalent association between
the N-terminal extraceliular domain (ECD) and the tethered agonist-7 transmembrane
domain/cytoplasmic C-terminal fragment. After binding to target ligand, the
mechanical forces will remove the N-terminat fragment, and then axpose the tethered
agonist peptide to activate the aGPCRs. B) Concapt of chimeric aGPCR design. In order
to expand the sensing repertoire of synthetic or chimeric aGPCRs, the original ligand
binding domains of aGPCRs are replaced by diverse heaterclogous synthetie ligand
binding scaffolds {e.g. scFv). The mechanical force caused by antibody - antigen
interaction removes the GAIN domain and expose the tethered agonist peptide to
activate GPCR signalling pathway. C) General strategy of chimeric aGPCR design and
engineering. The chimeric aGPCR scaffold is composed of: 1. different aGPCR signal
peptide for tuning receptor expression level; 2. diverse synthetic sensing scaffold
against differant target of interests; 3. linker sequences which are critical to receptor
performance; 4. modularized aGPCR variants which are composed of the GAIN domain,
corresponding tethered agonist, 7 transmembrane and cytoplasmic domain; 5. genetic
circuit design for signal processing engineering; and 6. N-terminal ¢-Myc tag and C-
terminal HIBIT tag for verifying receptor cell surface expression level and
autoproteolysis status of chimeric aGPCRs,

Figure 2 —~ Verify expression level of chimeric aGPLRs on different cell surface.
A} Express chimeric aGPCRs in different cell type. The chimeric aGPCR will be
introduced into: 1} Jurkat NFAT-luciferase system (Promega) by mRNA nucleofection;
2} MK celis by mRNA nucleofection or lentivirus infection; and 3} iPSC cells by CRISPR
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knock-in, and further transformed into MK cells and Synlets through directed
differentiation and plate shaking. B) Analysis of chimeric aGPCR exprassion level by
flow cytometry and western blot. C) Jurkat cell surface expression level of 4 different
chimeric aGPCRs. 4 chimeric aGPCRs fused with FMC63 single chain variable fragment
{scFv) which recognizes antigen CD19 were designed based on ADGRGL and ADGRFS
(sequence and design detail see supplementary information). Their cell surface
expression levels were analysed by anti FMCE3-PE conjugated antibody and flow
cytometry.

Figure 3 - Functional analysis of chimeric aGPCRs in Jurkat NFAT-luciferase
system. A) Functional analysis of FMC63 chimeric aGPCRs in Jurkat NFAT-luciferase
system (Promega). The Jurkat cells nucleofected with IVT mRNAs of different chimeric
aGPCRs constructs were incubated in the 96 well streptavidin plates coated with
biotinvlated antigen CD19 at 37 degrees with gently shaking (120 rpm). The
mechanical force generated through FMCE3-CD19 interaction and plate shaking will
separate the N-terminal scFv FMCB3-GAIN domain fusion protein and the C-terminal
aGPCR fragment, and then further activate the downstream luciferase reporter gene
expression through NFAT signalling pathway. B) Functional analysis resulis of 4
different chimeric aGPCR constructs in Jurkat NFAT-luciferase system.

Figure 4 - Detect the release of N-terminal scFv FMUB3-GAIN domain fusion
protein. A) Schematic diagram of detecting the release of N-terminal scFv FMCE3-
GAIN domain fusion protein. The release of N-terminal scFv FMCE3-GAIN domain fusion
protein from Jurkat cell surface was analyzed under four different incubation
conditions: i, without binding to antigen CD19 and without plate shaking; ii. without
binding to antigen CD19 but with plate shaking; iii. with binding to antigen CD19 but
without plate shaking; and iv. with binding to antigen CD19 and with plate shaking. B)
Analyze surface remained scFv FMC63-GAIN domain fusion protein under four different
incubation conditions by flow cytometry. C) Functional analysis of ADGRG1.2 under
four different incubation conditions. The analysis was performed with three different
cell amounts.

Figure. 5 - Different responses of engineered FMC63-ADGRGL.Zwt and
FMUB3-ADGRGL.2_H381S for ligand binding and plate shaking.

H381S mutation is in the GPCR proteolysis site (GPS) and inhibit the aGPCR
autoproteclysis activity. The mechanical force generated by CDI9-FMCE3 scFv
interaction and plate shaking should not be able to separate the GAIN domain of
mutated ADGRGL.2_H381S from tether peptide agonist and unable to trigger the
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aGPCR downstream signal response. 10.5 and 15 ug of ADGRGL.2Zwt and
ADGRGL.2_H3815 mRNA were nucleofected into Jurkat cells for functional assay.
Comparing to ADGRG1.2_H381S, the ADGRG1.2wt has more significant response to
ligand binding and plate shaking.

Figure 6- Functional analysis of chimeric aGPCRs in MK celis or Synlets. Since
the activation of chimeric aGPCRs triggers downstream a-granule release through PLCE
pathway, the function of chimeric aGPCRs in MK cells or synlets can be analysed
through: the expose of P-selectin/CD62p on cell surface; the release of platelst factor
4 (PF4); and the release of pre-loaded therapeutic cargos. The other molecules
involved in relative signalling pathways will also be applied for further engineering.

Figure 7 ~ In vitro and in vive mouse models for functional analysis of
chimeric aGPCRs. A) Establishment of endothelial cell line (e.g. M&1) with tuneable
cell surface antigen {e.g. CDI9/CD276/MadCaml) expression level, BY Multi-stage in
vitro chimeric aGPCRs screening. In order to eifectively select functional constructs,
the chimeric aGPCR variants will be selected step-by-step through: 1.} 2D culture cell
surface binding assay; IL) Transwell therapeutic cargo release assay; and III) 3D
microfluidic  co-culture system  for mimicking cancer micro-environments., )
Establishment of in vivo mouse model. MS1 cells expressed with targel antigen forms
hemangioma in NGS mice and will be used for evaluating the therapeutic effect of
chimeric aGPCRs (Left). Co-injection of human cancer cell line and MS1 cells with or
without expressing target antigen will form xenografted tumor vasculature as positive
and negative control for functional analysis of chimeric aGPCRs (Right).

Figure.8 Rewiring chimeric aGPCR signalling through genetic circuit design.
a) Rewiring aGPCR downstream signalling pathway through chimeric G protein (left)
or modifying aGPCR G protein binding motif. The chimeric G protein can be engineered
through alternating C-terminal GPCR binding sequences. For example, the chimeric G
protein Gag / Gos is engineered by replacing the original Gag C-terminal GPCR binding
sequence with the sequence from Gos. The chimeric G protein Gagq / Gus enables the
Gas dependent aGPCR  (rather than original Gog dependent aGPCR) to activate
downstream Guog signalling pathway upon activation. B) Synthetic genetic circuit
design based on close proximity induced by aGPCR activation. Nter: N-terminal. Cler:
C-terminal.

Figure. 9 Sequences of the GPS cleavage site and CTF stalk of a range of
aGPCRs.
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TA refers to the tethered agonist.

Figure 10. Schematic of a GPCR protein depicting the position of the three

intracelivlar loops involved in intraceliuiar signalling with the C-terminal tail.

Figure 11. A - Schematic depicting the extracellular domain and intracellular tail of
an embodiment of the chimeric aGPCR of the invention. B - Schermatic depicting the
arrangement of the intermediate adaptor protein or peptide, and the corresponding
tag and ultimate target binding domains.

Examples

Qutline

The aGPCRs sense and respond to environmental stimuli through the mechanical forces
generated by the interaction between target ligands and their own ligand binding motifs
(Fig. 1a). In order to expand the sensing repertoires of aGPCR, here we design and
engineer chimeric aGPCRs through swapping their natural ligand binding motifs with
synthetic (or the non-natural) sensing scaffolds (Fig. ib). General strategies for
engineering chimeric aGPCR include: a) fine tuning the receptor expression level
through screening different aGPCR signal peptides; b) verifying receptor cell surface
expression level by adding N-terminal c-myc tag for detection; ¢) swapping the naturai
sensing domain for different sensing domains, such as nanobodies, scFvs, or Fabs
against diverse target of interest; d} tuning the signal threshold, signal cuiput
strength, and signal to noise ratio {S/N ratic) by modularizing diverse aGPCR GAIN
domain, 7 transmembrane region and cytosclic domains; &) rewiring the downstream
signal processing through genetic circuit design and engineering; and f) verifying auto-
proteolysis status with C-terminal HiBIT tag labelling (Fig. ic¢). Further details are
described below.

Example 1. Express chimeric aGPCRs on cell surface

Based on the intended use and purpose, chimeric aGPCRs are exprassed in different
cell types through different methods, including: 1) The in vitro transcription (IVT)
mRNA of different chimeric aGPCR constructs will be nucleofected into Jurkat NFAT-
luciferase system for high throughput (HTP) screening of functional chimeric aGPCR
variants; 2) The iPSC or human stem cells (hSCs) direct differentiated MK cells will be
infected with lentivirus constructs of selected functional chimeric aGPCR variants for
further verification; 3} The selected candidates of functional chimeric aGPCR constructs
will be knocked-in into IPSC cell line and further directed differentiated into MK cells
for functional analysis. The MK cells described above will be further used for producing
Synlets through plate shaking (Fig. 2a). The surface expression level of chimeric
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aGPCRs will be analysed through: 1) Fluorophore conjugated anti ¢-Myc tag antibody
to detect the N-terminal o-Myc tag of chimeric aGPCRs by flow cytometry; 2)
Fluorophore conjugated target ligand to detect the ligand-sensing scaffold interaction
by flow cytometry; and 3) Fluorophore conjugated anti sensing scaffold antibody to
detect the folding/expression of sensing scaffold. In addition, the auto proteolysis
status of chimeric aGPCR constructs will be analysed through C-terminal HIiBIT tag by
western blot (Fig. 2b).

The expression level of 4 FMC63 chimeric aGPCRs were analysed on Jurkat cell surface.
FMCE3 is a CD19-specific IgG1 mouse monocional antibody. These chimeric aGPCRs
were designed based on ADGRGL and ADGRFS. Their ligand binding domains were
swapped with the FMC83 scFv which recognizes antigen CD19 (design and seqguence
detail piease see Table 1). Their cell surface expression levels were analysed by anti
FMCB3-PE conjugated antibody {Acrobiosystems) and flow cytometry (Fig. 2¢). These
four designed constructs were all able to express on Jurkat cell surface. The two
constructs (ADGRGL.1 and ADGRG1.2) designed based on ADGRG1 have shown much
higher expression level than the other two constructs designed based on ADGRFS
(ADGRF5.1 and ADGRF5.2). The differences between ADGRGL.1/ADGRGL.2 (with or
without extra linker) or ADGRFS.1/ADGRF5.2 (with or without HormR domain) seems

to have low or no influence on their cell surface expression level,

>In vitro transcription of mRNA

IVT mRNA production was foliowed the manual of HiScribe T7 mRNA Kit with CleanCap
Reagent AG. In brief: T7 promoter, eif4G aptamer, kozak seguence and 3’'UTR were
added into target gene seguence by PCR amplification. The purified DNA fragments
were further in vitro transcribed inte mRNA by CleanCap reaction which contains
pseude-UTP and other NTPs, reaction buffer, 5" Cap analog, and 77 RNA polymerase
mix. After removing the DNA template by DNase I reaction, the poly A tail was added
by E. coli Poly(A) Polymerase.

>Nucleofection of mRNA into Jurkat cells

After PBS wash to remove cell culture medium, 1 x 1046 of Jurkat cells were
resuspended in 20 pl of SE buffer (Lonza). 1 - 6 pg of IVT mRNA in 2 pbl of nuclease-
free water was added into the Jurkat cells and transferred into nuclecfection cuvette.
The cells were nuclecfected in the 4D nuclecfector with program CM-120. After rescued
by 100 ul of Jurkat cell medium, the cells were further transferrad into 2 ml of culture
medium in & well culture plate and incubated in 37 degrees overnight for further
analysis,
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>Surface expression lavel assay

1x 105 of Jurkat cells nucieofected with the mRNA of chimeric aGPCRs were labelled
with CD19-PE (Acrobiosystem, 1:100) or anti-FMC63 antibody-PE (Acrobiosystem,
1:100) for 20 — 30 mins in the dark. The cells were washed by MACSQuant running
buffer to remove the unbound CD19-PE or antiboedy-PE. The pelleted cells were
resuspended in MACSQuant running buffer with DAPI (1:200) and then further
analysed by MACSQuant flow cytometry.

Example 2. Functional assay of chimeric aGPCRs in Jurkat NFAT-Luciferase
systam

The function of chimeric aGPCRs were tested in Jurkat NFAT-Luciferase system
{Promega). The activation of aGPCR will increase cytoplasmic calcium concentration
through phospholipase C (PLC) pathway, which will further activate downstream NFAT-
Luciferase reporter geng sxprassion.

The Jurkat NFAT-Luciferase reporter cells nucleofected with IVT mRNAs of different
FMCB3 chimeric aGPCRs constructs were incubated in the 96 well streptavidin plates
coated with biotinylated antigen CD19. The plate was incubated at 37 degrees with
gently shaking to generate the mechanical forces to activate the chimeric aGPCRs and
downstream reporter gene expression {Fig. 3a). The functional assay of four FMC63
chimeric aGPCRs have shown that the two chimeric aGPCR designed based on ADGRGL
(ADGRGL.1 and ADGRG1.2) have response to target antigen CD19 (Fig. 3b). The
different functional performance between ADGRG1.1 and ADGRG1.2 should result from
the presence of an extra linker sequence between FMC63 scFv and the GAIN domain,
which highlight the importance of linker sequences to the function of ADGRGI based
chimeric aGPCR design (sequence details please see the supplement information). The
lack of function of the two ADGRFS based FMCE3 chimeric aGPCRs design may be due
to the lower expression level comparing to ADGRG1 based design (Fig. 3¢). Further
tuning the surface expression level of ADGRFS based chimeric design through signal
peptide engineering, and verifying the folding and binding capability of surface
expressed FMC6E3 scFv will be the main tasks to improve the ADGRFS based chimeric
aGPCR design.

Example 3. Effects of agitation and cleavability of GPS site

The release of N-terminal scFv FMC63 - GAIN domain fusion protein and the influence
of plate shaking to the activation of aGPCR were verified with the chimeric aGPCR
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construct ADGRG1.2. Jurkat NFAT-Luciferase reporter cells nucleofected with mRNA of
ADGRG1L.2 were incubated under 4 different conditions (Fig. 4a). Surface expression
level of scFv FMC63-GAIN domain is significantly reduced due to ligand binding and
plate shaking (Fig. 4b). The Jurkat NFAT-Luciferase reporter cells nucleofected with
ADGRG1.2 can only be activated under ligand binding and plate shaking condition (Fig.
4c).

To verify if the exposure of tethered peptide agonist is essential for the activation of
chimeric aGPCR, the ADGRG1 autoproteclysis resistant variant H3815 were used as a
negative control (Fig.5). The significant lower response of ADGRG1.2_H381S to ligand
binding and plate shaking comparing to wild type ADGRGL.Z indicated that the
proteoclysis and exposure of tethered peptide agonis is important for aGPCR function.

>Functional assay of Jurkat NFAT-Luciferase system

The day before the Jurkat NFAT-Luciferase assay, the 96 white well streptavidin plate
(Pierce) was coated with 0.4 ug CD19-Fc-Avitag (bio-techne) per well and store in 4
degrees overnight. 5 x 1074 of Jurkat cells nucleofected with the mRNA of chimeric
aGPCRs were resuspend in Jurkat cell culture medium and added into each well. The
plate was incubated at 37 degrees with gently shaking (120 rpm) for 6 hours. After
incubation, 50 ybL of Bio-Glo luciferase assay buffer (Promega) were added into each
weil, The luciferase signal was further analysed by FLUOstar Omega plate reader.

Example 4. Functional assay of chimeric aGPCRs in M¥ cells

The activation of chimeric aGPCR will lead to the activation of PLC and then further
promote the g-granules to release cargos such as platelet factor 4 (PF4) or pre-lcaded
therapeutic cargos (e.g., scFvs or cyiokines), or the expose of P-selectin/CD62p on
platelet surface (Fig. 6). The exposure of P-selectin can be labelled by fiuorophore
conjugated anti-P-selectin antibodies and analysed by flow cytometry. The release of
PF4 or pre-lpaded therapesutic cargo can be also analysed through ELISA experiments.
These assays provide us diverse methods to test the functional performance of chimeric
aGPCRs in MK cells.

Example 5. Functional assay of chimeric aGPCRs in Syniets

Synlets are produced through gently shaking of MK cell culture plates overnight. The
function of chimeric aGPCRs will be tested through: 1) the expose of P-selectin on
Syniets surface by flow cytometry; 2} the release of PF4 or pre-icaded therapeutic
cargo by ELISA,
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Example 6. Expanding the sensing repertoire of chimeric aGPCRs

In order to expanding the sensing repertoire of chimeric aGPCRs, diverse sansing
scaffolds including nanobodies, scFvs and Fabs will be used for further chimeric aGPCR
designs. Different target of interest such as CD19, CD276, and MadCAM1 and their
corresponding sensing scaffolds will be also introduced into chimeric aGPCR designs.

Example 7. In vitro screening of functional chimeric aGPCRs in cell models
The in vitro screening of functional chimeric aGPCRs in cell models will be established
for further evaluating their capabilities to be activated by target antigen expressed on
cell surface.

Immortalised mouse endothelial cell models (e.g. MS1 line) have been proven to be
able to support the in vitro and in vivo targeting of endothelial cell markers. The
expression level of target protein on endothelial celi models can also be fine-ftuned by
selecting different promoters or virus MOI (Fig.7a).

The functional chimeric aGPCRs will be selected through three in vitro models (Fig.7b):
a) select the aGPCR design variants which are able to bind/interact with MS1 target
presenting celis in 2D cell culture plate (Fig.?h, left); b) the selected variants will be
further analysed in transwell assays to test their capability to release functional
therapeutic cargo upon interacting with MS1 target presenting celis (Fig.7b, middie);
¢) the variants selected after two stage of screening will be applied to 3D microfluidic
assay to mimic the environment in blood flow (Fig.7b, right).

Example 8. Functional assay of chimeric aGPCRs in MS1 mouse model.

MS1 cell lines expressing target antigen are able to form vascular hemangioma in NGS
mice. It has been proved that such hemangioma can be removed by anti-target antigen
CAR-T cells. Therefore, the NGS mice model with vascular hemangioma formed by
target antigen expressing MS1 cells will be applied as the first step for evaluating the
therapeutic effect of chimeric aGPCRs (Fig.7¢, left).

In addition, it has been proved that the co-injection of human cancer cell line and M&1
cells in mice will form xenografted tumor vasculature derived from MS1 celis. The co-
injection of human cancer cell line and MS1 cells with or without expressing target
antigen will be applied as positive and negative control for evaluating the therapeutic
effect of chimeric aGPCRs (Fig.7¢, right) .
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Example 9. Rewiring chimeric aGPCR signalling through genetic circuit design.
Modularization and adaptation of various aGPCRs into Synlet platform is the key step
for optimizing the signalling performance of chimeric aGPCRs. To achieve this goal,
rewiring diverse downstream signalling with Gag protein pathway, which is the major
pathway for the releasing of a-granule through GPCRs in platelet will be the first
priority. Strategies such as introducing chimeric G protein or modify G protein
interaction motif on GPCR based on structural information will be appliad in this project
{(Fig.8a).

Implanting diverse Boolean logic gates has shown great potential in improving the
precision of therapeutic cells. However, the possibility of synthetic ITAM and aGPCR
receptor-based logic gate design is greatly limited by sharing the same downstream
calcium signalling pathway. Therefore, there is an urgent need for orthogonal genetic
circuit design for rewiring aGPCR downstream signalling. Close proximity induced by
GPCR activation-based genetic circuit design will be recruited in this project {(Fig.7b):
the C-terminus of aGPCR is fused with a V2 fail sequence from arginine vasopressin
receptor 2 (AVPR2) and a part of downstream split reporter (e.q. C-terminal fragment
of split PLCE); and an adaptor protein, Beta-Arrestin-2 (ARRB2) is fused to the other
part of downstream split reporter {e.g. N-terminal fragment of split PLCB). The
interaction between V2 tail sequence and ARRBZ induced by aGPCR activation will bring
the two spht reporter fragments into close proximity and therefore restore PLCE
function. The dimerized PLCR can be further activated through ITAM based signalling
pathway for releasing therapeutic cargos in «~-granule and form an "AND" Boolean logic
gate for improve the precision of Synlets.

The invention also provides the following numberad embodiments

1. A chimeric adhesion G-Protein Coupled Receptor (aGPCR) comprising:

a) an intraceliular tail domain, optionally a C-terminal tail;

b) a seven-transmembrane domain (7TM) that comprises three intraceliular loops
(ICLs); and

¢} an extraceliular domain comprising:

(i) a target binding domain that is heterologous to the intracellular tail domain;

(i) a GPCR autoproteclysis-inducing domain (GAIN domain) that optionally comprises
a tethered agonist peptide;
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and optionally further comprising
(iii) a linker, optionally wherein the linker is in the extraceliular domain, optionally
between the GAIN domain and the farget binding domain.

2. The chimeric aGPCR of embodiment 1 wherein the GAIN domain comprises a
GPCR-proteolytic site (GPS) site optionally positioned N-terminal of the tethered
peptide agonist.

3, The chimeric aGPCR of embodimeant 2 wherein the GPS site is cleaved by the
GAIN domain.
4, The chimeric aGPCR of ambodiment 2 wherein the GPS site is not cleaved,

optionally not cleaved by the GAIN domain.

5. The chimeric aGPCR of embodiment 4 wherein the extracellular domain further
comprises a protease site,

optionally comprises

a protease site that is a cysteine protease site, a metallo protease site, an aspartate
protease site, a serine protease site or a threonine protease site; and/or

a protease site that is a protease that is associated with the tumour microenvironment,

optionally wherein

i} the chimeric aGPCR becomes activated upon cleavage of the protease site in the
absence of binding of thetarget binding domain to the target; or

ii} the chimeric aGPCR becomes activated only upon cleavage of the protease site and
binding of thetarget binding domain to the target.

6. The chimeric aGPCR of any of embodiments 1-5 wherein the:

intraceliular tail domain, optionally the C-terminal tail is autologous to the 7TM
domain;

intracelivlar tail domain, opticnally the C-terminal tail is autologous to the GAIN
domain; and/or

intracellular tail domain, optionally the C-terminal tail is autslogous to the GPS motif.

7. The chimeric aGPCR of any of embodiments 1-6 wherein the chimeric aGPCR
activates intracellular signalling when:
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a) the chimeric aGPCR is localised to the plasma membrane of a chassis,
optionally a cell, a platelet or an engineered platelet; and when

b) the chassis, optionally the cell, platelet or engineerad platelet, is incubated
and/or agitated in the presence of the target

optionally where the chassis, optionally the cell, platelet or engineered platelet
comprises a reporter system

optionally where the reporter system comprises a reporter protein that is expressed
when intraceliular signalling is activated, optionally wherein the reporter protein is
exprassed from a promoter that comprises a nuclear factor of activated T celis (NFAT)

response element, optionally wherein the reporter protein is a luciferase enzyme.

8. The chimeric aGPCR of any of embodiments 1-7 wherein the intraceliular
domain comprises one or more substitutions, insertions or deletions as compared to
the autologous intraceliular domain or to a wild-type intraceliular domain, optionally

wherein

the one or more substitutions, insertions or deletions increases the intraceliular
signatling response as compared to the autologous intracetiutar domain or to a wild-
type intracellular domain that does not comprise the same one or more substitutions,
insertions or deletions; or

the one or more substitutions, insertions or deletions decreases the intraceliular
signalling response as compared to the autologous intraceliular domain or to a wild-
type intracetiular domain that does not comprise the same one or more substitutions,
insertions or deletions;
and/or

the one or more substitutions, insertions or deletions alters the specificity of
the intracellular signalling response as compared {0 the autologous intraceliular domain
or to a wild-type intracellular domain that does not comprise the same one or more
substitutions, insertions or deletions resulting in altered signalling pathway activation,

3, The chimeric aGPCR of any of ambodiments 1-8 further comprising a signal
peptide, optionally a signal peptide that has been selected o achiave a desired level

of chimeric aGPCR at the cell, platelet, or engineered platelet surface.

14, The chimeric aGPCR of any of embodiments 1-9 wherein the:
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i)
a) intracellular tail;
b) seven-transmembrane domain (7TM); and

¢) GPCR autoproteolysis-inducing domain {GAIN domain) that optionally comprises a

tethered agonist peptide and that optionally cleaves a GPS motif; and
d) GPS motif that is optionally cleaved by the GAIN domain

are autologous to one ancther;

or

ii} GAIN domain is heterologous to:
the 7TM domain;

the intracellular tail; and/or

the target binding domain;

or

i

a) intracellular tail ;

b} seven-transmembrane domain (7TM); and

¢) GPCR autoproteslysis-inducing domain {(GAIN domain}; and
d) GPS motif

are from the same naturally occurring aGPCR;

or
iv)

ay intraceliular tail;

b} seven-transmembrane domain (7TM}; and

¢} GPCR autoproteclysis-inducing domain {GAIN domain); and/or
d)y GPS motif

are from the same naturally cccurring aGPCR, and wherein any one or more of the:

a) intracellular tail;

b} seven-transmembrane domain (7TM}; and
¢} GPCR autoproteclysis-inducing domain (GAIN domain); and/or
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d) GPS motif

comprises an amino acid sequence that has at least 75%, 80%, 85%, 90%, 92%,
94%, 96%, 98% or 100% sequence identity to the corresponding domain of the

naturally cccurring aGPCR.

il. The chimeric aGPCR of any of embodiments 1-10 wherein the GAIN domain is:

from ADGRG1 and has an amino acid sequence of [SEQ ID NO: 357;
from ADGRLL and has an amino acid sequence of [SEQ ID NO: 277,
from ADGRL3 and has an amino acid sequence of [SEQ ID NO: 28];
from ADGREZ and has an amino acid sequence of [SEQ ID NO: 29];
from ADGRGZ and has an amino acid sequence of [SEQ ID NO: 301,

or is a GAIN domain with an amino acid sequence that has at least 75%, 80%, 85%,
O0%, 92%, 94%, 96%, 98% or 100% sequence identity to SEQ ID NO: 35, 27, 28, 2¢
or 30, opticnally wherein:

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 35 and:
the intracellular tail is not from ADGRGY;
the target binding domain is not from ADGRGIL; and/or
the 7TM domain is not from ADGRGHE;

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 27 and:
the intraceliular tail is not from ADGRLI;
the target binding domain is not from ADGRLY; and/or
the 7TM domain is not from ADGRLYL;

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 28 and:
the intraceliular tail is not from ADGRL3;
the target binding domain is not from ADGRL3; and/or
the 7TM domain is not from ADGRL3:

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 24%, 96%, 8%
or 100% sequence identity to SEQ ID NO: 29 and:
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the intracellular tail is not from ADGRE2;
the target binding domain is not from ADGREZ; and/or
the 7TM domain is not from ADGREZ; or

the GAIN domain has atl least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 30 and:
the intracellular tail is not from ADGRG2;
the target binding domain is not from ADGRGZ; and/or
the 7TM domain is not from ADGRG2.

12, The chimeric aGPCR of any of the embodiments 1-11 wherein the target binding
domain is able to bind to a target that is noncovalently bound or covalently bound or
is anchored im

a cell surface;

a platelet or engineered platelet surface;

a physical structure;

the interior of a blood vessel;

an organ;

a solid tumour,;

An anchored protein;

A target that has an opposite relative movement to the chimeric aGPCR when the
chimeric aGPCR is present in the plasma membrane of a cell, piatelst or engineered
piatelet; and/or

Immobilised on a solid substrate.

13. The chimeric aGPCR of any of embodiments 1-12 wherein the target is present

on a cell surface or a tissue surface.

14, The chimeric aGPCR according to any of embodiments 1-13 wherein the targst
is a tumor antigen, neoantigen or autoantigen,

15. The chimeric aGPCR according to any of embodiments 1-14 wherein said targst

binding domain comprises:

an antibody or antibody fragment that binds specifically to said target;
a variable heavy chain domain and/or a variable light chain domain;
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one, two or three CDRs of a heavy chain and/or oneg, two or three CDRs of a light chain;
an scFv;

a nanobody;

a Fab;

2 kappa light chain or a fragment thereof targeting;

a synthetic binding scaffold such as a monobody, affibody, DARPIn or knottin;
anti-CD19 scFV domains, such as FMCE3 scFv domains optionally of example SEQ ID
NO: 15;.

anti-CD276 scFV domains, such as Enoblituzumab scFv domains optionally of SEQ ID
NO: 16 or Omburtamab optionally of SEQ ID NO:17; and/or

anti- MAJdCAMIL scFV domains, such as Ontamalimab scFv domains optionally of SEQ
ID NO: 18;

a target-binding ligand or fragment thereof that binds specifically to said target.

16, The chimeric aGPCR of any of embodiments 1-15 wherein when the chimeric
aGPCR is present in the membrane of a platelet or an engineered platelet, binding of
the target binding domain to the target:

a) results in degranulation of the platelet or engineered platelet;

b) results in the release of contents from the platelet or engineered platelet;

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

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

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

17. The chimeric aGPCR of any of embodiments 1-16 wherein the intraceliular tail
and/or one, two or three ICLs:

Comprises a domain that binds to a Geg subunit and when the chimeric aGPCR is
activated activates beta-type phospholipase C (PLCB);

Comprises a domain that binds to a Gas subunit and when the chimeric aGPCR is
activated stimulates the-€ cAMP-dependent pathway by activating adenyivl cyclase and
increasing intracellular cAMP levels; er

Comprises a domain that binds {0 a Guyo subunit and when the ¢GPCR is activated
inhibits adenyly! cyclase and decreases intraceliular CAMP;
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Comprises a domain that binds to a Ga 12/13 subunit and when the chimeric aGPCR is
activated activates the RhoA pathway; and/or

Comprises a G domain that binds to a o 16 subunit and when the chimeric
aGPCR is activated activates PLC-8 /PISK/AkL/MAPK/NF-xB pathways.

18. The chimeric aGPCR of any of embodiments 1-17 wherein, once activated:

a) results in degranulation of the platelet or engineered platelet;

b) results in the release of contents from the platelet or engineered platelet;

¢) results in the presence of intraplatelet contents on the plasma membrane of the
platelet or engineered platelat;

d} results in the release of exiracellular vesicles via blebbing from the plasma
membrane; and/or

&) results in a change of shape of the platelet or engineered platelet from a biconcave
disk to fully spread cell fragments,

optionaily wherein the intracellular signalling domain comprises a Gag subunit.

19, The chimeric aGPCR of any of embodiments 1-17 wherein, once activated:

a) prevents degranulation of the platelet or engineered platelet;

b} prevents the release of contents from the platelet or engineered platelet;

c) prevents the presence of intraplatelet contents on the plasma membrane of the
platelet or engineered platelet;

d} prevents the release of extracellular vesicles via blebbing from the plasma
membrane; and/or

&) prevenis a change of shape of the platelet or engineered platelet from a biconcave
disk to fully spread cell fragments;

optionaily wherein the intracellular tail and/or one, two or three ICLs comprises a Gas
subunit.

20. The chimeric aGPCR according to any of embodiments 1-1¢ wherein the
chimeric aGPCR comprises a linker between the GAIN domain and the target binding
domain, optionally comprises a peptide linker between the GAIN domain and the target
binding domain, optionally wherein the linker comprises

SPPHTAAHNA [SEQ ID NO: 101

21, A system comprising:
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a chimeric aGPCR as described in any of embodiments 1-20; and
an intermediate adaptor protein or peptide that comprises an ultimate target binding
domain and optionally a peptide tag

wherein the target binding domain of the chimeric aGPCR is able to bind o the
intermediate adaptor protein or peptide, optionally bind to the tag when present on
the adaptor polypeptide or peptide, and the ultimate target binding domain of the
adaptor polypeptide or protein is able to bind to the ultimate target

optionally:

where the chimeric aGPCR is present in a platelet plasma membrane or in an
engineered platelet plasma membrane, binding of the intermediate adaptor protein or
peptide to the targei binding domain of the chimeric aGPCR in the absence of
simultaneous binding of the ultimate target binding domain of the intermediate adaptor
polypeptide or protein to the ultimate target is not sufficient to activate degranulation
of the platelet or engineered platelet; and/or

where the chimeric aGPCR is present in a platelet plasma membrane or in an
engineered platelet plasma membrane, binding of the intermediate adaptor protein or
peptide to the targetl binding domain of the chimeric aGPCR with simultaneous binding
of the ultimate target binding domain of the intermediate adaptor polypeptide or
protein to the ullimate target activates degranulation of the platelet or engineered
platelst.

22. A polynucleotide encoding any one or more of the chimeric aGPCRs of any of
the preceding embodiments.

23. A vector comprising the polynucieotide of embodiment 22 operably linked to a
promoter and/or enhancer, optionally where the vector is a plasmid.

24, A viral vector comprising the polynucleotide of embodiment 22, optionally where

the viral vector is an AAV or lentivirus,

25. A cell or platelet or engineered platelet comprising any ong or more of the chimeric
aGPCRs of any of the preceding embodimeants, opticnally wherein the celfisa Tcell, B
cell, NK cell, red blood cell, macrophage, megakaryocyte, pluripotent cell or stem cell,
optionaily an induced pluripotent stem cell (iPSC).

fary
pary
fary
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26. A chassis comprising:

a) one or more chimeric aGPCRs of any of the preceding embodiments;
b) one or more polynucleotides of any of the preceding embodiments;
¢) a system of any of the preceding embodiments.

27. The chassis of embodiment 26 wherein the chassis is a cell, platelet or
engineerad platelet, optionaily wherein the cell is a T cell, NK cell, macrophage, B cali,
red blood cell, megakaryocyte, pluripotent stem cell or stem celi, optionally an induced
pluripotent stern cell (iPSC cell).

28. The chassis of any embodiments 26 or 27 wherein the chassis has been

engineered:

to disrupt the thrombogenic pathway;
to disrupt a platelet inflammatory signaling pathway;
engineered to 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, atherosclerosis, lymphatic

development and tumour growth.

29, The chassis according to any of embodiments 26-28 wherein the chassis has
been engineered 50 as to have reduced thrombogenicity relative to a chassis that has
not been engineered 50 as to have reduced thrombogenic potential, optionally wherein

the engineered chassis has no thrombogenic potential.

30. The chassis according to any of the preceding embodiments wherein the chassis

COMprises one or more cargo, wherein the chassis has been:

a) loaded with one or more carge; and/or
b) engineered so as to endogenously express one or more cargo,

optionally wherein the cargo is selected from any one or more of:

a) a protein or peptide - optionally that is:
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i} an antibody or antigen binding fragment thereof, for example an antibody or antigen
binding fragment thereof binds to a tumor antigen or a necantigen;

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

iii} a cytokine for example IL-10; or

iv} a CRISPR associated protein, for example Cas9;

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

b} a nucleic acid - optionally that is:

i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly
interspaced short palindromic repeats {CRISPR) sequence; or

i} a DNA vector;

¢) a toxin;

d) a small molecule drug, imaging agent, radionucieotide drug, radionuciectide tagged
antibody, or any conjugate thereof;

&) a viral vector such as AAY,;

f} 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

i} or a nanoparticle or nanoparticles;

and/or

1) a lipid nanoparticie (LNP) comprising an RNA or an mRNA.

or any combination thereof.

31, A complex comprising:

a} a chassis according to any of the preceding embodiments that expresses one
or more chimeric aGPCR of any of the preceding embodiments; and

b) an intermediate adaptor protein or peptide,

wherein the intermediate adaptor protein or peptide comprises an ultimate targst
binding domain and optionally a peptide tag,

and wherein the ultimate target binding domain of the intermediate adaptor
polypeptide or protein is able to simultaneously bind to the ultimate target.

32. A targeted delivery system comprising a chassis of any of the preceding
embodimeants wherein the chassis expresses one or more chimeric aGPCRs as definead
in the preceding embodiments, and wherein the chassis comprises one or more ¢argo.



[5) ]

16

20

25

35

WO 2025/027344 PCT/GB2024/052048

33. A chassis, system or complex according to any of the preceding embodiments
for use in medicine,

optionally for use in

treating or preventing cancer, an autoimmunity disease, genetic disease,
cardiovascular disease and/or an infection; or

for delivering a therapeutic or imaging cargo.

34, A non-therapeutic method of delivering cargo to a subject in need theresof
comprising administering an effective amount of a chassis of any of the preceding
embodiments, wherein the chassis comprises one or more of a chimeric aGPCRs of any
of the preceding embodiments and one or more non-therapeutic cargo.

35. A kit comprising any two or more of the following:

A chassis according to any of the preceding embodiments;
A chimeric aGPCR of any of the preceding embodiments;
A nucleic acid of any of the preceding embodiments;

A vector of any of the preceding embodiments;

A system of any of the preceding embodiments;

A complex of any of the preceding embodiments.

36. A kit comprising a chimeric aGPCR of any of the preceding embodiments and a
corresponding intermediate adaptor protein or peptide of any of the preceding
embodiments, wherein the target binding domain of the chimeric aGPCR can bind to
the intermediate adaptor protein or peptide.
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1. A chimeric adhesion G-Protein Coupled Receptor (aGPCR) comprising:

a) an intracellular tail domain, optionally a C-terminal tail;

b) a seven-transmembrane domain (7TM) that comprises three intraceliular loops
10 (ICLs); and

¢} an extraceliular domain comprising:

(i) a target binding domain that is heterologous to the intraceliular tail domain;

(it} a GPCR autoproteclysis-inducing domain (GAIN domain) that optionally comprises

a tethered agonist peptide;
15 and

(iii) a linker between the GAIN domain and the target binding domain.

2. The chimeric aGPCR of claim 1 wherein the GAIN domain comprises a GPCR-
proteolytic site (GPS) site optionally positioned N-terminal of the tethered peptide
20 agonist.

3. The chimeric aGPCR of claim 2 wherein the GPS site is cleaved by the GAIN
domain.

25 4. The chimeric aGPCR of claim 2 wherein the GPS site is not cleaved, optionally
not cleaved by the GAIN domain.

5. The chimeric aGPCR of claim 4 wherein the extraceliular domain further
comprises a protease site,

3¢ optionally comprises
a protease site that is a cysteine protease site, a metalloprotease site, an aspartate
protease site, a serine protease site or a threonine protease site; and/or
a protease site that is a protease that is associated with the tumour microenvironmaent,

35 optionally wherein
i} the chimeric aGPCR becomes activated upon cleavage of the protease site in the
absence of binding of the target binding domain to the targetl; or
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ii} the chimeric aGPCR becomes activated only upon cleavage of the protease site and
binding of the target binding domain to the target.

6. The chimeric aGPCR of any of claims 1-5 wherein the:

intraceliular tail domain, optionally the C-terminal tail is autologous to the 7TM
domain;

intraceliular tail domain, optionally the C-terminal tail is autologous to the GAIN
domain; and/or

intracellular tail domain, optionally the C-terminal tail is autologous to the GPS motif.

7. The chimeric aGPCR of any of claims 1-6 wherein the chimeric aGPCR activates

intracellular signalling when:

a) the chimeric aGPCR is localised to the plasma membrane of a chassis,
optionaily a cell, a platelet or an engineered platelet; and when

b) the chassis, optionally the cell, platelet or engineered platelet, is incubated
and/or agitated in the presence of the target

optionally where the chassis, optionally the cell, platelel or engineered platelset
comprises a reporter system

optionaily where the reporter system comprises a reporter protein that is expressed
when intracellular signalling is activated, optionally wherein the reporter protein is
expressed from a promoter that comprises a nuclear factor of activated T cells (NFAT)

response element, optionally wherein the reporter protein is a luciferase enzyme.,

8. The chimeric aGPCR of any of claims 1-7 wherein the intraceliular domain
comprises one or more substitutions, insertions or deletions as compared to the
autologous intracellular domain or to a wild-type intracellular domain, optionally
wherein

the one or more substitutions, insertions or deletions increases the intracaliular
signalling response as compared to the autologous intracellular domain or to a wild-
type intraceliular domain that does not comprise the same one or more substitutions,
insertions or deletions; or

the one or more substitutions, insertions or deletions decreases the intracellular

signalling response as compared to the autologous intraceliular domain or to a wild-

o)}
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type intracellular domain that does not comprise the same one or more substitutions,
insertions or deletions;
and/or

the one or more substitutions, insertions or deletions alters the specificity of
the intracellular signalling response as compared to the autologous intraceliular domain
or to a wild-type intraceliular domain that does not comprise the same one or more
substitutions, insertions or deletions resulting in altered signalling pathway activation.

9. The chimeric aGPCR of any of claims 1-8 further comprising a signal peptide,
optionally a signal peptide that has been selected to achieve a desired laveal of chimeric
aGPCR at the cell, platelet, or engineered platelet surface.

10, The chimeric aGPCR of any of claims 1-9 whergin the:

)

a) intracellular tail;

b) seven-transmembrane domain (7TM); and

¢} GPCR autoproteolysis-inducing domain {GAIN domain) that optionally comprises a
tethered agonist peptide and that optionally cdeaves a GPFS motif; and

d) GPS motif that is optionally cleaved by the GAIN domain

are autologous to one ancther;

or

i} GAIN domain is heterologous to:
the 7TM domain;

the intracellular tail; and/or

the target binding domain;

or

i

a) intraceltuiar tail ;

b} seven-transmembrane domain (7TM}; and

¢} GPCR autoproteclysis-inducing domain {(GAIN domain); and
d) GPS motif
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are from the same naturally occurring aGPCR;

or
iv)

a) intracellular tail;

b) seven-transmembrane domain (7TM); and

¢} GPCR autoproteclysis-inducing domain (GAIN domain); and/or
d) GPS motif

are from the same naturally occurring aGPCR, and wherein any one or more of the:

a) intraceliuiar tail;

b) seven-transmembrane domain (7TM); and

¢} GPCR autoproieolysis-inducing domain (GAIN domain); and/or
d) GPS motif

comprises an amino acid sequence that has at least 75%, 80%, 85%, 90%, 92%,
Q4%, 96%, 98% or 100% sequence identity to the corresponding domain of the

naturally occurring aGPCR.

11, The chimeric aGPCR of any of claims 1-10 wherein the GAIN domain is:

from ADGRGI and has an amino acid sequence of [SEQ ID NO: 35];
from ADGRLI and has an amino acid sequence of [SEQ ID NO: 277;
from ADGRL3 and has an amino acid sequence of [SEQ ID NO: 28];
from ADGREZ and has an amine acid sequence of [SEQ ID NO: 29];
from ADGRGZ and has an amino acid sequence of [SEQ ID NO: 30};

or is a GAIN domain with an amino acid sequence that has at least 75%, 80%, 85%,
O0%, 92%, 94%, 96%, 98% or 100% sequence identity to SEQ ID NO: 35, 27, 28, 2¢
or 30, optionally wherein:

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 35 and:
the intraceliular tail is not from ADGRGY;
the target binding domain is not from ADGRGY; and/or
the 7TM domain is not from ADGRGYL;
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the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 27 and:
the intracellular tail is not from ADGRLL;
the target binding domain is not from ADGRLL; and/or
the 7TM domain is not from ADGRLL;

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 28 and:
the intraceliular tail is not from ADGRL3;
the target binding domain is not from ADGRL3; and/or
the 7TM domain is not from ADGRL3;

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 29 and:
the intracellular tail is not from ADGREZ2;
the target binding domain is not from ADGRE2; and/or
the 7TM domain is not from ADGREZ; or

the GAIN domain has at least 75%, 80%, 85%, 90%, 92%, 94%, 96%, 98%
or 100% sequence identity to SEQ ID NO: 30 and:
the intracellular tail is not from ADGRGZ;
the target binding domain is not from ADGRG2; and/or
the 7TM domain is not from ADGRG2,

12. The chimeric aGPCR of any of the claims 1-11 wherein the target binding
domain is able to bind to a target that is noncovalently bound or covalently bound or
is anchored in:

a cell surface;

a platelst or engineered platelet surface;

a physical structure;

the interior of a blood vessel;

an organ;

a solid tumour;

An anchored protein;

A target that has an opposite relative movement to the chimeric aGPCR when the
chimeric aGPCR is present in the plasma mambrang of a celi, platelet or enginserad
platelet; and/or

PCT/GB2024/052048
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Immobilised on a solid substrate.

i3. The chimeric aGPCR of any of claims 1-12 wherein the target is present on a
cell surface or a tissue surface.

14, The chimeric aGPCR according to any of claims 1-13 wherein the target is a
tumor antigen, neocantigen or autoantigen.

15, The chimeric aGPCR according to any of claims 1-14 wherein said target binding

domain comprises:

an antibody or antibody fragment that binds specifically to said target;

a variable heavy chain domain and/or a variable light chain domain;

one, two or three CDRs of a heavy chain and/or oneg, two or three CDRs of a light chain;
an scFv;

a nanocbody;

a Fab;

a kappa light chain or a fragment thereof targeting;

a synthetic binding scaffold such as a monobody, affibody, DARPiIn or knottin;
anti-CD19 scFV domains, such as FMCB3 scFv domains optionally of example SEQ ID
NO: 15;.

anti-CD276 scFV domains, such as Enoblituzumab scFv domains optionally of SEQ ID
NO: 16 or Omburtamab optionally of SEQ ID NO:17; and/or

anti- MAdCAML scFV domains, such as Ontamalimab scFv domains optionally of SEQ
1D NQ: 18;

a target-binding ligand or fragment thereof that binds specifically to said target.

16.  The chimeric aGPCR of any of claims 1-15 wherein when the chimeric aGPCR is
present in the membrane of a platelet or an engineered platelet, binding of the target
binding domain to the target:

a) results in degranulation of the platelet or engineered platslet;

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

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

d} results in the release of extracellular vesicles via blebbing from the plasma

membrane; and/or

120



[5) ]

16

20

25

35

WO 2025/027344 PCT/GB2024/052048

&) results in a change of shape of the platelet or engineered platelst from a biconcave
disk to fully spread cell fragments.

17. The chimeric aGPCR of any of claims 1-16 wherein the intraceliular tail and/or
ong, two or three ICLs:

Comprises a2 domain that binds to a Goq subunit and when the chimeric aGPCR is
activated activates beta~-type phospholipase C (PLCR);
Comprises a domain that binds to a Ges subunit and when the chimeric aGPCR is
activated stimulates the-€ cAMP-dependent pathway by activating adenyivi cyclase and
increasing intracellular cAMP levels; oF
Comprises a domain that binds to a Gue subunit and when the cGPCR is activated
inhibits adenylyl cyclase and decreases intraceliular cAMP;
Comprises a domain that binds to a Go 12/13 subunit and when the chimeric aGPCR is
activated activates the RhoA pathway,; and/or

Comprises a G domain that binds to a g 16 subunit and when the chimeric
aGPCR is activated activates PLC-3 /PI3K/AKL/MAPK/NF-kB pathways.

18, The chimeric aGPCR of any of claims 1-17 wherein, once activated:

a) results in degranulation of the platelet or engineered platelet;

b) results in the release of contents from the platelet or enginsered platelet;

¢) results in the presence of intraplatelet contents on the plasma membrane of the
platelet or engineered platelet;

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

&) results in a change of shape of the platelet or engineered platelet from a biconcave
disk to fully spread cell fragments,

optionally wherein the intraceliular signalling domain comprises a Gag subunit.

19, The chimeric aGPCR of any of claims 1-17 wherein, once activated:

a) prevents degranulation of the platelet or engineerad platelet;

b) prevents the release of contents from the platelet or engineered platelet;

¢} prevents the presence of intraplatelet contents on the plasma membrane of the
platelet or engineered platelet;

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

optionally wherein the intraceliular tail and/or one, two or three ICLs comprises a Gas

subunit.

20. The chimeric aGPCR according to any of claims 1-19 wherein the linker between
the GAIN domain and the target binding domain is a peptide linker between the GAIN
domain and the target binding domain, optionally wherein the linker comprises
SPPHTAAHNA [SEQ ID NO: 107,

21, A system comprising:

a chimeric aGPCR as described in any of claims 1-20; and

an intermediate adaptor protein or peptide that comprises an ultimate target binding
domain and optionally a peptide tag

wherein the target binding domain of the chimeric aGPCR is able to bind to the
intermediate adaptor protein or peptide, optionally bind to the tag when present on
the adapior polypeptide or peptide, and the ultimate targst binding domain of the
adaptor polypeptide or protein is able to bind to the ultimate target

optionally:

where the chimeric aGPCR is present in a platelet plasma membrane or in an
engineered platelet plasma membrane, binding of the intermediate adaptor protein or
peptide to the targeil binding domain of the chimeric aGPCR in the absence of
simultaneous binding of the ultimate target binding domain of the intermediate adaptor
polypeptide or protein to the ultimate target is not sufficient to activate degranulation
of the platelet or enginsered platelet; and/or

where the chimeric aGPCR is present in a platelet plasma membrane or in an
engineerad platelet plasma membrane, binding of the intermediate adaptor profein or
peptide to the target binding domain of the chimeric aGPCR with simultaneous binding
of the ultimate target binding domazin of the intermediate adaptor polypeptide or
protein to the ultimate target activates degranulation of the platelet or engineerad
platelet.
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22, A polynucleotide encoding any one or more of the chimeric aGPCRs of any of
the preceding claims.

23. A vector comprising the polynucleotide of claim 22 operably linked to a promoter
and/or enhancer, optionally where the vector is a plasmid.

24. A viral vector comprising the polynuclectide of claim 22, optionally where the
viral vector is an AAV or lentivirus,

25. A call or platelet or engineered platelet comprising any one or more of the chimeric
aGPCRs of any of the preceding claims, optionally wherein the cell is a T cell, B cali,
NK cell, red blood cell, macrophage, megakaryocyie, pluripotent cell or stem cell,
optionally an induced pluripotent stem cell (iPSC).

26, A chassis comprising:

a) one or more chimeric aGPCRs of any of the preceding claims;
b) one or more polynuclectides of any of the preceding claims;
¢) a system of any of the preceding claims.

27. The chassis of claim 26 wherein the chassis is a cell, platelet or engineered
platelet, optionally wherein the celi is a T cell, NK cell, macrophage, B cell, red blood
cell, megakaryocyte, pluripotent stem cell or stem cell, optionally an induced
pluripotent stem cell (iPSC ceil).

28. The chassis of any claims 26 or 27 wherein the chassis has been engineered:

to disrupt the thrombogenic pathway;

to disrupt a platelet inflammatory signaling pathway;

angineered to make the engineered platelet less immunogenic; and/or
to enhance or disrupt one or more base functions of the chassis,

optionaily wherein the one or more or base functions are involved in the innate and/or
adaptive immune response, inflammation, angicgenesis, atherosclerosis, lymphatic

davelopment and tumour growth,

28, The chassis according to any of claims 26-28 wherein the chassis has been
engineerad so as to have reduced thrombogenicity relative to a chassis that has not
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been engineered so as to have reduced thrombogenic potential, optionally wherein the
angineered chassis has no thrombogenic potential.

30. The chassis according to any of the preceding embodiments wherein the chassis

cOMprises one or more cargo, wherein the chassis has been:

a) loaded with one or more cargo; and/or
b} engineerad so as to endogenously express one or more cargo,

optionally wherein the cargo is selected from any one or more of:

a) a protein or peptide - optionally that 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;

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 example a bispecific antibody or optionally a T-cell engager
(BITE)

b) a nucleic acid - optionally that is:

i} an RNA, for example selected from mRNA, a miRNA, shRNA, and a clustered regularly
interspaced short palindromic repeats {(CRISPR) sequence; or

i) a DNA vector;

C) a toxin;

d} a small melecule drug, imaging agent, radionucieotide drug, radionuciectide tagged
antibody, or any conjugate thereof;

&) a viral vector such as AAY,;

f} 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

i} or a nanoparticle or nanoparticles;

and/or

1) & lipid nanoparticle (LNP) comprising an RNA or an mRNA.

or any combination thereof.

31. A complex comprising:
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a) a chassis according to any of the preceding claims that expresses one or
more chimeric aGPCR of any of the preceding claims; and
b) an intermediate adaptor protein or peptide,

wherein the intermediate adaplor protein or peptide comprises an ultimate target
binding domain and optionally a peptide tag,

and wherein the ultimate target binding domain of the intermediate adaptor
polypeptide or protein is able to simultaneously bind to the ultimate targst.

32. A targeted delivery system comprising a chassis of any of the preceding claims
wherein the chassis expresses one or more chimeric aGPCRs as defined in the

praeceding claims, and wherein the chassis comprises one or more cargo.

33, A chassis, system or complex according {0 any of the preceding claims for use
in medicine,

optionally for use in

treating or preventing cancer, an autoimmunity disease, genetlic disease,
cardiovascular disease and/or an infection; or

for delivering a therapeutic or imaging cargo.

34, A non-therapeutic method of delivering cargo to a subject in need thersof
comprising administering an effective amount of a chassis of any of the preceding
claims, whearein the chassis comprises one or more of a chimeric aGPCRs of any of the

preceding claims and one or more non-therapeutic cargo.

35, A kit comprising any two or more of the following:

A chassis according to any of the preceding claims;
A chimeric aGPCR of any of the preceding claims;
A nucleic acid of any of the preceding claims;

A vector of any of the preceding claims;

A system of any of the preceding claims;

A complex of any of the preceding claims.

36. A kit comprising a chimeric aGPCR of any of the preceding claims and a
corresponding intermediate adaptor protein or peptide of any of the preceding claims,
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wherein the target binding domain of the chimeric aGPCR can bind to the intermediate

adaptor protein or peptide.
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