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DESCRIPTION

Field of the invention

[0001] The present invention relates to the construction, assembly and use of a multi-
component system, comprised of at least three components being, an engineered antigen-
presenting cell (eAPC), an engineered genomic receiver site and a matching genetic donor
vector. The present invention is used for rapid, high-throughput generation of stable derivative
cells that present various forms of antigenic molecules for identification and characterisation of
these antigens and cognate TCR sequences.

Introduction to the invention

[0002] Immune surveillance by T lymphocytes (T-cells) is a central function in the adaptive
immunity of all jawed vertebrates. Immune surveillance by T-cells is achieved through a rich
functional diversity across T-cell subtypes, which serve to eliminate pathogen-infected and
neoplastic cells and orchestrate adaptive immune responses to invading pathogens,
commensal microorganisms, commensal non-self factors such as molecular components of
foodstuffs, and even maintain immune tolerance of self. In order to respond to various foreign
and self factors, T-cells must be able to specifically detect molecular constituents of these
foreign and self factors. Thus T-cells must be able to detect a large cross-section of the self
and non-self molecules that an individual encounters, with sufficient specificity to mount
efficient responses against pathogenic organisms and diseased self, while avoiding the
mounting of such responses against health self. The highly complex nature of this task
becomes clear when considering the practically unlimited diversity of both foreign and self
molecules, and that pathogenic organisms are under evolutionary pressure to evade detection
by T-cells.

The T-cell Receptor (TCR)

[0003] T-cells are primarily defined by the expression of a T-cell receptor (TCR). The TCR is
the component of the T-cell that is responsible for interacting with and sensing the targets of T-
cell adaptive immunity. In general terms, the TCR is comprised of a heterodimeric protein
complex presented on the cell surface. Each of the two TCR chains are composed of two
extracellular domains, being the variable (V)-region and the constant (C)-region, both of the
immunoglobulin superfamily (IgSF) domain, forming antiparallel B-sheets. These are anchored
in the cell membrane by a type-l transmembrane domain, which adjoins a short cytoplasmic
tail. The quality of the T-cells to adapt and detect diverse molecular constituents arises from
variation in the TCR chains that is generated during T-cell genesis. This variation is generated
by somatic recombination in a similar manner to antibody genesis in B-cells.
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TCR chain diversity

[0004] The T cell pool consists of several functionally and phenotypically heterogeneous
subpopulations. However, T cells may be broadly classified as apf or yd according to the
somatically rearranged TCR form they express at their surface. There exist two TCR chain pair
forms; TCR alpha (TRA) and TCR beta (TRB) pairs; and TRC gamma (TRG) and TCR delta
(TRD) pairs. T-cells expressing TRA:TRB pairs are referred to as af T-cells, while T-cells
expressing TRG:TRD pairs are often referred to as yd T-cells.

[0005] TCRs of both af and yd forms are responsible for recognition of diverse ligands, or
'antigens’, and each T-cell generates af or yd receptor chains de novo during T-cell
maturation. These de novo TCR chain pairs achieve diversity of recognition through generation
of receptor sequence diversity in a process called somatic V(D)J recombination after which
each T-cell expresses copies of a single distinctly rearranged TCR. At the TRA and TRG loci, a
number of discrete variable (V) and functional (J) gene segments are available for
recombination and juxtaposed to a constant (C) gene segments, thus referred to as VJ
recombination. Recombination at the TRB and TRD loci additionally includes a diversity (D)
gene segment, and is referred to as VDJ recombination.

[0006] Each recombined TCR possess potential for unique ligand specificity, determined by the
structure of the ligand-binding site formed by the a and B chains in the case of ap T-cells or y
and © chains in the case of yd T-cells. The structural diversity of TCRs is largely confined to
three short hairpin loops on each chain, called complementarity-determining regions (CDR).
Three CDRs are contributed from each chain of the receptor chain pair, and collectively these
six CDR loops sit at the membrane-distal end of the TCR extracellular domain to form the
antigen-binding site.

[0007] Sequence diversity in each TCR chain is achieved in two modes. First, the random
selection of gene segments for recombination provides basal sequence diversity. For example,
TRB recombination occurs between 47 unique V, 2 unique D and 13 unique J germline gene
segments. In general, the V gene segment contributes both the CDR1 and CDR2 loops, and
are thus germline encoded. The second mode to generate sequence diversity occurs within
the hypervariable CDR3 loops, which are generated by random deletion of template
nucleotides and addition of non-template nucleotides, at the junctions between recombining V,
(D) and J gene segments.

TCR:CD3 Complex

[0008] Mature af and y® TCR chain pairs are presented at the cell surface in a complex with a
number of accessory CD3 subunits, denoted ¢, y, d and {. These subunits associate with aff or
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yd TCRs as three dimers (gy, €0, {0). This TCR:CD3 complex forms the unit for initiation of
cellular signalling responses upon engagement of a ap or yd TCR with cognate antigen. The
CD3 accessories associated as a TCR:CD3 complex contribute signalling motifs called
immunoreceptor tyrosine-based activation motifs (ITAMs). CD3¢, CD3y and CD3d each
contribute a single ITAM while the CD3C homodimer contains 3 ITAMs. The three CD3 dimers
(ey, €0, Q) that assemble with the TCR thus contribute 10 ITAMs. Upon TCR ligation with
cognate antigen, phosphorylation of the tandem tyrosine residues creates paired docking sites
for proteins that contain Src homology 2 (SH2) domains, such as the critical (-chain-associated
protein of 70 kDa (ZAP-70). Recruitment of such proteins initiate the formation of TCR:CD3
signalling complexes that are ultimately responsible for T-cell activation and differentiation.

af T-cells

[0009] aB T-cells are generally more abundant in humans than their yd T-cell counterparts. A
majority of af T-cells interact with peptide antigens that are presented by HLA complexes on
the cell surface. These peptide-HLA (pHLA)-recognising T-cells were the first to be described
and are by far the best characterised. More rare forms of ap T-cells have also been described.
Mucosal-associated invariant T (MAIT) cells appear to have a relatively limited a and B chain
diversity, and recognise bacterial metabolites rather than protein fragments. The invariant
natural killer T-cells (iNK T-cells) and germlineencoded mycolyl-reactive T-cells (GEM T-cells)
are restricted to recognition of glycolipids that are cross-presented by non-HLA molecules. iNK
T-cells are largely considered to interact with CD1d-presented glycolipids, whereas GEM T-
cells interact with CD1b-presented glycolipids. Further forms of T-cells are thought to interact
with glycolipids in the context of CD1a and CD1c, however, such cells are yet to be
characterised in significant detail.

Conventional a T-cells

[0010] The key feature of most af T-cells is the recognition of peptide antigens in the context
of HLA molecules. These are often referred to as 'conventional' af T-cells. Within an individual,
self-HLA molecules present peptides from self and foreign proteins to T-cells, providing the
essential basis for adaptive immunity against malignancies and foreign pathogens, adaptive
tolerance towards commensal organisms, foodstuffs and self. The HLA locus that encodes
HLA proteins is the most gene-dense and polymorphic region of the human genome, and there
are in excess of 12,000 alleles described in humans. The high degree of polymorphism in the
HLA locus ensures a diversity of peptide antigen presentation between individuals, which is
important for immunity at the population level.

HLA class | and Il
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[0011] There are two forms of classical HLA complexes: HLA class | (HLAI) and HLA class I
(HLAID. There are three classical HLAI genes: HLA-A, HLA-B, HLA-C. These genes encode a
membrane-spanning a-chain, which associates with an invariant p2-microglobulin (32M) chain.
The HLAI a-chain is composed of three domains with an immunoglobulin fold: a1, a2 and a3.
The a3 domain is membrane-proximal and largely invariant, while the a1 and a2 domains
together form the polymorphic membrane-distal antigen-binding cleft. There are six classical
HLAIl genes: HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQ81, HLA-DRA, and HLA-DRS81.
These genes encode paired DP, DQ and DR heterodimeric HLA complexes comprising a a-
chain and a B-chain. Each chain has two major structural domains with an immunoglobulin fold,
where the a2 and B2 domain comprise membrane-proximal and largely invariant modules
similar to that of HLAI a3 domain. The HLAIl a2 and B2 domains together form the membrane-
distal antigen-binding cleft and are regions of high polymorphism.

[0012] The antigen-binding cleft of HLAI and HLAIl comprises two anti-parallel a-helices on a
platform of eight anti-parallel B-sheets. In this cleft the peptide antigen is bound and presented
in an extended conformation. The peptide-contacting residues in HLAI and HLAIl are the
location of most of the sequence polymorphism, which constitutes the molecular basis of the
diverse peptide repertoires presented by different HLA alleles. The peptide makes extensive
contacts with the antigen-binding cleft and as a result each HLA allele imposes distinct
sequence constraints and preferences on the presented peptides. A given peptide will thus
only bind a limited number of HLAs, and reciprocally each allele only accommodates a
particular fraction of the peptide collection from a given protein. The set of HLAI and HLAII
alleles that is present in each individual is called the HLA haplotype. The polymorphism of HLAI
and HLAIl genes and the co-dominant expression of inherited alleles drives very large diversity
of HLA haplotype across the human population, which when coupled to the enormous
sequence diversity of af TCRs, presents high obstacles to standardisation of analysis of these
HLA-antigen-TCR interactions.

aff TCR engagement of HLAI and HLAII

[0013] ap TCRs recognize peptides as part of a mixed pHLA binding interface formed by
residues of both the HLA and the peptide antigen (altered self). HLAI complexes are presented
on the surface of nearly all nucleated cells and are generally considered to present peptides
derived from endogenous proteins. T-cells can thus interrogate the endogenous cellular
proteome of an HLAI-presenting cell by sampling pHLAI complexes of an interacting cell.
Engagement of HLAI requires the expression of the TCR co-receptor CD8 by the interacting T-

cell, thus HLAI sampling is restricted to CD8* ap T-cells. In contrast, the surface presentation
of HLAIl complexes is largely restricted to professional APC, and are generally considered to
present peptides derived from proteins exogenous to the presenting cell. An interacting T-cell
can therefore interrogate the proteome of the extracellular microenvironment in which the
presenting cell resides. The engagement of HLAIl requires the expression of the TCR co-

receptor CD4 by the interacting T-cell, thus HLAIl sampling is restricted to CD4* o T-cells.
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Thymic selection of a TCRs

[0014] The role of ap TCRs as described above is the detection of pHLA complexes, such that
the TCR-presenting T-cell can raise responses germane to the role of that T-cell in establishing
immunity. It should be considered that the ap TCR repertoire generated within an individual
must account for the immense and unforeseen diversity of all foreign antigens likely to be
encountered in the context of a specific haplotype and prior to their actual occurrence. This
outcome is achieved on a background where extremely diverse and numerous ap TCRs are
generated in a quasi-randomised manner with the potential to recognise unspecified pHLA
complexes while only being specifically instructed to avoid strong interactions with self pHLA.
This is carefully orchestrated during T-cell maturation in a process call thymic selection.

[0015] During the first step of T-cell maturation in the thymus, T-cells bearing af TCRs that are
incapable of interacting with self-pHLA complexes with sufficient affinity, are deprived of a
survival signal and eliminated. This step called positive selection assures that the surviving T-
cells carry a TCR repertoire that is at least potentially capable of recognizing foreign or altered
peptides presented in the right HLA context. Subsequently, af TCR that strongly interact with
self-pHLA and thus have the potential to drive autoimmunity are actively removed through a
process of negative selection. This combination of positive and negative selection results in
only T-cells bearing ap TCRs with low affinity for self-pHLA populating the periphery. This
establishes an aB T-cell repertoire that is self-restricted but not self-reactive. This highly
individualised nature of T-cell genesis against HLA haplotype underscores the challenges in
standardised analysis ap TCR-antigen-HLA interactions. Moreover, it forms the basis of both
graft rejection and graft versus host disease and the general principle that af TCRs identified
in one individual may have completely different effect in a second individual, which has clear
implications for TCR-based and T-cell based therapeutic and diagnostic strategies emerging in
clinical practice.

Unconventional af T-cells

[0016] The non-HLA-restricted, or 'unconventional', forms of af T-cells have very different
molecular antigen targets. These unconventional af T-cells do not engage classical HLA
complexes, but rather engage conserved HLA-like proteins such as the CD1 family or MR1.
The CD1 family comprises four forms involved in antigen cross-presentation (CD1a,b,c and d).
These cell surface complexes have an a-chain resembling HLAI, which forms heterodimers
with B2-M. A small hydrophobic pocket presented at the membrane distal surface of the a-
chain forms a binding site for pathogen-derived lipid-based antigens. Innate like NK T-cells
(INK T-cells) form the best-understood example of lipid/CD1 family recognition with GEM T-
cells representing another prominent example. 'Type I' iINK T-cells are known to interact
strongly with the lipid a-GalCer in the context of CD1d. These iNK T-cells display very limited
TCR diversity with a fixed TCR a-chain (Va10/Ja18) and a limited number of B-chains (with
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restricted vB usage) and they have been likened to innate pathogen-associated molecular
patterns (PAMPS) recognition receptors such as Toll-like and Nod-like receptors. In contrast,
'type II' NK T-cells present a more diverse TCR repertoire, and appear to have a more diverse
mode of CD1d-lipid complex engagement. GEM T-cells recognise mycobacteria-derived
glycolipids presented by CD1b, however, the molecular details of antigen presentation by
CD1a, b and c as well as their T-cell recognition are only beginning to be understood.

[0017] MAIT cells largely express an invariant TCR a-chain (TRAV1-2 ligated to TRAJ33,
TRAJ20, or TRAJ12), which is capable of pairing with an array of TCR B-chains. Instead of
peptides or lipids MAIT TCRs can bind pathogen-derived folate- and riboflavin-based
metabolites presented by the HLAI-like molecule, MR1. The limited but significant diversity in
the TCRs observed on MAIT TCRs appear to enable the recognition of diverse but related
metabolites in the context of the conserved MR1.

[0018] It is not well-understood how non-classical HLA-restricted aff T-cell TCRs are selected
in the thymus during maturation. However, it appears likely that the fundamental process of
negative and positive selection outlined above still applies and some evidence suggests that
this occurs in specialized niches within the thymus.

yo T-cells

[0019] In contrast to the detailed mechanistic understanding of af TCR genesis and pHLA
engagement, relatively little is known about the antigen targets and context of their yd T-cell
counterparts. This is in part due to their relatively low abundance in the circulating T-cell
compartment. However, it is broadly considered that yd T-cells are not strictly HLA restricted
and appear to recognize surface antigen more freely not unlike antibodies. Additionally, more
recently it has become appreciated that yd T-cells can dominate the resident T-cell
compartment of epithelial tissues, the main interaction site of the immune system with foreign
antigen. In addition, various mechanisms for yd T-cell tumour immunuosurveillance and
surveillance of other forms of dysregulated-self are beginning to emerge in the literature. The
specific antigen targets of both innate-like and adaptive yd T-cells remain poorly defined but
the tissue distribution and fast recognition of PAMPs suggests a fundamental role for yd T-cells
both early in responses to foreign antigens as well as early in life when the adaptive immune
system is still maturing.

[0020] The diverse functions of yd T-cells appear to be based on different Vy Vb gene
segment usage and can be broadly understood in two main categories in which yd T-cells with
largely invariant TCRs mediate innate-like recognition of PAMPs very early during infection.
Beyond PAMPs these type of yO T-cells are furthermore believed to recognize self-molecules,
including phosphoantigens that could provide very early signatures of cellular stress, infection
and potentially neoplastic development. Recognition of PAMPs and such so-called danger
associated molecular patterns (DAMPS) as well as the large numbers of tissue-restricted
innate-like y® T-cells strongly suggests that these cells are suited to respond rapidly to
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antigenic challenge without the need for prior activation, homing and clonal expansion.

[0021] A second form of yO T-cells are considered to be more adaptive in nature, with a highly
diverse yO TCR repertoire and the ability to peripherally circulate and access lymphoid tissues
directly. Such antigen-specific yd T-cells to common human pathogens such as CMV have
been described and they appear to form a memory response. However, it has also been
observed that yd T-cells show only relatively limited clonal proliferation after activation and little
data is available on the extent of TCR diversity and specific responses of yd T-cells in
peripheral circulation, or in tissues. Furthermore, while it is generally considered that yd TCRs
do not interact with pHLA complexes, and thus do not engage with peptide antigens in this
context only few antigen targets of yO T-cells have been characterised and the underlying
molecular framework is only poorly understood.

[0022] The low frequency of peripheral yd T-cells and the difficulty to study tissue-resident T-
cells in humans has limited our knowledge of how this important and diverse type of T-cells
participate in adaptive immune responses. This emerging area of research would require more
reliable technologies with which to capture and characterise rare yd T-cells, isolate their TCR
pairs, and to identify their cognate antigens.

Antigens and Antigen-presenting cells

[0023] In the context of T-cells and TCRs, antigens may be defined as any molecule that may
be engaged by a TCR and resulting in a signal being transduced within the T-cell. The most
well characterised T-cell antigens are peptides presented in an HLAI and HLAIl complex, and
which are engaged by conventional a T-cells. However, in recent years it has become
apparent that non-conventional af T-cells and yd T-cells are able to engage a wide range of
biomolecules as antigens, including lipids, lipopeptides, glycopeptides, glycolipds and a range
of metabolites and catabolites. In addition, it has emerged that yd T-cells may be able to
engage fully folded proteins directly in an antibody-like fashion. Therefore, the view of T-cell
antigens being largely restricted to HLA-presented peptides has expanded over the past two
decades to include almost any biomolecule. With this concept in mind, it is relevant to define
what may be considered an antigen-presenting cell (APC).

[0024] As defined in the above sections, HLAI and HLAII have a disparate expression profiles
across cell types. It is widely accepted that nearly all nucleated cells present HLAI complexes
on the cell surface, and are thus competent to present peptide antigens for T-cell sampling. In
contrast, HLAIl has a restricted expression profile, and at least in steady state conditions is
only expressed on the surface of cells that have a specialist role in antigen presentation,
including dendritic cells (DC), macrophage and B-cells. These specialist cell types are often
referred to as professional APC. For the purposes of this document, the term APC is used to
describe any nucleated cell that is capable of presenting an antigen for sampling by o or yd T-
cells. Such antigens are not restricted to those presented as 'cargo’ in specific antigen-
presenting complexes such as HLA and HLA-like molecules, but may also include any cell-
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surface presented moiety that is able to engage a ap or yd TCR-bearing cell.

Therapeutic use of TCRs

[0025] Adoptive transfer of primary T-cells was first trialled in a clinical setting in the early
1990s, starting with ex vivo expanded T-cells polarised towards viral antigens to confer viral
immunity in immunocompromised patients. Similar approaches using primary T-cells expanded
ex vivo against specific cancer antigens were soon after trialled in treatment of malignancies.
One limitation in these early approaches that continues to be a challenge today is a lack of
understanding of the nature and diversity of T-cells clashing with the need to finely-optimize
their composition in the therapeutic product. At present, the use of ex vivo expanded primary
T-cells has largely been abandoned by the pharmaceutical industry with the exception of a
handful of initiatives using primary T-cells with specificity for viral antigens.

[0026] In recent years the ability to reliably introduce genetic material into primary human cells
has seen a variety of experimental genetically modified T-cell therapeutics arise. Such
therapeutic cell products aim to harness the power of T-cell responses and redirect T-cell
specificity towards a disease-associated antigen target, for example, an antigen uniquely
expressed by malignant cells. These have largely relied on the transfer of a chimeric antigen
receptor (CAR) into recipient T-cells, rather than actual TCR chain pairs. A CAR represents a
targeting moiety (most often a single-chain antibody element targeting a surface expressed
protein of malignant cells) grafted to signal receptor elements such as the {-chain of the CD3
complex, to produce a synthetic chimeric receptor that mimics CD3-TCR function. These so-
called CAR T-cell (CAR-T) products have met mixed success in clinical trials to date and
despite their potential are not easy to translate beyond tumours with inherent unique molecular
targets such as B-cell malignancies. Alternatively, the transfer of full-length TCR chain pair
ORFs into T-cells is of emerging interest. Such TCR-engineered T-cell therapeutics are at
present limited by challenging manufacturing processes, and like the CAR-T products, a dearth
of validated antigen targets and targeting constructs. To date this has been focused on the use
of af TCRs for recognition of peptide antigens presented by HLAI on malignant cells and a
fundamental challenge of this approach is the need for antigens that are specific to malignant
cells.

[0027] It has been considered that since the TCR-pHLA interaction is of relatively low-affinity,
native TCRs are likely to be suboptimal for TCR-engineered T-cell therapies. Several
approaches have been devised to affinity-mature TCRs in vitro, in much the same manner as
single-chain antibody affinity maturation. These TCR affinity maturation approaches generally
also utilise a single-chain formats, wherein the V-region of one chain is fused to V-region of
another chain to make a single polypeptide construct. Such single polypeptides may then be
used in phage- or yeast- display systems adapted from antibody engineering workflows, and
passed through rounds of selection based on target binding. Two inherent limitations exist in
such a single-chain TCR approach in terms of yielding functional TCR chain pairs. Firstly, the
selection is based on binding affinity to the target. However, it has been well documented that
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TCR affinity does not always correlate to the strength or competency of TCR signalling output.
Secondly, the selection of single-chain constructs based on affinity does not always translate to
equivalent affinities once they are reconstituted as full-length receptors.

[0028] In a therapeutic context, there exists an additional and crucial limitation in affinity-
matured TCR pairs. That is, considering their sequences have been altered, the resulting
constructs by definition have no longer been subject to thymic selection, wherein TCRs that
react strongly to self-antigens are deleted from the repertoire. Therefore, these modified TCRs
carry an inherent risk of being auto-reactive, which is very difficult to rule out in vitro using
current methods. For the same reason, any selected or engineered TCR for therapeutic
application needs to be individualised. If TCRs are artificially engineered or native TCRs
applied across individuals, cross-reactivities have to be ruled out on the basis of the HLA
haplotype and presented peptide repertoire of each specific individual in order to avoid
potentially catastrophic autoimmunity. This is due to the fact that thymic selection is conducted
on a background of all available HLA molecules specific only to that given individual. The
likelihood of such cross-reactivity is unclear. However, the ability of our TCR repertoire to
recognize pHLA complexes of other individuals of the same species as foreign is a
fundamental property of adaptive immunity and underpins graft rejection and graft versus host
disease. Recent clinical trials using a matured TCR chain pair against the cancer-specific
melanoma associated antigen (MAGE) highlighted the potential problem of bypassing thymic
selection. WWhen autologous T-cells harbouring the matured TCRs were infused back to two
cancer patients, these patients rapidly developed a fatal heart disease. Subsequent studies
determined that the MAGE-specific matured TCRs were cross-reactive with an HLAI-presented
peptide from the heart protein titin. This strongly suggests that cross-reactivity is a distinct
possibility in therapeutic use of TCRs.

[0029] A distinct avenue of utilising TCRs for therapeutic purposes is in their use as affinity
reagents in much the same manner as antibody therapeutic substances. Single-chain TCR
molecules have been ftrialled for delivery of conjugated drug substances to specific HLA-
antigen expressing cell populations. Such an approach is generally considered safer than
CAR-T or TCR engineered T-cell therapeutics, as administration of the drug substance may
simply be withdrawn. However, the potential for cross-reactivity and off target effects that are
difficult to predict remains a potential limitation in this setting.

TCR repertoire detection in clinical diagnostics

[0030] In a related aspect, there is an emerging interest in using the detection of the
abundance of specific TCR sequences for clinical diagnostic purposes. With the rise of deep-
sequencing methods in particular, it is possible to capture the full TCR diversity within an
individual globally and for matched ap pairs in specific contexts. This potentially represents a
means to diagnose specific conditions and disease states simply by detecting the abundance
of expanded T-cell clones, as proxy readout for established immune response against a
disease-associated antigen in the patient. However, such global approaches are currently
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limited to very strong immune responses with established clinical time-points and suffer from
the underlying difficulty in identifying the specific antigen target of any particular TCR identified
via sequencing.

Therapeutic and diagnostic use of T-cell antigens

[0031] The fundamental strength of harnessing adaptive immune responses translates into a
central technical challenge in that the exquisite specificity of the TCR-antigen interaction
requires detailed knowledge of the antigens specifically associated with each pathogen, cancer
cell or autoimmune disease. Furthermore, each antigen may be presented by a specific
antigen presenting complex, or allele thereof, such that antigen discovery has be performed for
each relevant HLA gene and allele. For several infectious diseases like HIV, influenza and CMV
that are associated with strong adaptive immune responses and generally display conserved
epitope response hierarchies, the most important epitopes have been mapped in context of
some common HLA. Similarly, the fields of cancer, allergy and autoimmunity have seen
increased and systematic efforts to map the associated T-cell antigens. However, these are
challenging procedures and the efforts to systematically describe T-cell antigens associated
with different clinical contexts are hindered by the absence of efficient, robust, fast and
scalable protocols.

[0032] Specifically, cancer cells represent a challenging and important aspect as most of the
peptides presented on the surface of malignant cells are self antigens or very similar to self
antigens. Therefore, thymic selection will have deleted TCRs that could strongly recognize
these peptides, while at the same time the tumour has evolved to evade immune recognition.
This means that potent immune responses against established tumours are relatively rare and
targets difficult to predict or discover. However, these responses do exist and, importantly, are
generally associated with better outcome. The target of such responses, tumour-associated-
antigens (TAA), will in most cases have distinguishing characteristics from self and be derived
from proteins that are overex-pressed during cancer development, otherwise absent from the
cell type at this stage of development or specifically altered through genetic mutation or post-
translational modifications such as phosphorylation.

[0033] When available, the knowledge of such epitopes makes it possible to interrogate the
associated T-cell response for fundamental discovery, diagnostic purposes and for example as
a test of vaccine efficacy. Importantly, they also provide highly specific targets for T-cell
tolerization in allergy and autoimmunity and, crucially, point towards valuable targets for
specific immunotherapy and against malignant cells. Malignancies represent a particularly
valuable target as the promise of cellular immunotherapies and the progress in the T-cell
manipulations are slowed by a lack of validated target TAAs that go beyond the few cases
where specific markers for the type of cancer happen to be available.

[0034] In the light of the potential of cellular therapy and lack of validated targets the
identification of promising TCR antigens remains one of the most pressing bottlenecks of TCR-
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based immunotherapy, particularly in the effort to treat cancer.

Technological aspects of TCR and T-cell antigen analyses

[0035] Overall, the development of TCR-based therapies is still in its early stages, and success
has been limited. Diagnostic approaches, while of immense potential, have seldom been
deployed into controlled clinical studies that aim to assess patient disease states or response
to therapy. Underdeveloped techniques for the reliable capture of native TCR chain pairs, and
the systematic analysis of TCR-antigen interactions at high-throughput and in a functional
context of cell-cell communication, has been the main hurdle to the development of TCR-
based therapies and diagnostics.

[0036] Deep sequencing approaches have led to an improved understanding of T-cell receptor
diversity in heath and disease. However, these approaches have generally focused on short
stretches spanning the CDRS3 regions, mainly of the TCR B-chain. Most studies have ignored
the contribution of the TCR a-chain, and few have sought to analyse paired ap chains as well
as the antigen specificity of TCRs determined to be of interest. Recent workflows using single
cell encapsulation and genetic barcoding has enabled the pairing of native TCR af or yd chain
pairs and analysis of full-length sequences, however, such workflows remain experimental.

[0037] Isolated TCR chain pairs may be analysed in terms of antigen specificity in either
biophysical or functional modes. Biophysical analysis requires the recombinant production of
both the TCR as well as the analyte antigen in soluble form. In the case of HLA-restricted
TCRs this would thus require the generation of all individual TCRs as well as the cognate pHLA
complexes. This is technically highly challenging, slow and very low-throughput. Furthermore,
such analysis would only provide interaction affinities, which are not well-correlated with
functional characteristics in predictable ways.

[0038] Until recently, the detailed functional analysis of isolated TCR sequences in a cellular
context has been limited to laborious protocols of transfection of analyte TCR chain pairs into
primary T-cells or immortal T-cell lines, and detection of cellular responses by traditional flow
cytometric analysis of cell activation, or detection of secreted factors from the transfected cells
upon antigen challenge. In a recent publication by Guo et al, rapid cloning, expression, and
functional characterization of paired TCR chains from single-cells was reported (Molecular
Therapy - Methods and clinical development (2016) 3:15054). In this study, analyte human af
TCR pairs were expressed in a reporter cell line that lacked af TCR expression, and which
contained a green fluorescent protein (GFP) reporter system linked to the Nur77 promoter that
is activated upon TCR stimulation. This system remains inefficient due to the lack of
standardised TCR integration into the reporter cell line genome, and does not provide a
systematic manner for cell-bound antigen challenge by an APC element.

[0039] Similar to workflows for identification of TCRs against known T-cell antigens, the de
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novo discovery of novel T-cell antigens in health and disease remains highly challenging. Most
approaches remain biophysical in nature, and aim to produce candidate antigens that may be
tested in immunisation protocols, or through identifying cognate TCRs as addressed above.
Little or no standardisation exists in the field of T-cell antigen discovery, and the field is largely
restricted to academic study.

[0040] With the accumulating interest in TCRs and their cognate in both therapeutic and
diagnostic use, and the emergence of means to capture significant numbers of native TCR af8
and yd chain pairs, there remains a lack of reliable high-throughput and standardised
technologies for the systematic analysis of TCR-antigen interactions. Importantly, there is a
lack of standardised systems for functional analysis of TCR chain pairs in the native context of
cell-cell communication wherein both the TCR and antigen are presented by a viable cell.
Moreover, there is a lack of systematic means to present large libraries of candidate antigens
to analyte TCR-bearing cells or reagents.

Therapeutic use of T-cell antigens

[0041] With the rapidly expanding knowledge of T-cell biology, there is an expanding interest in
the use of T-cell antigens within therapeutic formulations. Predominantly this takes the form of
some type immunisation strategy. Most prominently, the use of next-generation sequencing
approaches can identify large number so mutagenised sequences in tumour cells. Such
sequences can represent potential T-cell antigens unique to the cancer cell, and thus may
represent immunogens for personalised therapeutic vaccines against the sequenced tumour.
However, with the large number of genetic mutations observable, there exists no high-
throughput manner to analyse these potential T-cell antigens for their ability to be presented by
the patient HLA repertoire, nor whether these antigens are immunogenic. At present,
predictions of mutant peptide binding are conducted computationally across a very small
number of HLA alleles. These predictive models loosely inform whether a given peptide
sequence will bind to an HLA, and do not generally predict the potential immunogenicity of the
bound antigen. Moreover, such computational models are unreliable for antigens that do not
present canonical 'anchoring' residues relative to the HLA allele against which they are being
analysed. Other immunisation approaches required detailed knowledge of T-cell antigens,
including tolerisation therapies for allergy and autoimmune syndromes, and prophylactic
vaccination against pathogens, for example. In the latter instance of prophylactic vaccines,
there still exists surprisingly scarce knowledge about T-cell antigens from common pathogens
in all but a handful of HLA alleles. There exists a need for systematic approaches to expand
this knowledge to develop effective vaccines for common and emergent pathogens.

[0042] DUPONT J ET AL: "Artificial antigen-presenting cells transduced with telomerase
efficiently expand epitope-specific, human leukocyte antigen-restricted cytotoxic T
cells",CANCER RESEARCH, 2006, 65(12):5417-5427 discloses an artificial APC obtained by
transducing murine NIH 3T3 fibroblasts firstly with HLA-A2, CD80, CD54, CD58, beta2-
microglobulin and subsequently with a tumour antigen. T
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[0043] MARCUS O. BUTLER ET AL: "A panel of human cell-based artificial APC enables the
expansion of long-lived antigen-specific CD4+ T cells restricted by prevalent HLA-DR
alleles",INTERNATIONAL IMMUNOLOGY, 2010, 22(11):863-873 discloses an artificial APC
obtained by transducing HLA class | and Il deficient K562 cells with HLA-DRB1, CD80 and
CD83. These cells were loaded with peptide to stimulate CD4+ T cells.

Detailed description of the invention

[0044] The present invention addresses the above-mentioned needs. In particular, the present
invention relates to the construction, assembly and use of a multi-component system,
comprised of at least three components being, an engineered antigen-presenting cell (eAPC),
an engineered genomic receiver site and a matching genetic donor vector. The present
invention is used for rapid, high-throughput generation of stable derivative cells that present
various forms of antigenic molecules for identification and characterisation of these antigens
and cognate TCR sequences. Specifically, the eAPC is engineered by genome editing to
render the APC null for cell surface presentation of human leukocyte antigen (HLA) molecules,
HLA-like molecules and distinct forms of antigen-presenting molecules and antigenic
molecules. In addition, the eAPC as part of the multicomponent system, contains genomic
receiver sites for insertion of antigen-presenting molecule encoding open reading frames
(ORFs), and optionally insertion of genetically encoded analyte antigens. The system further
comprises of genetic donor vectors designed to target the genomic receiver sites of the APC
as to rapidly deliver analyte antigen molecule- and/or antigen-presenting complex encoding
ORFs. The multi-component system may be used as an analytical system in clinical
immunodiagnostics. Furthermore, the present invention relates to the use the multicomponent
system to identify and characterise T-cell antigens and cognate TCRs for production of
immuno-therapeutics and immunodiagnostics.

[0045] The present invention enables a highly standardised system for assembly of various
analyte eAPC forms in a systemised manner. This standardisation and systemisation is
achieved through highly defined and controllable genome integration of antigen-presenting
complex and antigenic molecule ORF with matched donor vector / genomic receiver site
subsystems. This controllable and predictable system provides significant efficiency to the
process generating eAPC populations, reducing cycle time and costs for such a process.
Previous systems have relied on random integration using unguided genome integration and/
or viral approaches. Moreover, the design of the system is partly to ensure controllable copy-
number of integrated ORF, usually a single copy, which permits tight control over achievable
expression levels of integrated ORF product. More importantly, the ability of single-copy
integration of ORF from a vector pool allows so-called 'shotgun integration’, wherein each cell
integrated with a donor vector may only receive a single ORF from a library of vectors,
potentially encoding a diverse population of ORF. This enables the conversion of ORF libraries
encoded in donor vectors, into eAPC libraries expressing a single desired analyte ORF per
clonal eAPC sub-population; essentially representing a cell-based array system akin to a
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bacteriophage or yeast display system. Such array systems can facilitate the identification of
unknown analyte antigen sequences within a library of sequences, based on their TCR or other
affinity reagent reactivity when presented by an eAPC, and then recovery of the unknown
'reactive’ sequence from the carrier eAPC. Moreover, the shotgun integration permits the
efficient production of each analyte antigen within target cells. WWhen compared to transient
transfection of large pool so of analyte antigen sequences, which would result in minute levels
of transcript available for any given analyte antigen, each cell in a eAPC library generated by
shotgun integration would robustly express a single analyte for surface presentation by and
eAPC, facilitating the identification of said analyte antigen by various means.

[0046] The present invention relates to the provision of an engineered multi-component
system the components of which are used to prepare one or more analyte eAPC. These
analyte eAPC are then combined with one or more analyte TCR (collectively the eAPC.:TCR
system, eAPC:T) to obtain one or more outputs, wherein the analyte TCR may be provided as
soluble or immobilised reagents, presented on surface of cells or presented by non-cell based
particles (NCBP). The eAPC present candidate analyte antigens to the analyte TCR.

[0047] The invention is defined by the claims.

[0048] The minimal form of multicomponent system comprises a first component as an eAPC,
designated component A, containing a second component as a genomic receiver site
component B, and a third component is a genetic donor vector, designated component C
(Figure 1).

[0049] An eAPC represents the base component of the multicomponent system, to which all
other components of the system relate. Therefore, the eAPC contains certain features, that are
native or engineered, that make the eAPC suitable for use to create analyte eAPC populations,
and their use.

[0050] In the present context the eAPC, component A

1.i. Lacks endogenous surface expression of at least one family of antigen-presenting
complex (aAPX) and/or analyte antigenic molecule (aAM) and
2. ii. Contains at least one genomic receiver site, designated component B

wherein i) may be obtained by selection of a naturally occurring cell population lacking said
expression of aAPX and/or aAM, or may be engineered to lack such expression, and ii) which
is synthetic and which may be introduced by means of directed or undirected genome
integration.

[0051] The selection of an eAPC cell candidate that lacks desired aAPX and/or aAM
expression from naturally occurring cell populations can be achieved by methods well known in
the art. This may be directly achieved by staining of target cells with affinity reagents
specifically for the aAPX and/or aAM that are desired to be lacking from the eAPC, and
selection of cells lacking target aAPX and/or aAM expression.
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[0052] Engineering of cells to lack aAPX and/or aAM expression may be achieved by
untargeted and targeted means. Untargeted mutagenesis of the cell can be achieved by
providing a chemical, radiological or other mutagen to the cell, and then selecting cells lacking
target aAPX and/or aAM expression. Targeted mutation of the genomic loci can be achieved
via different means, including but not limited to site directed mutagenesis via

1.i. zinc-finger nucleases
2. ii. CRISPR/Cas9 mediated targeting
3. iii. Synthetic transcription activator-like effector nucleases (TALEN)

wherein said site-directed nucleases induce site-specific DNA-repair error mutagenesis at
target loci, after which mutated cells are obtained by selecting cells lacking target aAPX and/or
aAM expression.

[0053] The component A, eAPC, may optionally include additional T-cell co-stimulation
receptors, wherein such features permit robust or varying forms of communication of the
analyte eAPC to the analyte TCR-presenting cells (analyte TC), wherein the tuneable
communication is relevant to identification or characterisation of specific analyte TCR and/or
analyte antigens. In the present context, different forms of CD28 ligation on the analyte TC can
be promoted by inclusion of one or more of CD80, CD86 and/or further B7 family proteins.

[0054] The component A, eAPC, may optionally additionally include introduced cell surface
adhesion molecule components, or ablation of endogenous cell surface adhesion molecules, to
promote the eAPC engagement with analyte TC and formation of the immunological synapse,
or to avoid tight binding and formation of deleterious cell clustering within the combined
eAPC:T system, respectively. Such adhesion molecules that may be introduced as additional
ORFs to component A, or genetically ablated from A, can be selected from the integrin family
of adhesion proteins.

[0055] An eAPC may optionally possesses the ability to process and load antigen as cargo into
aAPX, designated aAPX:aAM, by native processing and loading machinery. An eAPC that
possesses the ability to process and load antigen as cargo into aAPX by native processing and
loading machinery, will also process and load cargo molecules (CM) that are intrinsic to the
eAPC or the culture system in which it is contained, wherein aAPX that is loaded with a CM is
designated as an aAPX:CM complex (Figure 17).

[0056] The second component of the minimal multicomponent system is a genetic donor
vector, component C, which is used for integration of at least one ORF encoding at least one
aAPX and/or aAM (Figure 1).

[0057] Component C is a genetic donor vector that is coupled with the genomic receiver site of
Component B contained within the genome of the eAPC, Component A. Component C is
designed for the integration of one or more ORFs encoding an aAPX and/or an aAM, encoded
in the genetic donor vector, into the genomic receiver site, B, wherein integration results in the
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expression of aAPX and/or an aAM by the target eAPC.

[0058] In the present context, a paired genetic donor vector and genomic receiver site is
described as an integration couple.

[0059] In an expanded form of the multicomponent system, component A eAPC may further
contain a second genomic receiver site, designated component D, which is coupled to a
second genomic donor vector, designated component E, that is also added to the system
(Figure 2). A multicomponent system may further comprise one or more additional integration
couples.

[0060] A multicomponent system, comprising an eAPC and either one or two integration
couples, is used for preparation of the derivative eAPC forms

1.i. eAPC-p
2.ii. eAPC-a
3. iii. eAPC-pa

wherein each genetic donor vector may contain one or more ORFs encoding one or more
aAPX and/or an aAM, to integrate said ORFs into the coupled genomic receiver sites, such that
i) expresses at least one aAPX, ii) expresses at least one aAM and iii) expresses at least one
aAPX and at least one aAM (Figure 3).

[0061] The genetic donor vector and genomic receiver sites operate as an integration couple
subsystem of the multicomponent system. A genetic donor vector must first be combined with
target ORFs, such that base donor vector now encodes those target ORFs. The assembled
primed donor vector is then introduced to the target eAPC to exchange target ORF(s) to the
genomic receiver site, thus integrating the target ORFs to the coupled receiver site of the
target cell (Figure 4).

[0062] A multicomponent system that comprises genetic donor vectors component C and/or E
may be combined with at least one ORF encoding at least one aAPX and/or aAM to obtain
component C' and/or E', wherein the combination is defined as the ligation of genetic material
into the correct coding frame(s), and in the correct orientation(s), of the genetic donor vector.

[0063] The combination of one or more ORFs into genetic donor vectors C and/or E may be
performed multiple times with a library of unique ORFs as

1.1i. single discrete reactions to obtain a discrete library of C' and/or E' vectors encoding
multiple ORFs

2.ii. a single reaction to obtain a pooled library of C' and/or E' vectors encoding multiple
ORFs

wherein the discrete library may be combined with component A multiple times as to obtain a
discrete library of eAPC with unique ORFs encoding unique aAPX and/or aAM, or a pooled
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library may be combined with component A as a single event as to obtain a pooled library of
eAPCs each with unique ORFs encoding unique aAPX and/or aAM.

[0064] The efficient integration of a predictable copy number of one or more ORFs into the
genomic receiver site is highly advantageous for operation of a standardised eAPC, where
analyte eAPC populations may be rapidly prepared and characterised. Thus, the genomic
receiver site(s) and coupled donor vector(s) are critical to the function of the eAPC.
Furthermore, it is strongly desirable to have an eAPC wherein component B and D, are
insulated from one another, such that the donor vector component C cannot integrate at
component B, and vice versa. In addition, it is also desirable that the component B and/or
component D are amenable to a method of preparation of an eAPC wherein the introduction of
a single defined aAPX- and/or aAM-containing construct is rapid, repeatable, with a high
likelihood of correct integration and delivery of only a single analyte.

[0065] The genomic receiver site may be selected from the following

1. i. A synthetic construct designed for recombinase mediated cassette exchange (RMCE)
2. ii. A synthetic construct designed for site directed homologous recombination
3. ii. A native genomic site for site directed homologous recombination

wherein i) is preferred. The RMCE method may employ selected heterospecific sites that are
specific for individual recombinase enzymes, such that each component B and D possess
insulated specificity.

[0066] The genomic receiver site, component B and/or component D, comprises at least one
of the following genetic elements

1. i. Heterospecific recombinase sites
2. ii. Homologous arms
3. iii. Eukaryotic promoter
4. iv. Eukaryotic conditional regulatory element
5. v. Eukaryotic terminator
6. vi. Selection marker
7. vii. Splice acceptor site
8. viii. Splice donor site
9. ix. Non-protein coding gene
10. x. Insulator
11. xi. Mobile genetic element
12. xii. Meganuclease recognition site
13. xiii. Internal ribosome entry site (IRES)
14. xiv. viral self-cleaving peptide element
15. xv. A kozak consensus sequence.
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[0067] The preferred genomic receiver site would comprise two different arrangements using
the following selected elements from the previously stated list of element. The first
arrangement is for receiving a single ORF encoding one or more aAPX and/or aAM and/or a
selection mark of integration, via RMCE integration wherein the arrangement is

5" -[A] [B] [C] [D] [E] [F]- &'

wherein

. A) is element iii) a constitutive or inducible Eukaryotic promoter

. B) is element i) heterospecific recombinase site 1

. C) is element xv) a Kozak consensus sequence

. D) is element vi) a FACS and/or MACS compatible encoded protein marker
. E) is element i) heterospecific recombinase site 2

. F) is element v) Eukaryotic terminator.

D O A WDN -

[0068] The second arrangement is for receiving two ORF encoding one or more aAPX and/or
aAM and/or a selection marker of integration, via RMCE integration wherein the arrangement
is

5" -[A] [B] [C] [D] [E] [F] [G] [H] [I])- 3'

wherein

. A) is element iii) a constitutive or inducible Eukaryotic promoter

. B) is element i) heterospecific recombinase site 1

. C) is element xv) a Kozak consensus sequence

. D) is element vi) a FACS and/or MACS compatible encoded protein marker 1
. E) is element v) a Eukaryotic bidirectional transcriptional terminator

. F) is element vi) a FACS and/or MACS compatible encoded protein marker 2
. G) is element xv) a Kozak consensus sequence

. H) is element i) heterospecific recombinase site 2

. 1) is element iii) a constitutive or inducible Eukaryotic promoter;

O 00 N O O WODN =

furthermore, in this second arrangement the elements F, G, and | are encoded in the antisense
direction.

[0069] Component C and/or E comprises at least one of the following genetic elements

1. i. Heterospecific recombinase sites
2. ii. Homologous arms

3. iii. Eukaryotic promoter
4. iv. Eukaryotic conditional regulatory element
5. v. Eukaryotic terminator
6. vi. Selection marker

7. vii. Splice acceptor site

8. viii. Splice donor site

9. ix. Non-protein coding gene
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10. x. Insulator

11. xi. Mobile genetic element

12. xii. Meganuclease recognition site
13. xiii. Internal ribosome entry site (IRES)
14. xiv. Viral self-cleaving f element

15. xv. A kozak consensus sequence
16. xvi. Selection marker of integration
17. xvii. An antibiotic resistance cassette
18. xviii. A bacterial origin of replication
19. xix. A yeast origin of replication

20. xx. A cloning site

[0070] In a preferred embodiment of the genetic donor vector, component C and/or
component E, would comprise of two different possible arrangements using the following
selected elements from the previously stated list of elements.

[0071] The first arrangement is for delivering a single ORF encoding one or more aAPX and/or
aAM and/or a selection mark of integration, via RMCE integration wherein the arrangement is
' - [A] [B] [C] [D] [E] - &'

wherein

1. A) is element i) heterospecific recombinase site 1

2. B) is element xv) a Kozak consensus sequence

3. C) is element xx) a cloning site of a single ORF encoding one or more aAPX and/or aAM
and/or element xvi) a selection marker of integration

4. D) is element i) heterospecific recombinase site 2

5. E) is element xvii) An antibiotic resistance cassette and element xviii) a bacterial origin of
replication, in no specific orientation

furthermore, the elements viii and/or xiv may be used to link multiple aAPX and/or aAM and/or
element xvi together.

[0072] The second arrangement is for delivering two ORF encoding one or more aAPX and/or
aAM and/or a selection mark of integration, via RMCE integration wherein the arrangement is
' - [A] [B] [C] [D] [E] [F]- 3'

wherein

1. A) is element i) heterospecific recombinase site 1

2. B) is element xv) a Kozak consensus sequence

3. C) is element xx) a cloning site for introduction of two or more ORF, with eukaryotic
terminators, encoding one or more aAPX and/or aAM and/or element xvi) a selection
marker of integration

4. D) is element xv) a Kozak consensus sequence (antisense direction)
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5. E) is element i) heterospecific recombinase site 2
6. F) is element xvii) An antibiotic resistance cassette and element xviii) a bacterial origin of
replication, in no specific orientation

furthermore, the elements viii and/or xiv may be used to link multiple aAPX and/or aAM and/or
element xvi together within each ORF.

Preparing analyte eAPC using the multicomponent system

[0073] The above described multicomponent system may be used in multiple ways to prepare
distinct forms of analyte e APC, or libraries thereof, that serve to present analyte aAPX, aAM,
aAPX:aAM and aAPX:CM to the analyte TCR within the combined eAPC:T system in operation
(see Figure 27).

[0074] The multicomponent system comprising a single integration couple may be used to
prepare an eAPC-p from component A in one step, by providing component C' combined with
an ORF for an aAPX, such that this aAPX is integrated to site B, to create B'. The resulting cell
line expresses the provided aAPX, and it is presented at the cell surface (Figure 5).

[0075] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-p from component A in one step, by providing component C' combined with an ORF
for an aAPX, such that this aAPX is integrated to site B, to create B'. The resulting cell line
expresses the provided aAPX, and it is presented at the cell surface. The second integration
couple D/E remains unmodified and may be used for downstream integration steps (Figure 6).

[0076] A multicomponent system comprising a single integration couple may be used to
prepare an eAPC-a from component A in one step, by providing component C' combined with
an ORF for an aAM, such that this aAM is integrated to site B, to create B'. The resulting cell
line expresses the provided aAM, and is presented either at the cell surface or retained
intracellularly (Figure 7).

[0077] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-a from component A in one step, by providing component C' combined with an ORF
for an aAM, such that this aAM is integrated to site B, to create B'. The resulting cell line
expresses the provided aAM, and is presented either at the cell surface or retained
intracellularly. The second integration couple D/E remains unmodified and may be used for
downstream integration steps (Figure 8).

[0078] A multicomponent system comprising a single integration couple may be used to
prepare an eAPC-pa from component Ain one step, by providing component C' combined with
two ORFs, one encoding and aAPX and the other an aAM, such that both aAPX and aAM are
integrated to site B, to create B'. The resulting cell line expresses the provided aAPX and aAM,
and may present an aAPX:aAM at the cell surface (Figure 9).
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[0079] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-pa from component A in one step, by providing component C' combined with two
ORFs, one encoding and aAPX and the other an aAM, such that both aAPX and aAM are
integrated to site B, to create B'. The resulting cell line expresses the provided aAPX and aAM,
and may present an aAPX:aAM at the cell surface. The second integration couple D/E remains
unmodified and may be used for downstream integration steps (Figure 10).

[0080] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-pa from component A in one step, by providing component C' and E' each combined
with one ORF encoding either an aAPX or an aAM, such that both aAPX and aAM are
integrated to site B or D, to create B' and D'. The resulting cell line expresses the provided
aAPX and aAM, and may present an aAPX:aAM at the cell surface (Figure 11).

[0081] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-pa from component A in two steps, by first providing component C' combined with an
ORF encoding an aAPX such that this aAPX is integrated to site B, to create B'. The resulting
cell line expresses the provided aAPX, and it is presented at the cell surface (eAPC-p
intermediate). The second integration couple D/E remains unmodified. In the second step E' is
provided wherein the donor vector is combined with an ORF encoding an aAM such that this
aAM is integrated to site E, to create E'. The resulting cell line expresses the provided aAM,
and this may be processed and loaded as cargo in the aAPX to form an aAPX:aAM complex on
the cell surface (Figure 12).

[0082] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-pa from component A in two steps, by first providing component C' combined with an
ORF encoding an aAM such that this aAM is integrated to site B, to create B'. The resulting cell
line expresses the provided aAM (eAPC-a intermediate). The second integration couple D/E
remains unmodified. In the second step E' is provided wherein the donor vector is combined
with an ORF encoding an aAPX such that this aAPX is integrated to site E, to create E'. The
resulting cell line expresses the provided aAPX, which is presented on the cell surface. The
aAM integrated in the first step may be processed and loaded as cargo in the aAPX to form an
aAPX:aAM complex on the cell surface (Figure 13).

[0083] In the abovementioned examples of preparing analyte eAPC-p, eAPC-a and eAPC-pa
populations from eAPC, the multicomponent system is used to provide known aAPX and aAM
candidates in a defined manner to prepare discrete populations of analyte eAPC expressing
defined aAPX and/or aAM. Such a process may be repeated many times to build libraries of
eAPC-p, eAPC-a and eAPC-pa to provide to the combined eAPC:T system in operation of the
system. An alternative approach is to take pooled libraries of candidate aAPX and/or aAM
ORFs combined with genetic donor vectors, and integrate these in a single reaction to obtain
pooled libraries of analyte eAPC-p, eAPC-a or eAPC-pa that express multiple aAPX, aAM
and/or aAPX:aAM. This process of converting a pool of vectors to a pool of eAPC-p, -a, and/or
-pa will be referred to as shotgun integration. This is particularly useful when analysing large
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libraries of candidate aAM against a fixed aAPX, or vice versa.

[0084] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-pa from component A in two steps, by first providing component C' combined with an
ORF encoding an aAPX such that this aAPX is integrated to site B, to create B'. The resulting
cell line expresses the provided aAPX on the cell surface (eAPC-p intermediate). The second
integration couple D/E remains unmodified. In the second step a library of multiple E' is
provided wherein the library of donor vectors comprises a pool of vectors each combined with
a single ORF encoding an aAM such that each aAM is integrated to site E, to create E', within
single cells. The resulting pool of cells contains a collection of cells, wherein each cell has
integrated a single random aAM ORF from the original pool of vectors. The aAM integrated in
the second step may be processed and loaded as cargo in the aAPX integrated in the first step
to form an aAPX:aAM complex on the cell surface (Figure 14).

[0085] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-pa from component A in two steps, by first providing component C' combined with an
ORF encoding an aAM such that this aAM is integrated to site B, to create B'. The resulting cell
line expresses the provided aAM, an eAPC-a intermediate. The second integration couple D/E
remains unmodified. In the second step a library of multiple E' is provided wherein the library of
donor vectors comprises a pool of vectors each combined with a single ORF encoding an
aAPX such that each aAPX is integrated to site E, to create E', within single cells. The resulting
pool of cells contains a collection of cells, wherein each cell has integrated a single random
aAPX ORF from the original pool of vectors. The aAM integrated in the first step may be
processed and loaded as cargo in the aAPX integrated in the second step to form an
aAPX:aAM complex on the cell surface (Figure 15).

[0086] A multicomponent system comprising two integration couples may be used to prepare
an eAPC-pa from component A in one step, by providing component C' and E' each combined
with a library of ORFs encoding either a library of aAPX or a library of aAM, such that both
aAPX and aAM are integrated to site B or D, to create B' and D'. The resulting pool of cells
contains a collection of cells wherein each cell has integrated a single random aAPX ORF and
a single random aAM ORF from the original pool of vectors. Within each cell in the pooled
library, an integrated aAM may be processed and loaded as cargo in the aAPX integrated into
the same cell to form an aAPX:aAM complex on the cell surface. Such a pooled library would
contain all possible combinations of aAPX:aAM from the set of aAPX and aAM provided
(Figure 16).

[0087] In the above-mentioned shotgun integration methods for providing pooled libraries of
eAPC-pa, the robustness of the system relies on a single copy of the genomic receiver site.
This is to ensure just a single analyte may be introduced into each cell via the integration
couple. This single-copy genomic receiver site is an optional aspect of an eAPCS, as multiple
copies of the same genomic receiver site may be beneficial in providing integration steps
where multiple 'alleles’ from a library of provided vectors may be obtained in the prepared
eAPC.
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[0088] In the present context, an aAPX may be selected from one of the following

1.i. One or more members of HLA class |
2. ii. One or more members of HLA class |l
3. iii. One or more non-HLA antigen-presenting complex.

[0089] In the present context, an aAPX may be selected from one of the following

1.i. a polypeptide or complex of polypeptides provided as analyte antigen

2. ii. a peptide derived from a polypeptide provided as analyte antigen

3. iii. a peptide provided as analyte antigen

4. iv. a metabolite provided as analyte antigen

5. v. a polypeptide or complex of polypeptides translated from the analyte antigenic
molecule ORF(s)

6. vi. a peptide derived from a polypeptide translated from the analyte antigenic molecule
ORF(s)

7. vii. a peptide derived from altering the component A proteome

8. viii. a polypeptide derived from altering the component A proteome

9. ix. a metabolite derived from altering the component A metabolome.

Contacting analyte eAPC with analyte TC

[0090] The present invention relates to the provision of an engineered multicomponent
system. The component A and one or more component C' and/or one or more Component E'
are used to prepare one or more analyte eAPC populations. These analyte eAPC are then
combined with one or more analyte TCR to compile an eAPC:TCR analytical system ( eAPC:T)
to obtain one or more outputs (Figure 27), wherein in the eAPC provides the analyte antigen
and wherein the analyte TCR may be represented by:

1.i. a TCR molecule and/or
2. ii. a molecule with affinity for the analyte antigen, and

wherein the analyte TCR may be present to the eAPC in different modes within an eAPC:T
system, represented as:

1.1i. an analyte TCR presenting cell (TC) and/or
2. ii. a soluble or immobilised affinity reagent and/or
3. iii. a non-cell based particle (NCBP),

wherein i) an analyte TCR presenting cell (TC) is considered any TC that is able to present an
analyte TCR to the eAPC; ii) an affinity reagent is considered any reagent that is prepared as
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analyte to probe TCR binding and/or stimulation at the cell surface of the eAPC in an eAPC:T
system. Such reagents will often represent analyte TCR multimer reagent (e.g. TCR
'tetramers’) used to stain eAPC. Affinity reagents in this context could also represent antibodies
or similar entities; iii) a non-cell based particle (NCBP) acts in a similar manner to an affinity
reagent, inasmuch that the particle presents an analyte TCR or other entity that is to be
assessed for analyte antigen engagement at the surface of a eAPC within and eAPC:T system.
However, an NCBP is considered as a larger entity that can further carry genetic or other
information that is to act as an identifier, either directly or by proxy, of the presented analyte
TCR or other binding entity. A typical example of an NCBP would be a bacteriophage in a
phage-display scenario, wherein phage may display antibody fragment antigen binding (FAB).
Positively labelled eAPC may be recovered along with the phage, and sequenced to identify
FABs specific for the analyte antigen at the surface of a eAPC.

[0091] Furthermore, the cellular presentation of the analyte TCR may be in the form of any of
the following

1.1i. a primary T-cell

2. ii. a recombinant T-cell

3. ii. an engineered TCR presenting cell

4.iv. an engineered cell presenting a molecule with affinity for the analyte antigen
collectively referred to as analyte TC.

[0092] An analytical eAPC:T system is comprised of a selection of one or more of analyte
eAPC populations and more analyte TCR (Figure 27). The analyte eAPC populations are
prepared using the multicomponent system as described above (Figures 3 to 16). The
eAPC:T system is provided in a format that permits physical contact between the analyte eAPC
and analyte TCR, wherein such contact is permissive of complex formation between one or
more analyte antigens presented by the analyte eAPC and analyte TCR.

[0093] An analyte antigen represents any entity that an analyte TCR can putatively engage in
the eAPC:T system, and may be represented by;

1. i. aAPX (analyte Antigen-presenting complex) and/or

2. ii. aAM (analyte antigenic molecule) and/or

3.iii. aAPX:aAM (analyte Antigen-presenting complex presenting an analyte antigenic
molecule) and/or

4.iv. CM (a non-analyte cargo molecule) and/or

5. v. aAPX:CM (analyte Antigen-presenting complex presenting a cargo molecule)

wherein an aAPX represents a complex that is able to present an aAM; an aAM is any
molecule that is directly recognised by a TCR or when loaded in an aAPX; an aAPX:aAM is an
aAPX with a loaded aAM; a CM is a cargo molecule that may be loaded in the aAPX, but which
is not an analyte, thus may be derived from an analyte antigen presenting cell (APC) or the
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assay system itself; aAPX:CM is an aAPX with a CM loaded.

[0094] In the present context, an eAPC:T system comprises of:

1.1i. an input of a single analyte eAPC; or

2.ii. an input of a pooled library of analyte eAPC and combined with one of the following:
3. 1ii. an input of a single analyte TC; or

4.iv. an input of a single analyte affinity reagent; or

5. v. an input of a single analyte NCBP; or

6. vi. an input of a pooled library of analyte TC; or

7. vii. an input of a pooled library of analyte affinity reagent; or

8. viii. an input of a pooled library of analyte NCBP

Contacting in buffer system

[0095] A contact between an analyte eAPC and analyte TC is performed in a permissive cell
culture system or buffered media, wherein said system comprises media that is permissive to
the function of both analyte eAPC and analyte TC cells or analyte affinity reagent, or analyte
NCBP.

[0096] A contact between a soluble analyte TCR, immobilised analyte TCR and/or analyte
NCBP and an analyte eAPC may be performed in a permissive buffered system, wherein said
system comprises a buffered medium that is permissive to function of both the analyte TCR
and analyte eAPC cells.

Labelling eAPC with affinity reagents or NCBP

[0097] An analyte eAPC obtained from the multi-component system may be used for
characterisation of an analyte antigen presented by the eAPC. Such characterisation may be
conducted in a manner where the analyte eAPC is contacted with an immobilised or soluble
affinity reagent or NCBP in such a manner as to label the eAPC (Figure 24).

[0098] Labelling of an eAPC may be considered to be detected by direct observation of the
label through such methods as flow cytometry, microscopy, spectrometry or luminometry or
alternatively by means of capture with an immobilised affinity reagent or NCBP for identification
of the analyte antigen.

Signal responses definition
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[0099] An analyte eAPC prepared from the multi-component system is used for
characterisation of a signal response of the analyte eAPC to analyte TCR, wherein such a
signal response may be either binary or graduated, and may be measured as intrinsic to
intrinsic to the eAPC (Figure 21) and/or the analyte TC, if included (Figure 20). Such signals
may be detected through methods such as flow cytometry, microscopy, spectrometry or
luminometry or other methods known to those skilled in the art.

General Method - Selecting an eAPC

[0100] The method for selecting one or more analyte eAPC from an input analyte eAPC or a
library of analyte eAPC, from the combined eAPC:T system, to obtain one or more analyte
eAPC wherein the expressed analyte antigen binds to one or more analyte TCR, comprises

1.i. Combining one or more analyte eAPC with one or more analyte TCR resulting in a
contact between an analyte antigen and the analyte TCR, and at least one of

2. ii. Measuring a formation, if any, of a complex between one or more analyte antigen with
one or more analyte TCR and/or

3. 1ii. Measuring a signal from a labelled analyte TCR and/or

4. iv. Measuring a signal response by the analyte eAPC, if any, induced by the formation of
a complex between one or more analyte antigen with one or analyte TCR and/or

5. v. Measuring a signal response by the analyte TC, if any, induced by the formation of a
complex between one or more analyte antigen with one or analyte TCR and/or and

6. vi. Selecting one or more analyte eAPC based on step ii, iii, iv and/or v wherein the
selection is made by a positive and/or negative measurement

wherein i, iv and vi or i, v and vi comprise the preferred arrangement.

General Method - Selecting an analyte TCR

[0101] The method for selecting one or more analyte TCR from an input analyte TCR or a
library of analyte TCR, to obtain one or more analyte TCR wherein the expressed analyte
antigen binds to one or more analyte TCR comprises

1.i. Combining one or more analyte APC with one or more analyte TCR, resulting in a
contact between an analyte antigen presented by the analyte APC with one or more
analyte TCR and

2. ii. Measuring a formation, if any, of a complex between one or more analyte antigen with
one or more analyte TCR and/or

3. 1ii. Measuring a signal from a labelled analyte TCR and/or

4.iv. Measuring a signal response in the one or more analyte TC, if any, induced by the
formation of a complex between the analyte TCR with the analyte antigen and/or

5. v. Measuring a signal response, if any, by the analyte APC induced by the formation of a
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complex between one or more analyte TCR with one or more analyte antigen and
6. vi. Selecting one or more analyte APC from step ii, iii, iv and/or v wherein the selection is
made by a positive and/or negative measurement

wherein i, iv and v comprise the preferred arrangement.

General method for signal response

[0102] A method for selecting analyte eAPC and/or analyte TC and/or affinity reagents and/or
NCBP from the combined eAPC:T system on the basis of a reported signal response
comprises

1. i. Determining a native signalling response and/or
2.ii. Determining a synthetic signalling response, if the eAPC contains such a response
circuit, and/or if the analyte TC contains an equivalent synthetic reporter circuit.

[0103] An induced native or synthetic signal response that is intrinsic to APC and/or analyte TC
is measured by detecting an increase or decrease in one or more of the following

1. i. a secreted biomolecule

2. ii. a secreted chemical

3. iii. an intracellular biomolecule

4. iv. an intracellular chemical

5. v. a surface expressed biomolecule

6. vi. a cytotoxic action of the analyte TC upon the analyte eAPC

7.vii. a paracrine action of the analyte TC upon the analyte eAPC such that a signal
response is induced in the analyte APC and is determined by detecting an increase or
decrease any ofitov

8. viii. a proliferation of the analyte TC

9. ix. an immunological synapse between the analyte TC and the analyte eAPC

wherein said detected signal responses are compared to the non-induced signal response
state intrinsic to analyte eAPC and/or analyte TC prior to assemble of the combined eAPC:T
system and/or a parallel assembled combined system wherein analyte eAPC and/or analyte
TC may present control analyte antigen and/or analyte TCR species and/or soluble analyte
antigen that are known not to induce a signal response within the combined eAPC:T system in
use.

Method of Selection by Labelling andlor signal response

[0104] A method for selecting analyte eAPC and/or analyte affinity reagents and/or analyte
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NCBP from the combined eAPC:T system on the basis of a measureable labelling of an eAPC
by said affinity reagent or NCBP comprises;

1.i. Determining a labelling of the eAPC by an affinity reagent or NCBP and may also
comprise

2. ii. Determining a native signalling response and/or

3.1ii. Determining a synthetic signalling response, if the eAPC contains such a response
circuit.

wherein selecting an eAPC and/or affinity reagent and/or NCBP by detecting labelling of the
eAPC may comprise detection of the surface labelling of the eAPC by an affinity reagent and/or
NCBP via including a detectable label on the affinity reagent and/or NCBP. Such detectable
labels may be fluorescent, luminescent, spectrometric, chemical, radiochemical or affinity
moieties. Thus, such selection of eAPC may be conducted on the basis of FACS, MACS or
equivalent high-throughput screening and selection methodologies.

Summary

[0105] Within the combined eAPC:T system, measuring a signal response in the one or more
analyte eAPC or one or more analyte TC, or the labelling of an eAPC, which may be mediated
by the formation of a complex between the analyte antigen with the analyte TCR (Figure 27
step iv) is critical to selection of primary system outputs (Figure 27 step v), wherein the
primary system outputs are single cells or pools of cells, and/or or single affinity reagent or
pools of affinity reagents and/or or single NCBP or pools of NCBP. Wherein the selection of
cells or reagents may be made on the presence or absence of a reported signal response in
either and/or both of the contacted analyte eAPC or analyte TC cells, or through the
measurable labelling of eAPC with an affinity reagent or NCBP

Obtaining primary system outputs from the eAPC: T system

[0106] The present invention relates to the provision of an engineered multicomponent
system. The component A and one or more component C' and/or one or more Component E'
are used to prepare one or more analyte eAPC populations. These analyte eAPC are then
combined with one or more analyte TCR via the eAPC:T system to obtain one or more outputs.
The analyte TCR are provided as soluble or immobilised reagents, presented on surface of
cells or presented by non-cell based particles (NCBP). The cellular presentation of the analyte
TCR may be in the form of any of the following

1.1i. a primary T-cell

2. ii. a recombinant T-cell

3. ii. an engineered TCR presenting cell

4.iv. an engineered cell presenting a molecule with affinity for the analyte antigen
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collectively referred to as analyte TC.

[0107] The system is comprised of a selection of one or more of analyte eAPC populations and
more analyte TCR (Figure 27). The analyte eAPC populations are prepared using the
multicomponent system as described above (Figures 3 to 16). The eAPC:T system is
provided in a format that permits physical contact between the analyte eAPC and analyte TCR,
wherein such contact is permissive of complex formation between one or more analyte
antigens presented by the analyte eAPC and analyte TCR wherein the analyte antigen is any
of the following

1.i. aAPX and/or

2. ii. aAM and/or

3. iii. aAPX:aAM and/or
4.iv. CM and/or

5. v. aAPX:CM

and wherein the analyte TCR is provided as, presented by an analyte TC, or presented by
either a soluble or immobilised analyte affinity reagent, or presented as by an analyte NCBP,
for potential engagement with analyte antigens presented by an analyte eAPC, such that
complex formation may lead to stabilisation of such a complex and wherein leads to labelling of
the eAPC and/or the induction of signalling within the analyte e APC and/or the analyte TC, may
be reported and measured.

[0108] The modes of induced signal response reporting, and/or labelling of the eAPC are
described above, and it is these reported responses and/or labelling that are required to be
measured in obtaining the primary output of the multicomponent system compiled as an
eAPC:T system.

[0109] Primary outputs from the eAPC:T system are selected cell populations and/or selected
affinity reagents or selected NCBP, wherein the selection is made on the basis of;

1.i. a measurable labelling of e APC by affinity reagent or NCBP and/or
2. ii. a detected signal response in an eAPC and/or

3. ii. lack of a detected signal response in an eAPC and/or

4. iv. a detected signal response in an analyte TC and/or

5. v. a lack of detected signal response in an analyte TC;

wherein a primary output may be represented as a single cell, or a pool of cells and/or one or
more eAPC-associated affinity regent or NCBP.

[0110] A selection of analyte affinity reagent, NCBP or analyte TC and/or analyte eAPC from
the combined eAPC.T system may be made on the basis of a response in the contacting cell.
That is, an analyte TC may be selected on that basis of a reported response, or lack thereof, in
the contacting analyte eAPC. Conversely, an analyte eAPC may be selected on that basis of a
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reported response, or lack thereof, in the contacting analyte TCR, or in the case wherein the
analyte TC is an analyte affinity reagent or NCBP, the analyte affinity reagent or NCBP can
selected from the eAPC response.

[0111] Primary eAPC and/or analyte TC outputs from the system are selected cells, wherein
selection is made based on the presence or absence of a reported signal response in either
analyte TC or eAPC, and these cells may comprise one or more of eAPC and/or one or more
analyte TC wherein the selected cells may comprise a single cell, a pool of cells of the same
identity, a pool of cells of different identities (Figure 27 step v).

[0112] Primary analyte affinity reagents or NCBP outputs from the system are selected cells
with or without associated affinity reagent or NCBP, wherein selection is made based on the
presence or absence of a labelling or reported signal response by the analyte eAPC, wherein
selected affinity reagent or NCBP may comprise a single affinity reagent or NCBP, a pool of
affinity reagent or NCBP of the same identity, a pool of affinity reagent or NCBP of different
identities (Figure 27 step v).

Outputs from Binary Composition

[0113] The reported signals in the analyte eAPC and/or analyte TC in a combined eAPC:T
system may be used to select analyte cell populations to provide the primary outputs. In the
present context, a primary output of an analyte eAPC may be achieved in a an instance
wherein the combined eAPC:T system is of binary composition of one or more analyte eAPC
with an analyte TCR (e.g. Figure 24) by selecting the desired analyte eAPC population that is
labelled with the analyte TCR from the binary system.

[0114] A primary output of an analyte affinity reagent or analyte NCBP may be achieved in a
an instance wherein the combined eAPC:T system is of binary composition of one or more
analyte eAPC with an analyte affinity reagent or analyte NCBP (e.g. Figure 24) by selecting the
desired analyte eAPC population that is labelled with the analyte affinity reagent or analyte
NCBP from the binary system.

[0115] A primary output of eAPC and/or analyte TC types may be achieved from an instance
wherein the combined eAPC:T system is of fixed analyte eAPC and pooled library analyte TC
nature (e.g. Figure 22), or from an instance wherein the combined eAPC:T system is of fixed
analyte TC and pooled library of analyte eAPC (e.g. Figure 23) nature by selecting the desired
analyte APC and/or analyte TC population from the combined culture system.

[0116] A primary output an analyte eAPC may be achieved from an instance wherein the
combined eAPC:T system is of fixed analyte TCR and pooled library analyte e APC nature (e.g.
Figure 24), or from an instance wherein the combined eAPC:T system is of fixed eAPC and
pooled library of soluble analyte affinity reagent or NCBP nature by selecting the desired
analyte eAPC population from the combined culture system.
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[0117] A primary output an analyte affinity reagent or analyte NCBP may be achieved from an
instance wherein the combined eAPC:T system is of fixed soluble analyte affinity reagent or
analyte NCBP and pooled library analyte eAPC nature (e.g. Figure 24), or from an instance
wherein the combined eAPC:T system is of fixed eAPC and pooled library of analyte affinity
reagent or analyte NCBP nature by selecting the desired analyte affinity reagent or analyte
NCBP population from the combined culture system.

Modes of obtaining outputs

[0118] There are several distinct modes in which the primary outputs may be obtained,
wherein each mode entails a step of cell sorting. Sorting may be achieved through
fluorescence-activated cell sorting (FACS) and/or magnetic-activated cell sorting (MACS)
and/or distinct affinity-activated cell sorting methods.

[0119] Primary output eAPC and/or analyte TC cells, and/or eAPC-associated affinity reagents
or NCBP, may be obtained by single cell sorting to obtain a single cell and/or cell sorting to a
pool to obtain a pool of cells

[0120] Primary output eAPC and/or analyte TC cells may be obtained by single cell sorting to
obtain a single cell, and optionally subsequent outgrowth of the single cells to obtain
monoclonal pool of selected eAPC or analyte TC cells.

[0121] Primary output eAPC and/or analyte TC cells may be obtained also by cell sorting to a
pool to obtain a pool of cells, and optionally subsequent outgrowth of the pool of cells to obtain
a pool of selected eAPC and/or TC cells.

Obtaining terminal system outputs from the eAPC: T system

[0122] Subsequent to the above-described methods of obtaining primary outputs, wherein
primary outputs are selected analyte eAPC and/or analyte TC and/or analyte NCBP that are
selected on the basis of a measured signal response, or stable complex formation, such that
the terminal outputs from the eAPC:T system may be obtained via further processing of the
selected eAPC and/or analyte TC and/or NCBP primary outputs (Figure 27, step vi.

[0123] Terminal outputs from the multicomponent system are the identities of

1.i. aAPX and/or

2. ii. aAM and/or

3. iii. aAPX:aAM and/or
4.iv. CM and/or

5. v. aAPX:CM and/or
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6. vi. TCR

presented by the analyte APC or analyte TC or analyte affinity reagent or analyte NCBP, and
obtained as primary outputs from the multicomponent system by their selection from the
combined eAPC:T system.

[0124] Within the eAPC:T system, it is often the case that analyte molecules that are presented
by the analyte eAPC and analyte TC are genetically encoded. It may also be the case that an
analyte NCBP has a genetically encoded identity, in the case of where the NCBP is a
bacteriophage, for example. Therefore, to identify the analyte molecules presented by the
analyte eAPC or analyte TC or analyte NCBP, genetic sequencing of the prepared analyte
eAPC, TC and NCBP may be performed.

[0125] The selected primary outputs may be processed such that genetic sequence is
obtained for the genome or transcriptome of the sorted and/or expanded cells to determine the
identity of

1.i. aAPX and/or

2. ii. aAM and/or

3. iii. aAPX:aAM

4.iv. CM and/or

5. v. aAPX:CM and/or
6. vi. analyte TCR

wherein the obtained identities represent terminal outputs from the eAPC:T system. NCBP that
possess a genetic component may be processed such that genetic sequence is obtained for
the genome or transcriptome of the sorted NCBP to determine the identity of analyte TCR,
wherein the obtained identities represent terminal outputs from the eAPC:T system.

[0126] eAPC may be processed such that genetic sequence is obtained for component B'
and/or component D' of the sorted and/or expanded TC cells to determine the identity of
analyte antigen, wherein the obtained identify of analyte antigen represents a terminal output
from the eAPC:T system.

[0127] Analyte TC may be processed such that genetic sequence is obtained for the genome
or transcriptome of the sorted and/or expanded TC cells to determine the identity of analyte
TCR, wherein the obtained identify of TCR represents a terminal output from the eAPC:T
system.

[0128] Genetic sequencing can be achieved by a range of modes, and from arrange genetic
material sources, with and without specific processing. The sequencing step may be preceded

by

1. i. Extracting of genomic DNA and/or
2. ii. Extracting of components B' and/or D' RNA transcript and/or
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3.iii. Amplifying by a PCR and/or a RT-PCR of the DNA and/or RNA transcript of
component B' and/or D'

[0129] The sequencing step may be destructive to the eAPC or TC, NCBp, or pool thereof,
obtained as primary outputs from the multicomponent system.

[0130] If it is desirable to obtain primary outputs from the eAPC:T system wherein the
sequencing step has been destructive to the primary output eAPC, the sequence information
obtained as terminal output of the multicomponent system may be used to prepare equivalent
output eAPC as analyte eAPC.

[0131] In the above described scenarios of genetically encoded analyte molecules, the
terminal outputs of the eAPC:T system may be obtained by obtaining sequence information
from component B' and/or D', and/or from the cell genome and/or transcriptome. However, in
some embodiments the antigen information will not be genetically encoded. Post-
transnationally modified antigens, antigens provided to the combined eAPC:T system through
non-genetic means, antigens that are emergent from a induced or modified state of the analyte
eAPC proteome or metabolite, CM intrinsic to the eAPC.T system, may not reasonably be
identified through genetic sequencing means.

[0132] In the important case of aAM that may be provided to the eAPC:T system by non-
genetic means, there are two distinct modes through which an APC may present a provided
aAM as an aAPX:aAM complex. In the first scenario the aAM is provided in a form that may
directly bind to the aAPX and forms an aAPX:aAM complex at the cells surface (Figure 18). An
example of such an aAM would be a peptide antigen for an HLA complex. In the second
scenario, the aAM is provided is in a form that may be taken up by the analyte eAPC and
processed such that it is loaded as cargo in the aAPX and forms an aAPX:aAM complex at the
cells surface (Figure 19).

[0133] A method to select and identify an aAM cargo or a CM cargo, wherein the cargo is a
metabolite and/or a peptide, that is loaded in an aAPX of an eAPC selected and obtained by as
a primary output of the multicomponent system, comprises

1. 1. isolating an aAPX:aAM or an aAPX:CM or the cargo aM or the cargo CM and
2. ii. identifying the loaded cargo

wherein the identified loaded cargo (CM or aAM) represent terminal outputs of the
multicomponent system.

[0134] There are generally two modes through which a cargo molecule may be identified from
a selected APC. First, a forced release of the cargo from the aAPX:aAM or aAPX:CM results in
isolation of the aAM or CM that is available for subsequent identification (Figure 25). An
example of this would be acid-washing of the eAPC to liberate peptide aAM from HLA
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complexes. Secondly, the capture of the aAPX:aAM or aAPX:CM, for example, by liberation of
the complex and immunoaffinity isolation methods, results in isolation of the aAPX:aAM or
aAPX:.CM compelxes, such that aAM or CM can be identified (Figure 26).

[0135] Methods for identifying isolated aAM and/or CM directly, or from the isolated aAPX:aAM
or an aAPX:CM complexes, can comprise

1. i. Mass spectrometry analysis
2. ii. Peptide sequencing analysis

wherein the contain aAM and/or CM identities are terminal outputs from the multicomponent
system.

Determining the Affinity of the analyte TCR for analyte antigen using the eAPC:T
system

[0136] Subsequent to the above-described methods of obtaining primary outputs, wherein
primary outputs are selected analyte eAPC cells that are selected on the basis of a measured
signal response, the eAPC primary outputs may be subjected to an affinity analysis to
determine the affinity of the analyte antigen to a cognate analyte TCR wherein the analyte
antigen is any of the following

1.i. aAPX and/or

2. ii. aAM and/or

3. iii. aAPX:aAM and/or
4.iv. CM and/or

5. v. aAPX:CM

and wherein the analyte TCR is either provided as a soluble affinity reagent or presented by an
analyte TC or analyte NCBP, such that the affinity of the analyte antigen is determined
according to the following method

1.i. Labelling the selected analyte e APC with the analyte TCR at range of concentrations

2. ii. Conducting FACS analysis on the stained analyte eAPC of step a

3. ii. Determining the intensity of fluorescent labelling of the analyte eAPC over the range
of concentrations of analyte TCR

4. iv. Calculating the affinity of the analyte antigen to the analyte TCR

[0137] In the present context, the affinity of the analyte antigen may also be determined by the
previously described method but wherein a labelled reference may also be included, such that
the affinity is calculated using the using the ratio of the analyte antigen fluorescence intensity to
the reference fluorescence intensity wherein the labelled reference is selected from
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1.i. The analyte eAPC labelled with an affinity reagent to one of the analyte antigen
2.ii. a cell or particle presenting a labelled reference analyte antigen.

Legends to figures

[0138] The invention is further illustrated in the following non-limiting figures.

Figure 1 - Description of the components of a single integration couple Multi-
component System.

An example of a MCS comprising three components. The first component A is the eAPC line
itself with all required engineered features of that cell. The eAPC A contains one further
component B, which is a genomic integration site for integration of aAPX and/or aAM. One
additional component, C represents a genetic donor vector for site-directed integration of
ORFs into sites B, wherein the arrow indicates coupled specificity. The paired integration site /
donor vector couple may be formatted to integrate a single ORF or a pair of ORFs to introduce
aAPX and/or aAM expression.

Figure 2 - Description of the components of a dual integration couple Multicomponent
System.

An example of a MCS comprising five components. The first component A is the eAPC line
itself with all required engineered features of that cell. The eAPC A contains two further
components, B and D, which are genomic integration sites for integration of aAPX and/or
aAM. Two additional components, C and E, represent genetic donor vectors for site-directed
integration of ORFs into sites B and D, respectively, wherein arrows indicate paired specificity.
Each paired integration site / donor vector couple may be formatted to integrate a single ORF
or a pair of ORFs to introduce aAPX and/or aAM expression.

Figure 3 - Preparation of different analyte antigen presenting eAPC

The MCS begins with the eAPC and uses a donor vector(s) to create cells expressing analyte
antigen-presenting complex (aAPX), and/or analyte antigenic molecule (aAM) at the cell
surface. An eAPC presenting aAPX alone is termed eAPC-p, and may be created by
introduction of aAPX encoding ORF(s) to the eAPC (step i). An eAPC expressing aAM alone
is termed eAPC-a, wherein aAM may be expressed at the cell surface and available for TCR
engagement, or require processing and loading as cargo into an aAPX as the aAPX:aAM
complex. An eAPC A may be created by introduction of aAM encoding ORF(s) to the eAPC
(step ii). An eAPC presenting an aAM as cargo in an aAPX is termed an eAPC-pa. An eAPC-
pa be produced either; introduction of aAM and aAPX encoding ORFs to an eAPC
simultaneously (step iii); introduction of aAM encoding ORF(s) to an eAPC-p (step iv);
introduction aAPX encoding ORF(s) to an eAPC-a (step v).

Figure 4 - Operation of the genetic donor vector and genomic receiver site integration
couple
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A genetic donor vector and genomic receiver site form an integration couple, wherein one or
more ORFs encoded within the genetic donor vector can integrated specifically o its coupled
genomic receiver site. Step 1 in operation of the integration couple is to introduce one or more
target ORFs to the donor vector. The initial donor vector is denoted X, and is modified to a
primed donor vector X', by introduction of target ORF(s). Step 2 entails combination of the
primed donor vector, X', with a cell harbouring a genomic receiver site, Y. Introduction of the
ORF encoded by the primed donor vector into the receiver site results in the creation of a cell
harbouring an integrated site, Y'.

Figure 5 - Example of preparation of an e APC-p in one step with one integration couple
eAPC A contains genomic receiver site B. Primed genetic donor vector C' is coupled to B and
encodes an aAPX. When the A eAPC is combined with the C' donor vector. The resulting cell
has the ORF of C' exchanged to the B genomic receiver site to create site B' and introduce
aAPX expression. This results in expression of the aAPX on the cell surface and creation of an
eAPC-p.

Figure 6 - Example of preparation of an eAPC-p in one step with one integration couple
and one unused integration site

eAPC A contains genomic receiver sites B and D. Primed genetic donor vector C' is coupled to
B and encodes an aAPX. When the A eAPC is combined with the C' donor vector. The
resulting cell has the ORF of C' exchanged to the B genomic receiver site to create site B' and
introduce aAPX expression. This results in expression of the aAPX on the cell surface and
creation of an eAPC-p. Genomic receiver site D remains unused.

Figure 7 - Example of preparation of an eAPC-a in one step with one integration couple
eAPC A contains genomic receiver site B. Primed genetic donor vector C' is coupled to B and
encodes an aAM. When the A eAPC is combined with the C' donor vector. The resulting cell
has the ORF of C' exchanged to the B genomic receiver site to create site B' and introduce
aAM expression. This results in one of two forms of eAPC-a, expressing aAM at the cell
surface or intracellularly.

Figure 8 - Example of preparation of an eAPC-a in one step with one integration couple
and one unused integration site

eAPC A contains genomic receiver sites B and D. Primed genetic donor vector C' is coupled to
B and encodes an aAM. When the A eAPC is combined with the C' donor vector. The resulting
cell has the ORF of C' exchanged to the B genomic receiver site to create site B' and introduce
aAM expression. This results in one of two forms of eAPC-a, expressing aAM at the cell
surface or intracellularly. Genomic receiver site D remains unused.

Figure 9 - Example of preparation of an eAPC-pa in one step with one integration
couple

eAPC A contains genomic receiver site B. Genetic donor vector C' is coupled to B. Donor
vector C' encodes an aAPX as well as an aAM.

The A eAPC is combined with donor vectors C'. The resulting cell has the ORFs C' exchanged
to the B genomic receiver site to create site B' and deliver an ORF for an aAPX and an aAM.
This results in expression of the aAPX on the cell surface, aAM intracellularly, and thus loading
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of the aAM as cargo in the aAPX in formation of the aAPX:aAM complex at the cell surface.

Figure 10 - Example of preparation of an eAPC-pa in one step with one integration
couple and one unused integration site

eAPC A contains distinct genomic receiver sites B and D. Genetic donor vector C' is coupled
to B. Donor vector C' encodes an aAPX as well as an aAM. The A eAPC is combined with
donor vectors C'. The resulting cell has the ORFs C' exchanged to the B genomic receiver site
to create site B' and deliver an ORF for an aAPX and an aAM.

Genomic receiver site D remains unused. This results in expression of the aAPX on the cell
surface, aAM intracellularly, and thus loading of the aAM as cargo in the aAPX in formation of
the aAPX:aAM complex at the cell surface. This creates an eAPC-pa cell line. Genomic
receiver site D remains unused.

Figure 11 - Example of preparation of an eAPC-pa in one step with two integration
couples

eAPC A contains distinct genomic receiver sites B and D. Distinct genetic donor vectors C' and
E' are independently coupled to B and D, respectively. Donor vector C' encodes an aAPX and
donor vector E' encodes an aAM. The A eAPC is combined with donor vectors C' and E'
simultaneously. The resulting cell has the ORF C' exchanged to the B genomic receiver site to
create site B' and deliver an ORF for an aAPX. Simultaneously, the ORF of E' exchanged to
the D genomic receiver site to create site D' and deliver an ORF for an aAM. This results in
expression of the aAPX on the cell surface, aAM intracellularly, and thus loading of the aAM as
cargo in the aAPX in formation of the aAPX:aAM complex at the cell surface. This creates an
eAPC-pa cell line.

Figure 12 - Example of preparation of an eAPC-pa in two steps with two integration
couples via eAPC-p

eAPC A contains distinct genomic receiver sites B and D. Distinct genetic donor vectors C' and
E' are independently coupled to B and D, respectively. Donor vector C' encodes an aAPX and
donor vector E' encodes an aAM. In STEP1 the A eAPC is combined with the C' donor vector.
The resulting cell has insert C' exchanged to the B genomic receiver site to create site B’ and
deliver an ORF for an aAPX. This results in expression of the aAPX on the cell surface and
creation of an eAPC-p. Genomic receiver site D remains unused. In STEP2 the eAPC-p
created in STEP1 is combine with the E' donor vector. The resulting cell has insert E'
exchanged to the D genomic receiver site to create site D' and deliver an ORF for an aAM.
This results in expression of the aAM on the cell surface as cargo of the expressed aAPX, and
creation of an eAPC-pa.

Figure 13 - Example of preparation of an eAPC-pa in two steps with two integration
couples via eAPC-a

eAPC A contains distinct genomic receiver sites B and D. Distinct genetic donor vectors C' and
E' are independently coupled to B and D, respectively. Donor vector C' encodes an aAM and
donor vector E' encodes an aAPX. In STEP1 the A e APC is combined with the C' donor vector.
The resulting cell has insert C' exchanged to the B genomic receiver site to create site B’ and
deliver an ORF for an aAM. This results in expression of the aAM on the cell surface and
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creation of an eAPC-a. Genomic receiver site D remains unused. In STEP2 the eAPC-a
created in STEP1 is combine with the E' donor vector. The resulting cell has insert E'
exchanged to the D genomic receiver site to create site D' and deliver an ORF for an aAPX.
This results in expression of the aAPX on the cell surface with the aAM as cargo and creation
of an eAPC-pa.

Figure 14 - Shotgun preparation of an eAPC-pa pool from an eAPC-p

The eAPC-p contains the exchanged genomic receiver site B' expressing an aAPX and the
distinct genomic receiver site D. The pool of genetic donor vectors E' i-iii are coupled to D.
Donor vectors E' i-iii each encode a single aAM gene. The eAPC-p is combined with donor
vectors E' i, E' ii, E' iii simultaneously. The resulting cell pool has either of inserts E' i-iii
exchanged to the D genomic receiver site in multiple independent instances to create sites D' i-
iii each delivering a single ORF for an aAM gene. The resulting e APC-pa cell pool comprises a
mixed population of three distinct cell cohorts each expressing a discrete combination of B'
presenting as aAPX:aAM either of the aAM genes contained in the initial vector library.

Figure 15 - Shotgun preparation of an eAPC-pa pool from an eAPC-a

eAPC-a contains the exchanged genomic receiver site B' expressing an aAM and the distinct
genomic receiver site D. The pool of genetic donor vectors E’ i-iii are coupled to D. Donor
vectors E' i-iii each encode a single aAPX gene. The eAPC-a is combined with donor vectors
E'i, E'ii, E'iii simultaneously. The resulting cell pool has either of inserts E’ i-iii exchanged to
the D genomic receiver site in multiple independent instances to create sites D' i-iii each
delivering a single ORF for an aAPX gene. The resulting eAPC-pa cell pool comprises a mixed
population of three distinct cell cohorts each expressing a discrete combination of the aAM
encoded in B' and either of the aAPX genes contained in the initial vector library.

Figure 16 - Shotgun preparation of pooled eAPC-pa libraries from eAPC containing
combinatorial paring of aAM and aAPX genes

eAPC A contains distinct genomic receiver sites B and D. Distinct genetic donor vectors C' and
E' are coupled to B and D, respectively. Donor vectors C'i and C'ii each encode a single aAM
gene, and donor vectors E' i and E' ii each encode a single aAPX gene. The eAPC A is
combined with donor vectors C'i, C'ii, E'i and E' ii simultaneously. The resulting cell pool has
insert C'i or C'ii exchanged to the B genomic receiver site multiple independent instances to
create sites B' i and B' ii, each delivering a single ORF for an aAM. The resulting cell pool
further has insert E i or E ii exchanged to the D genomic receiver site multiple independent
instances to create sites E' i and E' ii, each delivering a single ORF for an APX gene. The
resulting eAPC-pa cell pool comprises a mixed population of four distinct cell cohorts each
expressing a discrete randomised aAPX:aAM pair at the surface comprised of one of each
gene contained in the initial vector library.

Figure 17 - Generation of eAPC-p:CM from eAPC-p expressing intrinsic cargo CM

In the absence of the expression of an aAM from a genomic recombination site the aAPX
molecule on an eAPC-p can present intrinsic cargo molecule CM on the surface as aAPX:CM
complex.

Figure 18 - Generation of a eAPC-p + aAM from a eAPC-p and the addition of a soluble,
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presentable antigen aAM

eAPC-p contains the exchanged genomic receiver site B' expressing an aAPX. A soluble,
directly presentable antigen aAM is combined with the e APC-p. This results in the formation of
the aAPX:aAM complex on the cell surface and the generation of an e APC-p + aAM.

Figure 19 - Generation of an eAPC-p + aAM from an eAPC-p and soluble aAM

eAPC-p contains the exchanged genomic receiver site B' expressing an aAPX. A soluble
antigen aAM is combined with the eAPC-p, this results in expression of the aAPX on the cell
surface, the presence of aAM intracellularly, and thus loading of the aAM as cargo in the aAPX
in formation of the aAPX:aAM complex on the cell surface and the generation of an eAPC-p +
aAM.

Figure 20 - Operation of a combined eAPC:T system showing possible analyte TC
output states

The analyte e APC contains sites C' and E' integrated with one ORF each to encode one aAPX
and one aAM, with the aAM loaded as cargo in aAPX at the cell surface. The analyte TC
expresses a TCRsp at the surface. WWhen analyte TC and eAPC-pa populations are contacted,
four analyte TC response states can be achieved, one negative and three positive. The
negative state is the resting state of the analyte TC, with no signal strength denoting failure of
the eAPC aAPX:aAM complex to stimulate the analyte TC presented TCRsp. Three positive
states show increasing signal strength * ** and *™ denote low, medium and high signal
strength, respectively as also denoted by darker shading of the cells. This indicates a graded
response of analyte TCRsp expressed by analyte TC population towards analyte aAPX:aAM
presented by the eAPC-pa.

Figure 21 - Operation of a combined eAPC:T system showing possible eAPC-pa output
states

The analyte eAPC-pa contains sites C' and E’ integrated with one ORF each to encode one
aAPX and one aAM, with the aAM loaded as cargo in aAPX at the cell surface. The analyte
TC expresses a TCRsp at the surface. VWhen analyte TC and eAPC-pa populations are
contacted, four eAPC response states can be achieved, one negative and three positive. The
negative state is the resting state of the analyte e APC, denoting failure of the TCRsp chain
pair to stimulate the aAPX:aAM complex presented by the analyte eAPC. Three positive states
show increasing signal strength from the contacted aAPX:aAM. Three positive states show
increasing signal strength *, ™ and *** denote low, medium and high signal strength,
respectively as also denoted by darker shading of the cells. This indicates a graded response
of analyte aAPX:aAM towards the analyte TCRsp presented by the analyte TC.

Figure 22 - Combined operation of a combined eAPC:T system to identify TCR chain
pairs reactive with analyte aAPX:aAM from a library of analyte TC expressing discrete
analyte TCRsp

The analyte TC pool expresses varied TCRsp at the surface. The analyte e APC-pa contain
sites C' and E’ integrated with a distinct set of ORF to encode one aAPX and one aAM, with
the aAM loaded as cargo in aAPX at the cell surface. In the present example, only the TCRsp
expressed from analyte TC i is specific for the aAPX:aAM presented by the analyte eAPC-pa,
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such that when analyte TC pool and analyte eAPC-pa population are contacted, only the cell
cohort of the analyte TC expressing TCRsp i engagement.

Figure 23 - Combined operation of a combined eAPC:T system to identify aAM reactive
with analyte analyte TC from a library of analyte e APC-pa expressing discrete analyte
aAPX:aAM complexes

The analyte eAPC contain sites C' and E' integrated with a distinct set of ORF each to encode
one aAPX and one aAM, with the aAM loaded as cargo in aAPX at the cell surface. The
analyte TC express a defined TCRsp at the surface. In the present example, only the complex
aAPX:aAM i is specific for the TCRsp presented by the analyte TC, such that when analyte
eAPC pool and analyte TC population are contacted, only the cell cohort expressing aAM i
express a distinct signal *.

Figure 24 - Operation of a combined eAPC:T system to identify aAPX;:aAM complex
reactive with a specific analyte TCR

The analyte eAPC-pa pool contain sites C' and E' integrated with a distinct set of ORF each to
encode one aAPX and one aAM i-iii, with the aAM loaded as cargo in aAPX at the cell
surface. An analyte TCR, in the form of soluble, immobilised or NCBP presented specific for a
distinct aAPX:aAM complex expressed by a subpopulation of the analyte e APC-pa pool by is
contacted with the analyte eAPC-pa pool. In the present example, only the aAPX:aAM i
formed from for the analyte TCR such that, only the cell cohort of the analyte eAPC-pa pool
that bears aAM i responds to the analyte TCR (dark grey).

Figure 25 - Identification of the aAM presented by an eAPC-p + aAM through forced
release of the aAM

eAPC-p + aAM contains the exchanged genomic receiver site B' expressing an aAPX as well
as internalized aAM that is presented on the surface as aAPX:aAM complex. The aAM is
released from the aAPX:aAM surface complex through incubation and the released aAM
available for identification.

Figure 26 - Identification of the aAM presented by an eAPC-p + aAM through capture of
the aAPX:aAM complex

eAPC-p + aAM contains the exchanged genomic receiver site B' expressing an aAPX as well
as internalized aAM that is presented on the surface as aAPX:aAM complex. The aAPX:aAM
surface complex is captured for identification of loaded aAM.

Figure 27 - Operation of the multicomponent system for preparing analyte eAPC for
assembly of a combined eAPC:T system

The overall system in which the engineered multicomponent cellular system (MCS) operates
comprises contacting prepared analyte engineered antigen-presenting cells (eAPC) with
various analyte TCR in assembly of combined eAPC:T system. It is from the combined eAPC:T
system that primary outputs are derived, and from these primary outputs that terminal outputs
are derived. Operation of the overall system comprises two phases, the preparation phase,
and the analytical phase. In one aspect of Phase 1, the multicomponent system is used to
prepare analyte eAPC are prepared, and such analyte populations may comprise eAPC-p,
eAPC-a and/or eAPC-pa. Such analyte eAPC present various forms of antigenic moieties;
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analyte antigen-presenting complexes (aAPX); analyte antigenic molecules (aAM); aAPX with
loaded aAM cargo (aAPX:aAM); a cargo molecule (CM); an aAPX loaded with CM (aAPX.:CM);
wherein the analyte antigens represent those to be tested for affinity or signal induction against
the analyte TCR (step i). In another aspect of Phase1, cells (analyte TC), non-cell based
particles, soluble reagents, immobilized reagents presenting analyte TCR chain pairs, or other
affinity reagents with specificity to the analyte antigen are prepared collectively referred to as
analyte TCR (step ii). Phase 2 of the overall system is the contacting of analyte eAPC
populations and analyte TCR prepared in Phase 1, resulting in the assembly of a combined
eAPC:T system (step iii)). Contacted analyte eAPC potentially bind to analyte TCR wherein such
binding may result in a stable complex formation. Formation of a stable complex may induce a
signal response in analyte eAPC and/or analyte TC entities, and/or the stable complex may be
directly selected. Within the combined eAPC:T system, outputs of the analyte eAPC, or analyte
TC may change their signal state (denoted with *, and the darker shading) such that those
responding species may be identified (step iv). The altered state may also be in the form of
direct selection of eAPC forming a stable complex with the analyte TCR. Based on altered
signal states within the eAPC:T system, specific analyte eAPC and/or analyte TC may be
selected on their ability to induce are response in one another, or selected on the basis of
failure to induce such a response, and/or in direct selection of the stable complex itself.
Selection based on this responsiveness or stable complex yields the primary outputs of the
combined eAPC:T system (step v). By obtaining the analyte cells, or analyte TCR from step v,
the presented analyte aAPX, aAM, aAPX:aAM, CM, aAPX:CM and/or TCR and/or other affinity
reagents with specificity to the analyte antigen, may be identified as the terminal output of the
system operation (step vi).

Figure 28 - Selection of cells with targeted mutagenesis of the HLA-A, HLA-B and HLA-
C loci in HEK239 cell line

1.a) GFP fluorescence signal in two independent cell populations 48 hours after
transfection with plasmids encoding Cas9-P2A-GFP and gRNAs targeting the HLA-A,
HLA-B and HLA-C loci (grey histogram) compared to HEK293 control cells (dashed lined
histogram). Cells that had a GFP signal within the GFP subset gate were sorted as a
polyclonal population. b) Cell surface HLA-ABC signal observed on the two sorted
polyclonal populations when labelled with a PE-Cy5 anti-HLA-ABC conjugated antibody
(grey histogram). Single cells that showed a low PE-Cy5 anti-HLA-ABC signal and were
displayed within the sort gate were sorted to establish monoclones. Non-labelled
HEK293 cells (dashed line histogram) and PE-Cy5 anti-HLA-ABC labelled HEK293 cells
(full black lined histogram) served as controls.

Figure 29 - Phenotypic analysis of HLA-ABC"!! monoclones: Monoclone populations
were stained with the PE-Cy5 anti-HLA-ABC conjugated antibody, and were analysed by flow
cytometry (grey histogram). Non-labelled HEK293 cells (dashed lined histogram) and PE-Cy5
anti-HLA-ABC labelled HEK293 cells (full black lined histogram) served as controls. All three
monoclone lines showed a fluorescent signal matching to non-labelled controls demonstrating
that each line lacked HLA-ABC surface expression.
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Figure 30 - Genetic characterization of a selection of monoclones lacking surface HLA-
ABC expression demonstrating a genomic deletion in the targeted HLA alleles. PCR
amplicons were generated with primers that spanned the gRNA genomic target sites of a
specific HLA alleles and their size determined by electrophoresis. The expected size of the wild
type HLA-A amplicon is 1067 bp, HLA-B amplicon is 717 bp and HLA-C amplicon is 1221 bp.

Figure 31 - Selection of cells with targeted genomic integration of synthetic Component
B with or without synthetic Component D

1. a) GFP fluorescence signal 48 hours after transfection with plasmids encoding Cas9-
P2A-GFP, gRNAs targeting the AAVS1 locus and component B genetic elements flanked
by AAVS1 left and right homology arms (grey histogram). HEK293 cells server as a GFP
negative control (dashed line histogram). Cells that had a GFP signal within the GFP+
gate were sorted as a polyclonal population. b) GFP fluorescence signal 48 hours after
transfection with plasmids encoding Cas9-P2A-GFP, gRNAs targeting the AAVS1 locus
and component B and D, both flanked by AAVS1 left and right homology arms (grey
histogram). HEK293 cells server as a GFP negative control (dashed line histogram).
Cells that had a GFP signal within the GFP+ gate were sorted as a polyclonal population
¢) Maintained BFP but no detectable RFP signal observed in the D1 sorted polyclonal
population. Single cells that showed high BFP signal in quadrant Q3 were sorted to
establish eAPC containing synthetic component B monoclones. d) Maintained BFP and
RFP signal observed in the D2 sorted polyclonal population. Single cells that showed
high BFP and RFP signals in quadrant Q2 were sorted to establish eAPC monoclones
containing synthetic component B and synthetic component D.

Figure 32 - Phenotypic analysis of eAPC monoclones

a and b) Monoclone populations that display maintained BFP expression suggest the
integration of synthetic component B. ¢) Monoclone populations that display maintained BFP
and RFP expression suggest the integration of both synthetic component B and synthetic
component D.

Figure 33 - Genetic characterization of a selection of monoclones for integration of
Component B or Component B and D in the AAVS1 locus.

1. a) PCR amplicons were generated with primers that prime within component B and/or D
and size determined by electrophoresis. The expected size of a positive amplicon is
380bp indicating stable integration of component B and/or D. b) PCR amplicons were
generated with primers that prime on AAVS1 genomic sequence distal to region encoded
by the homologous arms and the SV40 pA terminator encoded by component B and/or
D and size determined by electrophoresis. The expected size of a positive amplicon is
660 bp indicating integration of component B and/or D occurred in the AAVS1 site.

Figure 34 - Selection of cells with targeted genomic integration of component C' into
component B

1. a) GFP fluorescence signal 48 hours after transfection with plasmids encoding Cas9-
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P2A-GFP, gRNAs targeting the AAVS1 locus and component C'H-A-A"24:02 (jeft panel) or

component C'HA-B*-07:02 (right panel). Cells that had a GFP signal within the GFP+ gate
were sorted as a polyclonal population ACL-303 or ACL-305.

2.b) Analyte HLA cell surface expression observed on the two sorted polyclonal
populations when labelled with a PE-Cy5 anti-HLA-ABC conjugated antibody (grey
histogram). Single cells that showed a high PE-Cy5 anti-HLA-ABC signal and were
displayed within the right sort gate were sorted to establish monoclones. Signal detected

from PE-Cy5 anti-HLA-ABC labelled ACL-128, the HLA-ABCMU!l and HLA-DR,DP,DQ!
eAPC cell line (dashed line histogram) served as controls.

Figure 35 - Phenotypic analysis of eAPC-p monoclones expressing analyte HLA class |
protein on the cell surface
Monoclone populations were stained with the PE-Cy5 anti-HLA-ABC conjugate antibody, and

were analysed by flow cytometry (grey histogram). ACL-128, the HLA-ABC™!l and HLA-
DR,DP,DQ™!! eAPC cell line (dashed line histogram) served as controls. ACL-321 and ACL-
331 monoclone cell lines showed a stronger fluorescent signal compared to the HLA-ABC!!

and HLA—DR,DP,DQnuII eAPC cell line control, demonstrating that each line expresses their
analyte aAPX, HLA-A*24:02 or HLA-B*-07:02 OREF, respectively, and therefore are eAPC-p cell
lines.

Figure 36 - Genetic characterization of a selection of monoclones demonstrating that
their genomes integrated component C', and that the integration occurred in the AAVS1
genomic receiver site, generating component B’

1.a) PCR amplicons confirm the presence of HLA insert, a band of 810 bp indicated
correct CMV promoter amplicon and 380 bp is the amplicon generated from SV40pA
terminator. b) PCR amplicons were generated with two set of primers that primed on
AAVS1 genomic sequence distal to region encoded by the homologous arms and a
primer that is unique to the SV40 pA terminator linked to the analyte HLA ORF. The
expected size of a positive amplicon 1 kb and 1.1 kb indicate generation of component
B'.

Figure 37 - Selection of cells with targeted genomic integration of component C' into
component B

1. a) GFP fluorescence signal 48 hours after transfection with plasmids encoding Cas9-
P2A-GFP, gRNAs targeting the AAVS1 locus and component C'HLA-DRA*01:01HLA-

DRB1*01:01 (left panel) or component C'HLA-DPAT*01:03/HLA-DPB1*04:01 (right panel). Cells
that had a GFP signal within the GFP+ gate were sorted as a polyclonal population.

2.b) Analyte HLA cell surface expression observed on the two sorted polyclonal
populations when labelled with an Alexa 647 anti-HLA-DR,DP,DQ conjugated antibody
(grey histogram). Single cells that showed a high Alexa 647 anti-HLA-ABC signal and
were displayed within the right sort gate were sorted to establish monoclones. Signal
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detected from Alexa 647 anti-HLA-ABC labelled ACL-128 (HLA-ABC™! and HLA-

DR,DP,DQ™!! eAPC cell line) (dashed line histogram) and ARH wild type cell line (full
black lined histogram) served as controls

Figure 38 - Phenotypic analysis of eAPC-p monoclones expressing analyte HLA class Il
protein on the cell surface
Monoclone populations were stained with a Alexa 647 anti-HLA-DR,DP,DQ conjugated

antibody, and analysed by flow cytometry (grey histogram). ACL-128 (HLA-ABC"U!l and HLA-

DR,DP,DQ™!! eAPC cell line) (dashed line histogram) and ARH wild type cell line (full black
lined histogram) served as controls. ACL-341 and ACL-350 monoclone cell lines showed a

stronger fluorescent signal compared to the HLA-ABC™ and HLA-DR,DP,DQ™!' eAPC cell line
control, demonstrating that each line expressed their analyte aAPX, HLA-DRA*01:01/HLA-
DRB1*01:01 or HLA-DPA1*01:03/HLA-DPB1*04:01, respectively, and therefore are eAPC-p cell
lines.

Figure 39 - eAPC-p monoclones generated by RMCE integration of analyte HLA class |
protein

1. a) eAPC-p monoclone populations ACL-421 and ACL-422 lost BFP fluorescence (grey
histogram). Their parent eAPC cell line ACL-385 (full black line histogram) and the BFP
negative ARH wild type cell line (dash line histogram) served as a control

2.b) eAPC-p monoclone populations ACL-421 and ACL-422 gained HLA-A*02:01
expression when stained with the PE-Cy5 anti-HLA-ABC conjugate antibody (grey

histogram). Their parent ACL-385 HLA-ABC™!l and HLA-DR,DP,DQ!! eAPC cell line
(dash line histogram) and ARH wild type cell line (full black line histogram) served as
negative and positive PE-Cy5 anti-HLA-ABC labeling control, respectively.

These results strongly indicated a successful RMCE occurred between the BFP ORF and HLA-
A*02:01 ORF in both ACL-421 and ACL-422 cell lines.

Figure 40 - Genetic characterization of a selection of monoclones confirmed HLA-
A*02:01 integration by RMCE

An amplicon of 630 bp indicated presence of HLA-A2 in monclones ACL-421 and 422 but not
in the control line, ACL-128.

Figure 41 - Phenotypic analysis of e APC-pa monoclones expressing analyte HLA class |
protein on the cell surface and aAM

1.a) eAPC-p Monoclone populations were stained with the PE-Cy5 anti-HLA-ABC
conjugated antibody, and were analysed by flow cytometry (grey histogram). ACL-128,

the HLA-ABC"U!l and HLA-DR,DP,DQ"!' e APC cell line (dashed line histogram) served
as control. ACL-321 and ACL-331 monoclone cell lines showed stronger fluorescent
signal compared to controls demonstrating that each line expressed their analyte aAPX,
HLA-A*02:01 or HLA-B*35:01 ORF, respectively, and therefore were eAPC-p cell lines.
2.b) eAPC-pa Monoclone populations were assessed for GFP fluorescence by flow
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cytometry (grey histogram). ACL-128, the HLA-ABC™!l and HLA-DR,DP,DQ™!' e APC cell
line (dashed line histogram) served as control. ACL-391 and ACL-395 monoclone cell
lines showed a stronger fluorescent signal compared to controls demonstrating that
each line expresses analyte aAM selection marker and therefore inferred aAM
expression, in a cell line which also expressing HLA-LA-A*02:01 or HLA-B*35:01 OREF,
respectively. Therefore ACL-391 and ACL-395 were eAPC-pa lines.

Figure 43 - An eACP-p constructed in one step wherein Component C' encoded a single
HLAI ORF.

An eAPC-p was created through RMCE by electroporation of the cell line ACL-402 with the
plasmid that encodes expression of the Tyr-recombinase, Flp (V4.1.8), together with one
Component C' plasmid encoding an aAPX, selected from either HLA-A*02:01 (V4.H.5 or HLA-
A*24:02 (V4.H.6). At 10 days post electroporation, individual cells positive for HLAI surface
expression and diminished fluorescent protein signal, RFP, encoded by Component B
selection marker, were sorted. Resulting monoclonal eAPC-p lines were analysed by flow
cytometry in parallel with the parental eAPC line, and two examples are presented a) Individual
outgrown monoclone lines (ACL-900 and ACL-963) were analysed by flow cytometry for loss of
RFP, presence of BFP and gain of HLA-ABC (aAPX). Left-hand plots display BFP vs RFP, the
parental cell has both BFP and RFP (Q2, top plot, 99.2%), whereas ACL-900 (Q3, middle plot,
99.7%) and ACL-963 (Q3, bottom plot, 99.9%) both lack RFP signal, indicating integration
couple between Component B/C' has occurred. Right-hand plots display BFP vs HLA-ABC
(aAPX), wherein both ACL-900 (Q2, top plot, 99.2%) and ACL-963 (Q2, bottom plot, 99.2%)
show strong signal for HLA-ABC (aAPX), further reinforcing that B/C' integration. Both ACL-900
and ACL-963 have strong BFP signal, indicating that Component D remains open and isolated
from the Component B/C' integration couple. b) To further characterize ACL-900 and ACL-963,
and a third eAPC-p not presented in a) ACL-907, genomic DNA was extracted and PCR
conducted using primers that target adjacent and internal of Component B' (Table 5, 8.B.3,
15.H.2), thereby selectively amplifying only successful integration couple events. Comparison
is made to an unmodified parental line, ACL-3 wherein the Component B is lacking. Amplicon
products specific for Component B' were produced for all three eAPC-p monoclones whereas
no product was detected in the ACL-3 reaction, confirming the specific integration couple event
between Component B and Component C' had occurred.

Figure 44 - An eAPC-pa constructed from eAPC-p in one step, wherein Component D’
encodes a single analyte antigen molecule (aAM) ORF.

Multiple eAPC-pa were constructed from a parental eAPC-p (ACL-905) in parallel, wherein the
genomic receiver site, Component D, is targeted for integration by a primed genetic donor
vector, Component E’, comprising of a single ORF that encodes an aAM. The eAPC-p (ACL-
900, example 8) was independently combined with a vector encoding expression of the RMCE
recombinase enzyme (Flp, V4.1.8) and each Component E' of either VO.E.6, V9.E.7, or VO.E.8
by electroporation. At 10 days post electoporation, individual eAPC-pa were selected and
single cell sorted (monoclones) based on diminished signal of the selection marker of
integration BFP, encoded by Component D. Resulting monoclonal eAPC-pa lines were
analysed by flow cytometry in parallel with the parental eAPC line, and three examples are
presented. In addition, resulting monoclones were also genetically characterized to confirm the
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integration couple event, a) Monoclones for eAPC-pa, ACL-1219, ACL-1227 and ACL-1233,
were analysed and selected by flow cytometry for loss of BFP signal and retention of the HLA-
ABC signal. Plots of BFP vs SSC are displayed with a BFP- gate. An increase in the number of
BFP- events compared to parental eAPC-p is observed, indicating that an integration couple
between Component D/E' has occurred. Single cells from the BFP- gate were selected, sorted
and outgrown. b) Selected monoclones of ACL-1219, ACL-1227, ACL-1233 were analysed by
flow cytometry to confirm loss of BFP and retention of HLA-ABC signals. Plots of BFP vs HLA-
ABC are presented, wherein all three monoclones can be observed having lost the BFP signal
in comparison to parental eAPC-p (right most plot), indicating a successful integration couple
event. ¢) To demonstrate that the monoclones contained the correct fragment size for aAM
ORF, a polymerase chain reaction was conducted, utlising primers targeting the aAM ORF
(Table 5, 10.D.1, 15.H.4) and representative agarose gel is presented. Results from two
monoclones representing each aAM ORF are shown. Lane 1: 2_log DNA marker, Lanes 2-3:
pp28 ORF (expected size 0.8kb), Lane 4: 2_log DNA marker, Lanes 5-6: pp52 ORF (expected
size 1.5kb), Lane 7: 2_log DNA marker, Lanes 8-9: pp65 ORF (expected size 1.9kb), Lane 10:
2_log DNA marker. All monoclones analysed had the expected amplicon size for the respective
aAM, further indicating the integration couple had occurred.

Figure 45 - Shotgun integration of multiple antigens into eAPC-p to create a pooled
eAPC-pa library in a single step

A pooled library of eAPC-pa were generated from a pool of primed Component E vectors
(Component E') collectively encoding multiple aAM ORF (HCMVpp28, HCMVpp52 and
HCMVpp65) by integration in a single step into the parental eAPC-p, wherein each individual
cell integrates a single random analyte antigen ORF derived from the original pool of vectors,
at Component D', such that each generated eAPC-pa expresses a single random aAM, but
collectively the pooled library of eAPC-pa represents all of aAM ORF encoded in the original
pooled library of vectors. The library of eAPC-pa was generated by electroporation by combing
the eAPC-p (ACL-905, aAPX: HLA-A*02:01) with a pooled vector library comprised of individual
vectors encoding an ORF for one of HCMVpp28, HCMVpp52 or HCMVpp65 (V9.E.6, VO.E.7,
and V9.E.8), and being mixed at a molecular ratio of 1:1:1. Resulting eAPC-pa populations
were analysed and selected by flow cytometry, in parallel with the parental eAPC-p line. a) At
10 days post electroporation putative eAPC-pa cells (Transfectants) were analysed and
selected by flow cytometry, compared in parallel with the parental line (ACL-905). Plots display
BFP vs SSC, gated for BFP- populations, wherein an increase in BFP- cells are observed in the
BFP- gate compared to the parental line. Bulk cells were sorted form the transfectants based
on BFP- gate, denoted ACL-1050. b) After outgrowth, ACL-1050 cells were analysed by flow
cytometry for loss of BFP. Plots displayed are BFP vs SSC, wherein ACL-1050 has been
enriched to 96.4% BFP- compared to parental line -4% BFP-. Subsequently, single cells were
sorted from the BFP- pollution of ACL-1050. ¢) To demonstrate that the polyclone ACL-1050
was comprised of a mixture of HCMVpp28, HCMVpp52 and HCMVpp65 encoding cells, 12
monoclones were selected at random, outgrown and were used for genetic characterisation.
Cells were characterised by PCR utilising primers targeted to the aAM ORF (Component D’)
(Table 5, 10.D.1, 15.H.4), to amplify and detect integrated aAM. All 12 monoclones screened
by PCR have detectable amplicons are of the expected size for one of pp28 (0.8kb), pp52
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(1.5kb) or pp65 (1.9kb). In addition, all 3 aAMs were represented across the 12 monoclones.
In comparison, amplicons from three discrete monoclones, wherein in the aAM was known,
were amplified in parallel as controls; all three controls produced the correct sized amplicons of
pp28 (0.8kb), pp52 (1.5kb) and pp65 (1.9kb). Thus, it is confirmed that the pool is comprised
of eAPC-pa wherein each cell has a single randomly selected aAM form the original pool of
three vectors.

Figure 46 - eAPC-pa induced antigen-specific outgrowth of primary CD8 cells

Seven different eAPC:T systems were compiled using primary CD8+ T cells as the analyte TC,
and three different eAPC cell lines, ACL-191 (eAPC-p, aAPX: HLA-A*02:01), ACL-390 (eAPC-
pa, aAPX:aM: HLA-A*02:01, HCMVpp65) or ACL-128 (eAPC, HLA-I null, i.e. no aAPX).
Furthermore, eAPC:T systems comprising of ACL-191 or ACL-128, where applicable used
exogenously provided aAM (as soluble NLVPMVATV peptide). Systems were compiled as
described below, and after 9 days of co-culture the cells were analysed for specific staining
with CMV-A.0201-NLVP tetramer (aAPX:aAM) to detect outgrowth of antigen-specific T-cells by
flow cytometry. a) Four eAPC:T systems were compiled comprising of analyte TC (CD8+ T-
cells), and 1) ACL-191 with no aAM (unpulsed), 2) ACL-191 pulsed with aAM, 3) ACL-128
unpulsed, or 4) ACL-128 pulsed with aAM. Systems with aAM were provided with NLVPMVATV
peptide (aAM), derived from HCMVpp65 protein, at a peptide concentration of 1 uM for 4 hours
as described in materials and methods section. Flow cytometry plots of CD8 vs CMV-A.0201-
NLVP are displayed, wherein plots represent data for eAPC:T system (left-to-right) 1), 2), 3),
4). A clear population (27% ) of CD8+CMV-A.0201-NLVP+ cells (gated) are observed in plot 2
(ACL-191 pulsed with aAM), in contrast all other eAPC:T systems, plots 1, 3, 4, lacking either
aAPX or aAM or both, have positive cells of between 0.02-0.12%. Thus, specific analyte TC
can be outgrown in an antigen dependent nature by aAPX:aAM presented by eAPC-p cells
when provided with exogenous aAM. b) Three eAPC.T systems were compiled comprising of
analyte TC (CD8+ T-cells), and 1) ACL-128 (eAPC), 2) ACL-191 (eAPC-p), or 3) ACL-390
(eAPC-pa), and wherein no exogenous aAM is provided. ACL-390 has an integrated aAM
ORF, HCMVpp65. Flow cytometry plots of CD8 vs CMV-A.0201-NLVP are displayed, wherein
plots represent data for eAPC:T system (left-to-right) 1), 2), 3). A clear population (4.89%) of
CD8+CMV-A.0201-NLVP+ cells (gated) are observed in plot 3 (ACL-390 with endogenous
aAM), in contrast the other eAPC:T systems, plots 1 and 2, lacking either aAM or aAPX and
aAM, have positive cells of between 0.02-0.12%. Thus, this data supports that eAPC-pa are
capable of processing endogenous aAM ORF into aAM by native cellular machinery, and
present the aAM in complex with aAPX, such that it can stimulate an antigen specific outgrowth
of analyte TC.

Figure 47 - eAPC-p and exogenous aAM induced antigen-specific outgrowth of primary
CD4 cells

Two different eAPC:T systems were compiled using primary CD4+ T cells as the analyte TC,
and one eAPC-p cell lines, ACL-341 (aAPX: HLA-DRB1*01:01). Furthermore, where applicable
exogenously aAM (as PKYVKQNTLKLAT peptide, SEQ ID NO:1) was also provided to the
system. Systems were compiled as described below, and after 9 days of co-culture the cells
were analysed for specific staining with INFL-DRB1*01:01-PKYV tetramer (aAPX:aAM, SEQ ID
NO:2) to detect outgrowth of antigen-specific T-cells by flow cytometry. Two eAPC:T systems
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were compiled comprising of analyte TC (CD4+ T-cells), and 1) ACL-341 with no aAM
(unpulsed), 2) ACL-341 pulsed with PKYVKQNTLKLAT peptide (aAM, SEQ ID NO:1), at a
peptide concentration of 1 uM for 2 hours as described in materials and methods section. Flow
cytometry plots of CD4 vs with INFL-DRB1*01:01-PKYV are displayed, wherein plots represent
data for eAPC:T system (left-to-right) 1) and 2). A clear population (12%) of CD4+/INFL-
DRB1*01:01-PKYV+ cells (gated) are observed in plot 2 (ACL-341 pulsed with aAM), in
contrast the control eAPC:T systems, plots 1, lacking either aAM, has positive cells of between
0.06%. Thus, specific analyte TC CD4+ cells can be outgrown in an antigen dependent nature
by aAPX:aAM presented by eAPC-p cells when provided with exogenous aAM.

Figure 48 - Antigen-specific cytotoxicity of eAPC-pa cells co-cultured with primary CD8
cells

Seven different eAPC:T systems were compiled using primary CD8+ T cells as the analyte TC,
and three different eAPC cell lines, ACL-191 (eAPC-p, aAPX: HLA-A*02:01), ACL-390 (eAPC-
pa, aAPX:aM: HLA-A*02:01, HCMVpp65) or ACL-128 (eAPC, HLA-I null, i.e. no aAPX).
Furthermore, eAPC:T systems comprising of ACL-191 or ACL-128, where applicable, used
exogenously provided aAM (as NLVPMVATV peptide, SEQ ID NO: 3). Systems were compiled
as described below, and the co-culture the cells were analysed for cytotoxic action against the
eAPC-p or -pa by staining with AnnexinV and Pl to detect dead cells by flow cytometry. a) Four
eAPC:T systems were compiled comprising of analyte TC (CD8+ T-cells), and 1) ACL-128
unpulsed, 2) ACL-128 pulsed with aAM, 3) ACL-191 with no aAM (unpulsed), 4) ACL-191
pulsed with aAM. Systems with aAM were provided with NLVPMVATV peptide (aAM), derived
from HCMVpp65 protein, at a peptide concentration of 1 uM for 2 hours as described in
materials and methods section. In addition, systems were compiled with ratios of eAPC:CD8 of
1:0, 1:1 and 1:8. Plotted is a bar graph of the percentage dead eAPC cells as detected by flow
cytometry (CD80+Annexin+Pl+). A clear killing of the e APC-p cells is observed only in system 4
(ACL-191 +peptide) comprised of both eAPC and CD8+ cells, ratios 1:1 or 1:8 (eAPC:CD8). No
significant increase in death above is background is observed in systems 1, 2, and 3 lacking
either aAPX, aAM or both. Thus, eAPC-p pulsed with exogenous aAM can be used to stimulate
antigen specific cytotoxic action in primary CD8+ T-cells (analyte TC). b) Three eAPC:T
systems were compiled comprising of analyte TC (CD8+ T-cells), and 1) ACL-128 (eAPC), 2)
ACL-191 (eAPC-p), or 3) ACL-390 (eAPC-pa), and wherein no exogenous aAM is provided.
ACL-390 has an integrated aAM ORF, HCMVpp65. Plotted is a bar graph of the percentage
dead eAPC cells as detected by flow cytometry (CD80+Annexin+Pl+). A clear killing of the
eAPC-p cells is observed only in system 3 (ACL-390), comprised of both eAPC and CD8+ cells,
at ratios 1:1 or 1:8 (eAPC:CD8). No significant increase in death above background is
observed in systems 1 and 2 lacking either aAM or aAPX:aAM. Thus, this data supports that
eAPC-pa are capable of processing endogenous aAM ORF into aAM by native cellular
machinery, and present the aAM in complex with aAPX, such that it can stimulate an antigen
specific cytotoxic action by primary CD8+ T-cells (analyte TC).

Figure 49 - Analyte Antigen Molecules identification from eAPC-pa cells via mass
spectrometry

Mass-spectrometry results are presented for peptide fractions derived from the following
procedures. Two eAPC-p lines, ACL-900 (aAPX: HLA-A*02:01) and ACL-963 (aAPX:. HLA-
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A*24:02) were pulsed with known antigenic peptides, wherein for each eAPC-p four discrete
pulses were conducted, consisting of one of the following aAM as peptides; NLVPMVATV (APD-
2, SEQ ID NO: 3), NLGPMAAGV (APD-21, SEQ ID NO: 4), or VYALPLKML (APD-11, SEQ ID
NO: 5), or no peptide. APD-2 is known to complex with HLA-A*02:01, APD-11 with HLA-
A*24:02, and APD-21 is a triple mutant (V3G, T8G, V6A) of APD-2 in which these mutations
disrupt the ability for the peptide to complex with HLA-A*02:01. Pulsed cells were harvested
and lysed. Cleared lysate was mixed with nickel agarose resin and the HLAs were pulled down
using 6x-His capture. The bound fraction was eluted in 10% acetic acid and ultrafiltered over
3kD columns. The peptide fraction was subjected to liquid extraction and removal of the
organic phase was subjected to solid phase extraction. The eluted peptide fraction w submitted
to mass spectrometry. Peptides NLVPMVATV (SEQ ID NO: 3), VYALPLKML (SEQ ID NO: 5)
and NLGPMVAGV (SEQ ID NO: 4) were successfully identified in their respective pulsed
experiment (IDs 2, 3, 11) and were not identified in any other sample. The HLA-mismatched
peptides NLVPMVATV (ID 12, HLA-A*24:02, SEQ ID NO: 3) and VYALPLKML (ID 13, HLA-
A*02:01, SEQ ID NO: 5) and the triple mutant NLGPAAGV (SEQ ID NO: 4) was not identified.
Thus, the capture and enrichment of aAPX:aAM complexes of eAPC-p cells can be used to
identify, confirm and/or determine the HLA-restricted presentation of an analyte antigen
molecule in antigen presenting complexes.

Materials and methods

Electroporation of ARH-77 cells

[0139] Per reaction, 4x108 cells were electroporated in 500 ul RPMI 1640 with Glutamax-I (Life

Technologies) using the Gene Pulser Xcell™ (Bio-Rad) with the following setting Square Wave
285V, pulse length 12.5 ms and 2 pulses with 1s interval. The DNA concentration used for the
Cas9 plasmid V1.A.8 was 10 ug/ml and 7.5 ug/ml for the gRNA targeting the integration site
(V2.1.10 and V2.J.1 for integration in HLA endogenous locus and V2.J.6 to target the AAVS1
site) (Table 3).

[0140] The integration vectors were electroporated at a concentration of 7.5 ug/ul. For HDR
integration in the HLA locus, HLA class | V1.C.6 and V1.C.9 plasmids were used. For HDR
integration in AAVS1 locus, HLA class | V1.F.8 and V1.F.10 and HLA class Il V1.1.5 and V1.1.7.
Variants of pp65 ORF were integrated into previously created HLA monoallelic lines. Plasmids
V1.G.9 and V1.H.1 containing a form of pp65 linked with a GFP marker were used for this
purpose. To generate an ARH-77 HLA-null line with one RMCE site, plasmids with
heterospecific recombinase sites flanking a marker were used, V4.B.2 for RFP and V4.B.3 for
BFP. The same plasmids were co-electroporated to produce a stable line containing two RMCE
sites. A monoallelic HLA line was also created using RMCE, where vector V4.D.2 was
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electroporated into a cell containing one RMCE site. After electroporation, cells were incubated
in culture medium RPMI 1640 with Glutamax-I + 10% FBS (37°C, 5% CO») for two days, before

analysis.

Transfection of HEK293 cells

[0141] One day prior to transfection, cells were seeded at a density of 1.2-1.4 x10° cells/60mm
dish in 90% DMEM + 2mML-glutamine + 10% HI-FBS (Life Technologies). The following day,

cells with 65% confluency were transfected with a total amount of 5ug DNA and jetPEl ®
(Polyplus transfection reagent, Life Technologies) at a N/P ratio of 6. The medium was

replaced before transfection. Stock solutions of DNA and jetPEl ® were diluted in sterile 1M
NaCl and 150mM NaCl respectively. The final volume of each solution was equivalent to 50%
of the total mix volume. The PEIl solution was then added to the diluted DNA and the mixture
was incubated at room temperature for 15min. Finally the DNA/PEI mixtures were added to the
60-mm dishes, being careful not to disrupt the cell film.

[0142] The cells were incubated for 48 hours at (37 °C, 5% CO2, 95% relative humidity) prior
to GFP expression analysis. For deletion of HLA class | genes, cells were transfected with
0.42ug of DNA vectors encoding the Cas9_GFP (V1.A.8), gRNAs targeting HLA-A, B and C
(V2.A.1, V2. A7 and V2.B.3 respectively) and an empty vector (V1.C.2). For integration of
RMCE sites in the AAVS1 locus, cells were transfected with 0.5 ug of V1.A.8; 0.625 ug of gRNA
V2.J.6 and 0.75 ug of plasmids encoding two markers flanked by RMCE sites (V4.B.2 for RFP
and V4.B.3 for BFP), empty vector V1.C.2 was used to complete 5 ug of DNA.

Sorting of polyclonal GFP-expressing cells

[0143] Cells electroporated or transfected with Cas9-P2A-GFP (V1.A.8) or with a plasmid
encoding a GFP selection marker (V1.A.4) were sorted for transient GFP expression, using the

FACSJAzz™ cell sorter (BD Biosciences). HEK 293 cells were harvested with TrypLE ™ Express
Trypsin (ThermoFisher Scientific) and resuspended in a suitable volume of DPBS 1X (Life
Technologies) prior to cell sorting, in DMEM 1X medium containing 20% HI-FBS and Anti-Anti
100X (Life Technologies). ARH-77 cells were washed and resuspended in an adequate volume
of DPBS before sorting in RPMI 1640 with Glutamax-1 with 20% HI-FBS and Anti-Anti 100X
(Life Technologies).

Sorting polyclonal and monoclonal cells with stable expression of component of
interest

[0144] To obtain a population of cells constitutively expressing the integrated protein or
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marker, cells were sorted 7 to 15 days after the first GFP+ selection. For cells expected to
express a surface protein, antibody staining was performed prior to sorting. For HLA class |

genes, PE-Cy "5 Mouse Anti-Human HLA-ABC antibody (BD Biosciences) was used. Staining
of HLA-DR and HLA-DP was done with Alexa Fluor® 647 Mouse Anti-Human HLA-DR, DP, DQ

(BD Biosciences). In the case of HEK 293 derived cell lines, cells were harvested with TrypLE ™
Express Trypsin (ThermoFisher Scientific) and washed in a suitable volume of DPBS 1X (Life
Technologies) prior to cell sorting in DMEM 1X medium containing 20% HI-FBS and Anti-Anti
100X (Life Technologies). ARH-77 derived cell lines were washed in an adequate volume of
DPBS before sorting in RPMI 1640 with Glutamax-| with 20% HI-FBS and Anti-Anti 100X (Life

Technologies).
Table 3: Vectors

ID Name

V1.A4 pcDNAS.1_GFP

V1.A8 SpCas9-2A-GFP

V1.C.2 pMA-SV40pA

V1.C.6 HLA-A 02:01 6xHis + Exon2/3-HA-L+R
V1.C.9 HLA-B 35:01 6xHis + Exon2/3-HA-L+R
V1.F.8 AAVS1-S_A24 6xH

V1.F.10 AAVS1-L_BO7_6xH

V1.G.10 AAVS1-I_GFP_HCMVpp65

V1.G.9 AAVS1-I_GFP_HCMVpp65 ANET
V1.HA1 AAVS1-I_GFP_HCMVpp65 AIN
V1.1.5 AAVS1_DRA_Flag-DRB1_6xHis
V1.1.7 AAVS1_DPA1_Flag-DPB1_6xHis
V2.A1 HLA-A-sg-sp-opti1

V2.A7 HLA-B-sg-sp-3

V2.B. 3 HLA-C-sg-sp-4

V2.1.10 HLA-A-ex2-3_sg-sp-opti_1

V2.J.1 HLA-A-ex2-3_sg-sp-opti_2

V2.J.6 AAVSI_sg-sp-opti_3

V4. B. 2 AAVS_Efla-intronF14 RFPnls F15
V4.B.3 AAVS_Efla-intron_FRT_BFPnls_F3
v4.D.2 pMA_FRT_HLA-A*02:01-6xHis_F3
V4. H.5 pMA_F14_HLA-A*02:01-6xHis_F15
V4. H.6 pPMA_F14_HLA-A*24:02-6xHis_F15
V4 H.7 pMA_F14_HLA-B*07:02-6xHis_F15
V4. H.8 pMA_F14_HLA-B*35:01-6xHis_F15
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ID Name

V4.1.8 CMVpro_FLPo Sv40pA V2
V9. E6 FRT_HCMVpp28-3xMYC_F3
VO. E.7 FRT_HCMVpp52-3xMYC_F3
V9. E.8 FRT_HCMVpp52-3xMYC_F3

[0145] For HLA knockout or integration, selection of cells was done based on loss or gain of
HLA expression, respectively. Cells with integrated RMCE sites were sorted based on the
expression of BFP and RFP markers, and HLA monoclones with integrated pp65 mutants were
sorted for GFP expression (Table 4). Monoclonal sorting of cells expressing the gene of
interest was done in 96-well plates, containing 200 ul of growth medium. One to two plates
were sorted per sample. Polyclonal sorting of the remaining cells was done immediately after,

in FACS tubes, using the Two-way sorting setting in the cell sorter Influx™ (BD Biosciences).

Phenotypic screening of monoclonal populations

[0146] A sample of 20,000 cells of the outgrown monoclones population was transferred into
microtiter plates for analysis, cells were resuspended in 250 ul of DPBS 1X (Life Technologies)

and analyzed on the LRSFortessa " (BD Biosciences). BFP and RFP expression was detected
using the PMTs for BV421 and PE-Texas Red fluorophore, respectively. For proteins with

surface expression, cells were first stained using PE-Cy 5 Mouse Anti-Human HLA-ABC

antibody (BD Biosciences) or Alexa Fluor® 647 Mouse Anti-Human HLA-DR, DP, DQ (BD
Biosciences). Staining solution was prepared using the recommended antibody volume diluted
in 100 ul of staining buffer (DPBS +2% FBS). Cells were incubated for 1 hour at 4°C and then
washed twice with 500 ul of staining buffer, prior to analysis. Selected monoclones were
maintained in normal growth medium. HEK239 cells grow in DMEM+ 2mML-glutamine+10%
HI-FBS (Life Technologies) and ARH-7 cells grow in RPMI 1640 with Glutamax-I + 10% HI-

FBS. The confluence of cells was monitored every day, until they reached 10-12x10°. DNA was
extracted from 5x10° cells using the QlAamp DNA Minikit (Qiagen). The remaining cells were

further expanded and cryopreserved at a density of 3x10° cells/ml, in 70% growth medium +
20% HI-FBS + 10% DMSO.
Table 4: FACSJazz and Influx filters

Protein Fluorochrome Filter

Cas9/GFP GFP 488-513/17
Cas9/GFP GFP 488-530/40
HLA-A, B, C PE-Cy5 561-670/30
HLA-DR,DP,DQ Alexa 647 640-670/30
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Protein Fluorochrome Filter
BFP BFP 405-460/50
RFP RFP 561-585/29
HLA-ABC (protein
YG72) PE-Cy7 561-750LP
Myc (protein R43) Alexab47 640-670/30
Phosphatidylserine
(stained by Annexin
V) BV711 405-710/50
CD80 APC APC 640-670/30
CD8APC-H7 APC-H7 640-780/60
CD8 APC-H7 640-750/LP
DNA (stained by Propidium iodide)

Propidium lodide 561-585/15
CD3 APC 640-670/30
CD3 FITC 488-530/40
CD8 PerCP-Cy5.5 488-710/50
CD8 PerCP-Cy5.5 488-695/40
CD4 BV510 405-520/35
CD4 Bv421 405-460/50
CD25 PE 561-585/29
CMV-A.02:01-NLVP PE 561-585/15
INFL-DRB1-0101-PKYV (SEQ ID NO: 2)

PE 561-585/15
Dead cell marker APC-H7 640-780/60

Confirmation of integration in correct genomic location

[0147] Monoclones with desired phenotypic characteristics were screened and assessed at a

molecular level, this was done by PCR using Q5% Hot Start High-Fidelity DNA Polymerase
(NBE), in 20 ul reactions, using the components and volumes recommended by the
manufacturer. To determine whether HLA | ORFs were integrated in the HLA locus, primers
9.C.4 and 9.D.6 were used; correct right homologous arm recombination was indicated by 1 kb
amplicons (table 5). For HLA integration in the AAVS1 locus, four sets of primers were used:
9.C.3 and 9.C.8 to assess correct left homologous arm recombination (1.1 kb), 9.C.4 and 9.D.
1 to assess right homologous arm recombination (660 bp), 1.C.5 and 9.C.5 to amplify the CMV
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promoter of the internal construct (810 bp), and 1.C.2 and 9.C.10 to obtain an amplicon for the
SV40pA terminator of the internal construct (380 bp). Assessment of RMCE site integration in
HEK293 and ARH-77 HLA-null lines was done using primer sets 2 and 4. To confirm HLA class
| deletion in HEK293 cells, specific HLA primers were used as follows: 4.A.3 and 4.A.4 targeting
HLA-A, 4 A7 and 4.B.1 for HLA-B and 4.B.5 and 8.A.1 for HLA-C. Initially, a PCR Master Mix

was prepared with all components (Q5® Reaction Buffer, dNTPs, Hot-Start Q5® DNA
polymerase, primers Fwd and Rev, 100 ng of DNA template and H,0). PCR reactions were run

using C1000 Touch ™ Thermal Cycler (Bio-Rad). PCR products were run on a 1% Agarose gel
in 1XTAE buffer, using the PowerPac Basic (Bio-Rad), stained with 10,000 dilution of sybersafe
and analyzed with Fusion SL (Vilber Lourmat).

Table5: Primers

ID Name Sequence

1.C.2 pMA-sv40_OE_F1 CCTGATCATAATCAAGCCATATCAC

1.C.3 pMA-sv40_OE_R1 GTGATATGGCTTGATTATGATCAGG

1.C.5 pMA-CMV_OE_R1

4A.3 HLA-A-GT-Rg3 TCCCGTTCTCCAGGTATCTG

4A.4 HLA-A-GT-Fg2 GTGTCGGGTTTCCAGAGAAG

4 A7 HLA-B-GT-Fg2 GGGTCCCAGTTCTAAAGTCC

4B.1 HLA-B-GT-Rg2 GGGGATTTTGGCCTCAACTG

4B.5 HLA-C-GT-Fg2 TCTTCCTGAATACTCATGACG

419 HLA-A-02_GT_Rg4 GGAGATCTACAGGCGATCAG

6.1.9 HLA-A-Exon3_HA-RE- GGTTAGATCTGGGAAGGAGACGCTGCAG
Balll_F1

8.A.1 HLA-C-04-GT-Rg1 GATCCCATTTTCCTCCCCTC

8.B.2 CMV-pA-HLA- ATGTCTGGATCTGCGGATCAGCGCACG
Ex3_Probe_F1

9.C3 CMV-pro_GT_R1 ATGGGCTATGAACTAATGACC

9.C4 sv40pA_GT_F1 CATTCTAGTTGTGGTTTGTCC

9.C.5 {AAVS1_GT_F1 CTTACCTCTCTAGTCTGTGC

9.C.7 {AAVS1_GT_F3 CCATTGTCACTTTGCGCTG

9.C.8 {AAVS1_GT_F4 TCCTGGACTTTGTCTCCTTC

9.C.10 j{AAVS1_GT_R2 AGAGATGGCTCCAGGAAATG

9.D.1 AAVS1_GT_RS3 AAGAGAAAGGGAGTAGAGGC

9.D.2 {AAVS1_GT_R4 CCCGAAGAGTGAGTTTGC

9.D.6 HLA-A-intron4_GT_R1 GCTAAAGGTCAGAGAGGCTC

9.D.7 sv40pA-GT-F2 CTGCATTCTAGTTGTGGTTTGTC

9.D.9 {AAVS1_GT_R6

9.J.2 sv40pA-AAVS1-probe- TGCGGATCAGGATTGGTGACAGAA
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ID Name Sequence

FAM-F1
10.A.9 {TRAC_TCRA-ex1_R1 GACTTGTCACTGGATTTAGAGTCTCT
10.A.10 §TRAC_TCRA-promoter_F1 {CTGATCCTCTTGTCCCACAGATA
10.B.6 {TRAC_probe (HEX) ATCCAGAACCCTGACCCTGCCG
8.B.3 Pan-HLA_GT_F1 AAGGAGGGAGCTACTCTCAG
15.H.2 {SV40pA_GT_R1 CCTCTACAGATGTGATATGGCTTG
10.C.4 {3xMyc_OE_R1 GGAGAACAAAAGCTCATCTCTGAGGAG
10.D.1 {CtermCysLink_OE_R1 AGATCCAGATCCACCGGATGTAGAGCAAC
15.H.4 {Ef1a_intron_GT_F2 TGGGTGGAGACTGAAGTTAG

Identification of gene copy number

[0148] DNA of selected monoclones was analyzed by using specific primers targeting the gene
of interest and a probe recognizing a fragment of the integrated gene and extending to the
homologous arm. For HLA class | integration in the HLA locus, primers 4.1.9 and 9.C.4 were
used to amplify the gene of interest and 8.B.2 was used as the probe, conjugated with FAM.
For constructs integrated in the AAVS1 locus, primers 9.D.6 and 9.D.7 and probe 9.J.2, also
conjugated with FAM, were used. In all cases, a reference gene (TRAC) was simultaneously
screened to determine copy numbers, using primers 10.A.9 and 10.A.10 together with the
fluorescent probe 10.B.6 conjugated with HEX. Integration copy number considered that ARH-
77 cells are diploid and HEK293 cells are triploid for reference gene (TRAC). Prior to Droplet
Digital PCR, DNA was digested with Mfel (NEB) to separate tandem integrations. The reaction

setup and cycling conditions were followed according to the protocol for ddPCR™ Supermix for
Probes (No dUTP) (Bio-Rad), using the QX200™ Droplet Reader and Droplet Generator and
the C1000 Touch™ deep-well Thermal cycler (Bio-Rad). Data was acquired using the

QuantaSoft™ Software, using Ch1 to detect FAM and Ch2 for HEX.
Table 6: ddPCR Primers/ probes

ID Name Sequence

21.1.1 HCMVpp65_GT_F2 TCGACGCCCAAAAAGCAC

21.1.2 HCMVpp28_GT_F1 TGCCTCCTTGCCCTTTG

21.1.3 HCMVpp52_GT_F1 CGTCCCTAACACCAAGAAG

20.H.10 {Myc-Tag_GT_R1 AAGGTCCTCCTCAGAGATG

20.H.9 Linker-Myc_Probe_Fam {CTTTTGTTCTCCAGATCCAGATCCACC
10.A9 TRAC-TCRA-ex1-F1 CTGATCCTCTTGTCCCACAGATA
10.A.10 {TRAC-TCRA-ex1-F1 GACTTGTCACTGGATTTAGAGTCTCT
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ID

Name

Sequence

10.B.6

TRAC-probe (HEX)

ATCCAGAACCCTGACCCTGCCG

Table 7: Summary of ACL cell lines, associated components and if applicable the aAPX

and/or aAM integrated at Component B/B' and Component D/D'

ID Components aAPX (B') aAM (D') {Designation
ACL-3 None Wild Type - -
ACL-128 {None Null - -
ACL-402 {B,D - eAPC
ACL-900 B, D HLA-A*02:01 - eAPC-p
ACL-963 i{B'' D HLA-A*24:02 - eAPC-p
ACL-905 {B'' D HLA-A*02:01 - eAPC-p
ACL-1219 {B', D' HLA-A*02:01 pp28 ORF {eAPC-pa
ACL-1227 {B', D' HLA-A*02:01 pp52 ORF {eAPC-pa
ACL-1233 {B', D' HLA-A*02:01 pp65 ORF {eAPC-pa
ACL-1050 iB', D' HLA-A*02:01 pp28, eAPC-pa
ppS2, pp65
AC L-1043 {B', D' HLA-A*02:01 pp28 ORF {eAPC-pa
AC L-1044 {B', D' HLA-A*02:01 pp52 ORF {eAPC-pa
ACL-1046 i{B', D' HLA-A*02:01 pp65 ORF {eAPC-pa
ACL-191 B', D HLA-A*02:01 eAPC-p
ACL-390 {B', D' HLA-A*02:01 pp65 ORF {eAPC-pa
ACL-341 B', D HLA-DRB1*01.01 eAPC-p

Flp-mediated integration of HLA-A*02:01 sequences in eAPC cell line

[0149] eAPC cells were electroporated with vectors encoding Flp, DNA encoding a marker to
track delivery (vector encoding GFP) and vector containing HLA-A*02:01. The HLA-A*02:01
sequence also encoded a linker and 3xMyc- tag at the 3'end. The electroporation conditions
used were 258 V, 12.5 ms, 2 pulses, 1 pulse interval.

[0150] Ratio between each integrating vector and the Flp-vector was 1:3. Cells electroporated
with only GFP-vector and non-electroporated cells were used as controls respectively in order
to set the gates for GFP sort after two days. On the following day (2 days after
electroporation), cells were analyzed and sorted based on GFP expression. Cells were sorted
using the BD Influx Cell Sorter.

[0151] 3 days after electroporation, a sort based on GFP-expression was performed in order
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to enrich for electroporated cells. 7-8 days after electroporation, the cells were harvested and
surface stained for HLA-ABC expression. BFP+ve RFP-ve HLA+ve cells were single cell sorted
for monoclonal.

[0152] To genotype the cells, 100 ng of DNA was used as template to run a PCR reaction to
check if integrations had occurred at the expected integration site. A forward primer targeting
the integration cassettes (Pan_HLA_GT_F1 (Insert SEQ ID NO)) and a reverse primer
(SV40pA_GT_R1 Insert SEQ ID NO) targeting just outside the integration site was used and
the PCR product was run on a 1% agarose gel.

Flp-mediated integration of HCMV ORF sequences in eAPC-p cell line

[0153] eAPC-p cells were electroporated with vectors encoding Flp, DNA encoding a marker to
track delivery (vector encoding GFP) and vectors containing HCMV pp28, pp52 or pp65 aAM-
ORF. The HCMV-ORF sequences also encoded a linker and 3xMyc- tag at the 3'end. The
electroporation conditions used were 258 V, 12.5 ms, 2 pulses, 1 pulse interval.

[0154] Ratio between each integrating vector and the Flp-vector was 1:3. Cells electroporated
with only GFP-vector and no electroporated cells were used as controls respectively in order to
set the gates for GFP sort after two days. On the following day (2 days after electroporation),
cells were analyzed and sorted based on GFP expression. Cells were sorted using the BD
Influx Cell Sorter.

Flp-mediated shotgun integration of 3 HCMV ORF sequences in eAPC-p cell line

[0155] eAPC-p cells were electroporated with vectors encoding Flp, DNA encoding a marker to
track delivery (vector encoding GFP) and vectors containing HCMV pp28, pp52 or pp65 aAM-
ORF. The HCMV-ORF sequences also encoded a linker and 3xMyc- tag at the 3'end. The
electroporation conditions used were 258 V, 12.5 ms, 2 pulses, 1 pulse interval. For the
shotgun integration, the vectors containing HCMV-ORFs were pooled in a ratio 1:1:1 and the
mixture was electroporated into the eAPC-p cell. The resulting eAPC-pa cells were polyclonal.
Individual monoclone cells were sorted and genetically characterized to demonstrate that the
polyclone was made up of cells containing all three HCMV-ORFs.

PCR reactions to assess the RMCE-integration of the HCMV ORFs into Component D

[0156] Primers used to assess integration of the HCMV ORF annealed to the linker (forward
primer 10.D.1 (Insert SEQ ID) and EF1aplha promoter (reverse primer 15.H.4). Expected size
was 0.8kb for pp28, 1.5kb for pp52, 1.9kb for pp65.

Table 8: PCR reagents for assess integration of the aAM ORF
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Reaction Component Volume per reaction

5xPhusion buffer 4 ul

DNTPs 0,2 ul

Phusion DNA polymerase 0,15 ul

10.D.1 0,5 ul

15.H.4 0,5 ul

H20 up to 20 ul

DNA (100ng) 1 ul (100 ng/ul)

DMSO 3% 0.6 ul

Table 9: PCR cycle conditions

Step Temperature Time

Initial Denaturation 30 cycles 98°C 30 sec
98°C 10 sec
60°C 10 sec
72°C 15 sec

Final extension 72°C 10 min

[0157] PCR products were run on a 1% Agarose gel in 1XTAE buffer, using the PowerPac
Basic (Bio-Rad), stained with 10,000 dilution of sybersafe and analyzed with Fusion SL (Vilber
Lourmat).

Outgrowth of antigen-specific CD8+ cells

[0158] Peripheral blood mononuclear cells (PBMCs) were isolated from a healthy blood donor

that is known to have CD8* T cells specific for CMV-A.0201-NLVP, using Ficoll Paque Plus (GE
Healthcare). Cells were stained with surface antibodies against CD markers. Specific T-cell
populations were sorted using BD Influx Cell Sorter, pelleted and resuspended to 200 000
cells/ mlin OSG medium + 10% HS.

eAPCs pulsing with peptide multimer

[0159] HLA-A*02:01 eAPCs were pulsed with 1 pM) peptide (NLVPMVATV (SEQ ID NO: 3) or in
complete OSG medium + 10% HS) for 4 hours. Cells were washed 3 times in phosphate
buffered saline (PBS) and resuspended to 100 000 cells/ml in OSG medium + 10% human
serum (HS).

Co-culturing antigen-specific CD8+ with eAPCs
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[0160] CD8+ cells were co-cultured with eAPCs in 96 well polysterene (wp) round bottom
plates at a 1:1 ratio, i.e. 5000 cells of each cell type in total 10000 cells per well in 100uL
culture volume. Restimulation was performed at day 9 of culture such that 150uL of the
cultures was kept and restimulated with 5000 freshly pulsed eAPC cells at a volume of 50uL
per well.

[0161] In a parallel experiment CD8+ T cells were co-cultured with eAPC-pa cell line, stably
expressesing pp65, in 96wp round bottom at a 1:1 ratio, 5.000 cells of each cell type => 10.000
cells per well in 100uL culture volume. Unpulsed HLA null and eAPC-pa cells were included as
controls. No restimulation was performed.

Phenotyping

[0162] Phenotyping was performed at day 14. Five replicates and a pool of 20 wells was
phenotyped per condition. Cells were stained separately with 100x diluted DCM (Zombie NIR)
followed by staining with 50x diluted multimer (Table 4) for 10 min and thereafter addition of
surface markers (Table 4) in 25uL per sample for 30-60 min. Cells were resuspended in Stain
Buffer (PBS+2% FBS) and data were acquired on LSRFortessa and analysed in FlowJo.

Outgrowth of antigen-specific CD4+ cells

[0163] Peripheral blood mononuclear cells (PBMCs) were isolated from a healthy blood donor

that is known to have CD4" T cells specific for INFL-DRB1*01:01-PKYV, using Ficoll Paque
Plus (GE Healthcare). Cells were stained with surface antibodies against CD markers. Specific
T-cell populations were sorted using BD Influx Cell Sorter, pelleted and resuspended to 100000
or 400000 cells/ ml in OSG medium + 10% HS.

eAPCs pulsing with peptide multimer

[0164] HLA DRB1*01:01 eAPCs were pulsed with 1 yM peptide (PKYVKQNTLKLAT (SEQ ID
NO: 1) or in complete OSG medium + 10% HS) for 2 hours. Cells were washed 3 times in
phosphate buffered saline (PBS) and resuspended to 5000 cells/ml in OSG medium + 10%
human serum (HS).

Co-culturing antigen-specific CD4+ with eAPCs
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[0165] CD4+ cells were co-cultured with eAPC in 96wp round bottom i.e. 250 eAPCs and 5.000
vs. 20.000 CD4+ cells in 100pL culture volume. Cultures were maintained in OSG+10% HS.
Some cultures were dosed with 100U/mL IL-2 at day 1. Cultures with no IL-2 addition were
dosed with media. Cultures expanded for 14 days got an additional dose of IL-2 at day 7.

Phenotyping

[0166] Phenotyping was performed at day 14. Five replicates and a pool of 20 wells was
phenotyped per condition. Cells were stained separately with 100x diluted DCM (Zombie NIR)
followed by staining with 50x diluted multimer (Table 4) for 10 min and thereafter addition of
surface markers (Table 4) in 25uL per sample for 30-60 min. Cells were resuspended in Stain
Buffer (PBS+2% FBS) and data were acquired on LSRFortessa and analysed in FlowJo.

Cytotoxic assay

Peptide pulsing of eAPCs

[0167] 2 x 10% cells were pulsed with 1 uM NLVPMVATV (SEQ ID NO: 3) peptide in 2 ml
complete Roswell Park Memorial Institute (RPMI) medium overnight, harvested, washed 3x
with PBS and resuspended in complete RPMI.

Preparation of Antigen-specific CD8+ T cells

[0168] Antigen-specific CD8+ T cells were derived from PBMCs from a healthy donor. Cells
were stained with surface antibodies against CD markers. Specific T-cell populations were
sorted using BD Influx Cell Sorter, counted and stored in liquid nitrogen. One day prior to the
experiment the cells were thawed and rested overnight in complete OSG medium. Cells were
counted and resuspended in complete OSG medium.

Co-culturing eAPCs and Antigen specific CD8+ cells

[0169] Peptide pulsed and unpulsed eAPCs were co-cultured with the cytotoxic CD8+ T cells.
10 000 eAPCs were seeded per well in a 96-well plate (in 50 pl complete RPMI). eAPCs were
co-cultured with the CD8+ T cells in increasing ratios. The ratios tested were eAPCs alone 1:0
(eAPC:CD8+), 1:1 (eAPC:CD8+), 1:8 (eAPC:CD8+) in a total volume of 100ul. Cells were co-
cultured for 4 -5 hours.
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Staining

[0170] Cells were transferred from the wells to microtubes (one well -> one microtube), 400 pl
RPMI was added per tube. Cells were centrifuged for 3 min at 400 g, supernatant aspirated
and cell pellets were resuspended in 25 pl stain mix or RPMI (unstained controls) (Stain mix:
AnnexinV BV711 + CD80 APC + CD8 APC-H7) and incubated for 20 min at RT and 450 rpm.
Staining was ended by addition of 400 pl RPMI per tube, subsequent centrifugation and
removal of the supernatant. Stains are described in Table 4. Cell pellets were resuspended in
150 yl RPMI containing 1 ug/ml propidium iodide (stained samples) or 150 ul RPMI (unstained
samples) and samples were transferred to 96-well plates for Fortessa acquisition.

Metal affinity chromatography

[0171] Peptides used for the pulsing experiments were purchased from Genscript Biotech.
APD-2: NLVPMVATYV (SEQ ID NO: 3) pp65 is wild type peptide and restricted to binding to HLA-
A*02:01, APD-21: NLGPMAAGYV (SEQ ID NO: 4) pp65 V3G, T8G, V6A triple mutant peptide of
ADP-2 NLVPMVATYV (SEQ ID NO:3) pp65, APD-11: VYALPLKML (SEQ ID NO: 5) is a wild type
peptide restricted to binding to HLA-A*24:02

[0172] Cells were cultured in RPMI supplemented with 10% FBS at 37°C and 5% CO». On the

day of the experiment, cells were harvested, washed twice in warm PBS 1x, re-seeded at

2x10% cells/ml and pulsed with 1 uM peptides for 2 hours. Pulsed cells were harvested, washed
twice with ice-cold PBS and lysed in ice-cold lysis buffer (150 mM Sodium chloride (NaCl), 50
mM Tris pH 8, 1% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), 5
mM Imidazole, 0,2 mM iodoacetamide and 1x Halt protease inhibitor cocktail (Thermo
Scientific)), vortexed and incubated at 4°C for 20 minutes.

[0173] Cleared lysate was mixed with HisPur™ nickel-nitriloacetic acid (Ni-NTA) Resin (Thermo
Scientific) and rotated for 2 hours at 4°C. After removal of the lysate unbound fraction, the
resin was washed twice with high salt buffer (250 mM NaCl, 50 mM Tris pH 8, 25 mM
Imidazole) and twice with low salt buffer (50 mM NaCl, 50 mM Tris pH 8). Washed beads were
harvested in low salt wash buffer and transferred to spin columns (Thermo Scientific). The
bound fraction was eluted in 10% acetic acid and ultrafiltered over 3kD Nanosep Omega
columns (Pall). The peptide fraction was subjected to liquid extraction by mixing 1:1 with water-
saturated ethyl-acetate, extensive vortexing and removal of the organic phase. Subsequent
solid phase extraction was performed on stage tips assembled with 2 layers Empore Styrene
Divinylbenzene -Reversed Phase Sulphonate (SDB-RPS) matrix 47mm disks (3M). The SDB-
RPS membrane was activated with acetonitrile and equilibrated with SDB wash buffer (0.2%
TFA, milli-Q, pH <2) prior to sample loading. The SDB membrane was then washed twice prior
to elution of the absorbed peptide fraction in elution buffer (80% acetonitrile (ACN), 1% NH3,
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milli-Q, pH=10). Samples were transferred to HPLC-glass vials, vacuum-dried and stored at
-20°C prior to LC-MS/MS analysis.

Mass spectrometry

[0174] Peptides were re-suspended in 10 ul Solvent A (3% ACN, 0.1% formic acid (FA), MQ)
prior LC-MS/MS analysis. Each sample was analyzed on a Q Exactive HF (Thermo Fisher,
Germany) connected to a Dionex nano-UHPLC system (Thermo Fisher Scientific) by injecting
8 ul from each sample vial. The UHPLC was equipped with a trap column (Acclaim PepMap
100, 75 ym x 2 cm, nanoviper, C18, 3 um, 100 A; Thermo Fisher Scientific) and an analytical
column (PepMap RSLC C18, 2 um, 100 A, 50 ym x 50 cm; Thermo Fisher Scientific) heated to
50 °C. Mobile-phase buffers for nLC separation consisted of Solvent A and Solvent B (95%
ACN, 0.1% FA, MQ). The peptides were eluted during a 30 min gradient and directly sprayed
into the mass spectrometer. The flow rate was set to 400 nL/min, and the LC gradient was as
follows: 2-5 % solvent B within 5 min, 5-40 % solvent B within 30 min, 40-47 % solvent B within
5 min, 47-100 % solvent B within 5 min and 100 % B for 8 min and 2 % solvent B for 5 min.
Nano spray was achieved with an applied voltage of 1.8 kV.

[0175] The mass spectrometer was programmed in a data-dependent acquisition (DDA) mode
(top 10 most intense peaks) and was configured to perform a Fourier transform survey scan
from 400 to 1600 m/z (resolution 60,000 at 200 m/z), AGC target 1e6, maximum injection time
250 ms. MS2 scans were acquired on the 10 most-abundant MS1 ions of charge state 1-7
using a quadrupole isolation window of 1.2 m/z for HCD fragmentation and dynamic exclusion
at 30 s.

Data analysis

[0176] Raw MS files were searched using MaxQuant (version 1.5.6.5) against a peptide
fastafile including the peptides used in the experiment, supplemented with a list of common
LC-MS/MS contaminants. Digestion specificity was set to unspecific and peptide variable
modifications was set to allow Oxidation (M), the first search tolerance set to 20ppm and the
FOR was set to 1%.

Examples

Example 1: Deletion of an APX gene family by targeted mutagenesis

[0177] Herein describes how targeted mutagenesis of a family of antigen-presenting complex
(APX) encoding genes was achieved to produce the first trait of an engineered antigen-
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presenting cell (eAPC). The said trait is the lack of surface expression of at least one member
of the APX family.

[0178] In this example, the targeted APX comprised the three members of the major HLA class
| family, HLA-A, HLA-B and HLA-C in the HEK293 cell line. HEK293 cells were derived from
human embryonic kidney cells that showed endogenous surface expression of HLA-ABC.
Cytogenetic analysis demonstrated that the cell line has a near triploid karyotype, therefore the
HEK293 cells encoded three alleles of each HLA-A, HLA-B and HLA-C gene.

[0179] Targeted mutagenesis of the HLA-A, HLA-B and HLA-C genes was performed using an
engineered CRISPR/Cas9 system, in which, Cas9 nuclease activity was targeted to the HLA-A,
HLA-B and HLA-C loci by synthetic guide RNAs (gRNAs). 4 to 5 unique gRNAs were designed
to target conserved nucleotide sequences for each HLA gene locus and the targeted sites
were biased towards the start of the gene coding sequence as this was more likely to generate
a null allele. The gRNAs efficiency to induce a mutation at their targeted loci was determined
and the most efficient gRNAs were selected to generate the HLA-A, HLA-B and HLA-C null

(HLA-ABC"U!y HEK293 cell line.

[0180] Plasmid that encoded the optimal gRNAs targeting the HLA-A, HLA-B and HLA-C loci,
together with a plasmid that encoded Cas9-P2A-GFP were transfected into HEK293 cells as
described in the methods. Cells positive for Cas9-P2A-GFP plasmid uptake were FAC sorted
based on GFP fluorescence, 2 days after transfection (figure 28a). The GFP sorted cells were
further expanded for more than 5 days to allow sufficient time for gene editing events to occur,
and in the case of a detrimental mutation, to lose of expression of the residual endogenous
HLAI protein. After this growth period, the cells were stained with a pan-HLA-ABC antibody,
resulting in the identification of cells with reduced expressed HLA-ABC on their surface (figure
28b). The absence of pan-HLA-ABC antibody staining implied that each HLA-A, HLA-B and
HLA-C allele was mutated. Individual HLA-ABC negative cells were sorted and expanded to
represent a collection of monoclones.

[0181] monoclones were confirmed by lack of surface expression of HLA-ABC. It was
demonstrated that a subset of monoclones lacked surface expression of HLA-ABC, of which
three example monoclones, ACL-414, ACL-415 and ACL-416 are depicted in figure 29.
Further genetic characterization of the monoclones that lacked HLAI surface expression was
performed by determining that the cell lines possessed an underlying genetic mutation in all
alleles of the HLA-A, HLA-B and HLA-C genes (figure 30). Genetic characterization was
performed by PCR with primers that spanned the gRNA genomic target sites, for detection of
amplicon size changes and/or were used as a template for sequencing. Figure 30 shows a

selection of HLA-ABC™!l monoclones that contained genetic deletion in the alleles of HLA-A,
HLA-B and HLA-C genes detected by a shorter PCR amplicon compared to the amplicon size
of the founding cell line (e.g. ACL-414).

[0182] In conclusion, the genetically modified HEK293 cell lines, including, ACL-414, ACL-415
and ACL-416, were demonstrated to lack surface expression of the HLA-ABC and therefore
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possessed the first trait of an engineered antigen-presenting cell (eAPC).

Example 2: Generation of an eAPC containing Component B

[0183] Herein describes how Component B was stably integrated into the monoclone line
ACL-414 to produce the second trait of an e APC. The said second trait contained at least one
genomic receiver site for integration of at least one ORF, wherein the genomic receiver site
was a synthetic construct designed for recombinase mediated cassette exchange (RMCE).

[0184] In this example, the genomic integration site, component B, comprised of selected
genetic elements. Two unique heterospecific recombinase sites, FRT and F3, which flanked an
ORF that encoded the selection marker, blue fluorescent protein (BFP). Encoded 5' of the FRT
site, was an EF1a promoter and 3' of the F3 site was a SV40 polyadenylation signal terminator.
The benefit of positioning the non-coding cis-regulatory elements on the outside of the
heterospecific recombinase sites was so they are not required in the matched genetic donor
vector, component C. Therefore, after cellular delivery of the genetic donor vector, no transient
expression of the encoded ORF would be observed. This made the selection of successful
RMCE more reliable as the cellular expression of the ORF from the genetic donor vector would
mostly likely occur only after correct integration into component B as it now contained the
appropriate cis-regulator elements (see example 6).

[0185] To promote the stable genomic integration of component B into the genomic safe
harbour locus, AAVS1, a plasmid was constructed, wherein; the DNA elements of component B
were flanked with AAVS1 left and right homology arms. Each arm comprised of >500 bp of
sequence homologous to the AAVS1 genomic locus.

[0186] Stable integration of component B was achieved through the process of homology
directed recombination (HDR) at the genomic safe harbour locus, AAVS1. The ACL-414 cell
line was transfected with plasmid that encoded the optimal gRNAs targeting the AAVS1 locus,
plasmid that encoded Cas9-P2A-GFP and the plasmid that encoded component B genetic
elements flanked by AAVS1 left and right homology arms. Cells positive for Cas9-P2A-GFP
plasmid uptake were FAC sorted based on GFP fluorescence, 2 days after transfection (figure
31a). The GFP sorted cells were further expanded for greater than 7 days allowing sufficient
time for HDR to occur and to lose transient expression of the selection marker, BFP. After this
growth period, the cells were analysed on a FACS machine and individual BFP positive cells
were sorted and expanded to represent a collection of monoclones (figure 31¢).

[0187] Individual monoclone lines were selected as an eAPC on the basis of their maintained
BFP expression and for a single integration of component B into the desired AAVS1 genomic
location. Cell lines ACL-469 and ACL-470 represented monoclones with maintained BFP
expression (figure 32a and b). Genetic characterization was performed on DNA extracted
from monoclones ACL-469 and ACL-470 and demonstrated that their genomes integrated
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component B, and that component B has been integrated into the AAVS1 site (figure 33).
Confirmation of genomic integration was determined by the detection of a PCR amplicon of the
expected size that utilized primers specific for the Component B (figure 33a). Confirmation that
component B integrated into the AAVS1 site was determined by the detection of a PCR
amplicon of the expected size that utilized primers designed against the AAVS1 genomic
sequence distal to the region encoded by the homologous arms and a primer that is unique to
the SV40 pA terminator encoded by component B (Figure 33b). The copy-number of
component B was determined by digital drop PCR, in which the number of component B and
reference gene DNA molecules were measured and the ratio calculated (table 1). Monoclones
ACL-469 and ACL-470 contained a ratio of 1 component B molecule to 3 reference gene
molecules. When factored in that the founding HEK293 cell line has a near triploid karyotype,
this demonstrated a single integration of component B in ACL-469 and ACL-470 cell lines.

[0188] In conclusion, the genetically modified ACL-469 and ACL-470 cell lines, were HLA-

ABCMIl and contained a single copy of a synthetic genomic receiver site designed for RMCE
and therefore demonstrated the creation of an eAPC with a single synthetic integration
receiver site.

Example 3: Generation of an eAPC containing Component B and Component D

[0189] Herein describes how Component B and Component D were stably integrated into
the monoclone line ACL-414 to produce the second trait of an eAPC. The said second trait
contains two genomic receiver sites for integration of at least one ORF, wherein the genomic
receiver site was a synthetic construct designed for recombinase mediated cassette exchange
(RMCE).

[0190] This example uses the same methods and components as described in example 2 but
with the addition of a second genomic receiver site, Component D. Component D genetic
elements comprised of two unique heterospecific recombinase sites, F14 and F15, which were
different to component B. These sites flanked the ORF that encoded the selection marker, the
red fluorescent protein (RFP). Encoded 5' of the F14 site was an EF1a promoter and 3' of the
F15 site was a SV40 polyadenylation signal terminator. As in example 2, component D genetic
elements were flanked with AAVS1 left and right homology arms, each comprised of >500 bp of
sequence homologous to the AAVS1 genomic locus.

[0191] Component B and component D were integrated into the AAVS1 as described in
example 2 but with the addition of the plasmid that encoded component D elements, to the
transfection mix. Cells positive for Cas9-P2A-GFP plasmid uptake were FAC sorted based on
GFP fluorescence, 2 days after transfection (figure 31a). The GFP sorted cells were further
expanded for greater than 7 days, after which, the cells were analysed on a FACS machine
and individual BFP and RFP positive cells were sorted and expanded to represents a collection
of monoclones (figure 31b).
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[0192] Individual monoclone lines were selected as an eAPC on the basis of their maintained
BFP and RFP expression and for a single integration of component B and a single integration
of component D into different AAVS1 alleles. Cell line ACL-472 was a representative
monoclone with maintained BFP and RFP expression (figure 32¢). As described in example 2,
genetic characterization was performed on DNA extracted from monoclone ACL-472 and
demonstrated that their genomes integrated component B and component D, and that both
components integrated into the AAVS1 site (figure 33). The copy-number of both component B
and D was determined by digital drop PCR, in which the number of component B, D and
reference gene DNA molecules was measured and the ratio calculated. The monoclone ACL-
472 contained a ratio of 2 component B and D molecules to 3 reference gene molecules
(Table 2). When factored in that the founding HEK293 cell line has a near triploid karyotype,
this demonstrated a single integration of component B and a single integration of component D
into the ACL-472 cell line.

[0193] In conclusion, the genetically modified ACL-472 cell line, was and contained a single
copies of the synthetic genomic receiver site component B and component D, designed for
RMCE and therefore demonstrated the creation of an eAPC with two unique synthetic
integration receiver sites.

Example 4: An eAPC-p constructed in one step with one integration couple wherein
component C' encoded a single HLAI ORF

[0194] Herein describes how an eAPC-p was constructed in one step with one integration
couple, wherein, the genomic receiver site, component B, is a native genomic site and the
genetic donor vector, component C', comprised a single ORF that encoded one analyte
antigen-presenting complex (aAPX).

[0195] In this example, the eAPC was a genetically modified ARH-77 cell line, designated ACL-
128, wherein, two families of APX, major HLA class | family and HLA class |I, were mutated.
The founding cell line, ARH-77, is a B lymphoblast derived from a plasma cell leukemia that
showed strong HLA-A,B,C and HLA-DR,DP,DQ cell surface expression. Cytogenetic analysis
demonstrated that the founding ARH-77 cell line has a near diploid karyotype, but also
displayed a chromosome 6p21 deletion, the region encoding the HLA locus. DNA sequencing
of the ARH-77 locus confirmed that ARH-77 encoded only a single allele of HLA-A, HLA-B and
HLA-C and HLA-DRA, HLA-DRB, HLA-DQA, HLA-DQB, HLA-DPA and HLA-DPB gene families.

[0196] The and HLA-DR,DP,DQ™! cell line ACL-128, was generated by CRISPR/cas9 targeted
mutagenesis with gRNA targeting the HLA-A, HLA-B and HLA-C and HLA-DRA, HLA-DRB,
HLA-DQA, HLA-DQB, HLA-DPA and HLA-DPB gene families using the method described in
Example 1. Surface labeling with a pan-anti-HLA-ABC or pan-anti-HLA-DR,DP,DQ confirmed
that ACL-128 lacked surface expression of both APX families, figure 34b and 35 and figure
37b, respectively.



DK/EP 4039800 T3

[0197] In this example, the genomic receiver site, component B, was the native AAVS1
genomic site, and the targeted integration was achieved through HDR. The genetic donor
vector, component C, was matched to component B, by component C encoding the AAVS1 left
and right homology arms, each comprised of >500 bp of sequence homologous to the AAVS1
genomic locus. Between the AAVS1 left and right homology arms, the plasmid encoded a CMV
promoter and a SV40 terminator. The aAPX of interest was cloned between the promoter and
the terminator, generating component C'. In this example, component C' comprised a single

ORF that encoded one aAPX, the HLA-A*24:02 or HLA-B*-07:02, denoted component C'HLA-

A*24:02 and component C'HMA-B™-07:02 ragpectively.

[0198] The process to construct an eAPC-p was via HDR induced integration of component C'
into component B to produce component B'. The cell line ACL-128 was electroporated with
plasmids that encoded the optimal gRNAs targeting the AAVS1 loci, Cas9-P2A-GFP and
component C'. Cells positive for Cas9-P2A-GFP plasmid uptake were FAC sorted based on
GFP fluorescence, 2 days after electroporation (figure 34a). The GFP sorted cells were further
expanded for greater than 7 days allowing sufficient time for HDR to occur and lose transient
expression of the aAPX. After this growth period, the cells were stained with a pan-HLA-ABC
antibody, resulting in the identification of cells that gained expression of an analyte HLA on
their surface (figure 34b). The presence of pan-HLA-ABC antibody staining implied that the
analyte HLA ORF encoded in component C' had integrated into the genome. Individual HLA-
ABC positive stained cells were sorted and expanded to represent a collection of eAPC-p
monoclones.

[0199] Individual monoclone lines were selected as an eAPC-p on the basis of their maintained
analyte HLA surface expression and the integration of the analyte ORF into the genomic
receiver site, creating component B'. Cell lines ACL-321 and ACL-331 were representative
monoclones with maintained analyte HLA surface expression of HLA-A*24:02 or HLA-B*-07:02
respectively (figure 35). Genetic characterization was performed on DNA extracted from
selected monoclones ACL-321, ACL-327, ACL-331 and ACL-332 and demonstrated that their
genomes integrated component C', and that the integration occurred in the AAVS1 genomic
receiver site, generating component B' (figure 36). Confirmation of genomic integration was
determined by the detection of a PCR amplicon of the expected size using primers specific to
the Component C' (figure 36a). Presence of component B' was confirmed by the detection of a
PCR amplicon of the expected size using primers designed against the AAVS1 genomic
sequence distal to region encoded by the homologous arms and a primer unique to the SV40
pA terminator linked to the analyte HLA ORF (figure 36b).

[0200] In conclusion, the generation of the genetically modified ACL-321 and ACL-331 cell
lines, which contained a copy of the aAPX HLA-A*24:02 or HLA-B*-07:02 ORF, respectively,
within the genomic receiver site, component B', resulted in the said analyte aAPX to be the only
major HLA class | member expressed on the cell surface. Therefore, this demonstrated the
creation of two defined eAPC-p cell lines using the multicomponent system.
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Example 5: An eAPC-p constructed in one step with one integration couple, wherein
component C' encoded a paired HLAIl ORF

[0201] Herein describes how an eAPC-p was constructed in one step with one integration
couple, wherein, the genomic receiver site, component B, was a native genomic site and the
genetic donor vector, component C' comprised a single ORF that encoded two aAPX chains.

[0202] This example used eAPC, ACL-128, and component B, both of which are defined in
example 4. However component C' comprised a single ORF that encoded an HLA-DRA*01:01
allele linked to an HLA-DRB1*01:01 allele by a viral self-cleaving peptide element, or HLA-
DPA1*01:03 allele linked to an HLA-DPB1*04:01 allele by a viral self-cleaving peptide element,
denoted component C'HLA-DRA*01:01HLA-DRST01:01 gnd  component C'HLA-DPAT*01:03/HLA-

DPB1*04:01 respectively. The viral self-cleaving peptide element encoded a peptide sequence,
that when transcribed resulted in self-cleavage of the synthesized peptide and produced two
polypeptides defining each HLA chain.

[0203] Within example 4, described the process to construct an eAPC-p with the exception that
identification of cells that gained expression of an analyte HLA on their surface were assed by
cell surface labelling with a pan-anti-HLA-DR,DP,DQ antibody (figure 37). The presence of
pan-anti-HLA-DR,DP,DQ antibody staining implied that the analyte HLA ORF encoded in
component C' had integrated into the genome. Individual HLA-DR,DP,DQ positive stained cells
were sorted and expanded to represent a collection of eAPC-p monoclones.

[0204] Individual monoclone lines were selected as an eAPC-p on the basis of their maintained
analyte HLA surface expression and the integration of the analyte ORF into the genomic
receiver site, creating component B' as described in example 4. Cell lines ACL-341 and ACL-
350 were the representative monoclones with maintained analyte HLA surface expression of
HLA-DRA*01:01/HLA-DRB1*01:01 or HLA-DPA1*01:03/HLA-DPB1*04:01 (figure 38).

[0205] In conclusion, the generation of the genetically modified ACL-341 and ACL-350 cell
lines, which contained a copy of the aAPX HLA-DRA*01:01/HLA-DRB1*01:01 or HLA-
DPA1*01:03/HLA-DPB1*04:01 ORF, respectively, within the genomic receiver site, component
B', resulted in the said analyte aAPX to be the only major HLA class || member expressed on
the cell surface. Therefore, this demonstrated the creation of two defined eAPC-p cell lines
using the multicomponent system.

Example 6: An eAPC-p constructed in one step with one integration couple wherein
component B was a synthetic construct

[0206] Herein describes how an eAPC-p was constructed in one step with one integration
couple, wherein, the genomic receiver site, component B, was a synthetic construct designed
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for RMCE genomic site and the genetic donor vector, component C' comprised a single ORF
that encoded one aAPX.

[0207] In this example, the genomic integration site, component B, comprised of selected
genetic elements. Two unique heterospecific recombinase sites, FRT and F3, which flanked
the ORF that encoded the selection marker, blue fluorescent protein (BFP). Encoded 5' of the
FRT site, was an EF1a promoter and 3' of the F3 site was a SV40 polyadenylation signal
terminator. The genetic elements of component B, were integrated in the cell line ACL-128 by
electroporation with the same plasmids as described in example 2. Individual monoclone lines
were selected on the basis of their maintained BFP expression and were genetically
charaterised to contain a single integration of component B into the desired AAVS1 genomic
location as described in example 2 (figure 39a). The resulting eAPC cell line, ACL-385, was

and HLA-DR,DP,DQ™!" and contained a single copy of a synthetic genomic receiver site,
component B, designed for RMCE

[0208] The genetic donor vector, component C was matched to component B, as component C
encoded the same heterospecific recombinase sites, FRT and F3. The aAPX ORF of interest,
additionally encoded a kozak sequence just before the start codon, was cloned between the
two heterospecific recombinase sites, and generated component C'. In this example,
component C' comprised a single ORF that encoded one aAPX, the HLA-A*02:01, designated

component C'FRTHLA-A®02:01F3

[0209] An eAPC-p was created through RMCE by electroporation of the cell line ACL-385 with

plasmid that encoded the Tyr-recombinase, Flp, together with component C'FRTHLA-A®02:01F3
4-10 days after electroporation, individual cells positive for HLAI surface expression and
negative/reduced for the fluorescent protein marker, BFP, encoded by component B selection
marker, were sorted. Individual outgrown monoclone lines were selected on the basis of their
maintained HLAI allele expression and loss of BFP florescence, which indicated that the
expected RMCE occurred. To identify such monoclones, both phenotypic and genetic tests
were performed. Firstly, all monoclone cell lines were screened for cell surface HLA-ABC
expression and lack of BFP florescence (figure 39). Genomic DNA was extracted from such
cell lines, e.g. ACL-421 and ACL-422, and the integration of component C' into component B
that generated component B' was confirmed by the detection of a PCR product specific to
component B' (figure 40).

[0210] In conclusion, the generation of the genetically modified ACL-421 and ACL-422 cell
lines, which contained a copy of the aAPX HLA-A*02:01 ORF, respectively, within the synthetic
genomic receiver site, component B', resulted in the said analyte aAPX to be the only major
HLA class | member expressed on the cell surface. Therefore, this demonstrated the creation
of two defined eAPC-p cell lines using the multicomponent system.

Example 7: An eAPC-pa constructed in two steps with two integration couples
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[0211] Herein describes how an eAPC-pa was constructed in two steps. Step 1, wherein the
genomic receiver site, component B, was the native genomic site and the genetic donor vector,
component C' comprised a single ORF that encoded one aAPX. Step 2 the genomic receiver
site, component D, was a second native genomic site and the genetic donor vector, component
E' comprised a single ORF that encoded one analyte antigen molecule (aAM).

[0212] In this example, step 1 was performed, wherein, the eAPC was ACL-128, the genomic

receiver site, component B, was the mutated HLA-A allele genomic site, designated HLA—A”“”,
and the targeted integration was achieved through HDR. The genetic donor vector, component

C was matched to component B, by the component C encoding the HLA-A™!! |eft and right
homology arms, each comprised of >500 bp of sequence homologous to the HLA-AM!

genomic locus. Between the HLA-AM! |eft and right homology arms, the plasmid encoded a
CMV promoter and SV40 terminator. The aAPX of interest was cloned between the promoter
and terminator, generating component C'. In this example, component C' comprised a single

ORF that encoded one aAPX, the HLA-A*02:01 or HLA-B*-35:01, denoted component C'HLA-

A*02:01 component C'HHA-5-35:01 respectively.

[0213] The integration of component C' into component B, and selection of monoclone eAPC-p
cell lines was as described in example 4, with the exception that a gRNA targeting the HLA-

A"l genomic locus was used to promote HDR integration of component C' into component B.
Monoclone eAPC-p ACL-191 and ACL-286 expressed HLA-A*02:01 or HLA-B*-35:010n the cell
surface, respectively (figure 41a).

[0214] In this example, step 2 was performed, wherein, the genomic receiver site, component
D, was the native AAVS1 genomic site, and the targeted integration was achieved through
HDR. The genetic donor vector, component E was matched to component D, by the
component E that encoded the AAVS1 left and right homology arms, each comprised of >500
bp of sequence homologous to the AAVS1 genomic locus. Between the AAVS1 left and right
homology arms, the plasmid encoded a CMV promoter and SV40 terminator. The aAM of
interest was cloned between the promoter and terminator, generating Component E'. In this
example, component E' comprised a single ORF that encoded the selection marker, GFP,

linked to the aAM ORF, encoding hCMV-pp65, denoted component E'GFP2APP83 The viral self-
cleaving peptide element encoded a peptide sequence, that when transcribed resulted in self-
cleavage of the synthesized peptide and produced two polypeptides, GFP and the intracellular
hCMV-pp65 protein.

[0215] The integration of component E' into component D, was as described in example 4.
Individual monoclone lines, ACL-391 and ACL-395, were selected as an eAPC-pa on the basis

of their maintained selection marker GFP expression (figure 41b).

[0216] In conclusion, the genetically modified ACL-391 and ACL-395 cell lines, which
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contained a copy of the aAPX HLA-A*02:01 or HLA-B*-35:01 ORF, respectively, within the
genomic receiver site, component B', and aAM ORF pp65 within the genomic receiver site
component D' were generated. These genetic modifications resulted in the said aAPX to be the
only major HLA class | member expressed on the cell surface of a cell that also expressed the
said aAM. Therefore, this demonstrated the creation of two defined eAPC-pa cell lines using
the multicomponent system.

Example 8: An eACP-p constructed in one step wherein Component C' encoded a
single HLAI ORF.

[0217] Herein describes the conversion of an eAPC to an eAPC-p in one step, via a single
integration couple event, to integrate a single HLAI ORF encoding analyte antigen-presenting
complex (aAPX), and wherein the eAPC contains two synthetic genomic receiver sites
Component B and Component D designed for RMCE based genomic integration. The
created eAPC-p has one genomic receiver site occupied by the HLAI ORF (Component B’),
while the remaining Component D is available for an additional integration couple event
(Figure 6).

[0218] This example used the eAPC generated in example 3 (ACL-402) containing
Components B and D, wherein Component B comprises two unique heterospecific
recombinase sites, F14 and F15, which flank the ORF that encodes the selection marker, red
fluorescent protein (RFP). Encoded 5' of the F14 site is an EF1a promoter and 3' of the F15
site is a SV40 polyadenylation signal terminator. Component D comprises of two unique
heterospecific recombinase sites, FRT and F3, flanking the ORF that encodes the selection
marker, blue fluorescent protein (BFP). Encoded 5' of the FRT site, is an EF1a promoter and 3'
of the F15 site is a SV40 polyadenylation signal terminator.

[0219] This example utiizes a Component C genetic donor vector, comprising of
heterospecific recombinase sites, F14 and F15 and thus is matched to Component B. Two
independent Component C' were generated from Component C, wherein one vector (V4.H.5)
comprises of a Kozak sequence, start codon and aAPX ORF encoding HLA-A*02:01 between
the F14/F15 sites, and wherein the second vector (V4.H.6) comprises a Kozak sequence, start
codon and aAPX ORF encoding HLA-A"24:02 between the F14/F15 sites.

[0220] The eAPC (ACL-402) was independently combined with vector encoding expression of
the RMCE recombinase enzyme (Flp, V4.1.8) and each Component C' of either V4.H.5 or
V4.H.6 by electroporation. Cells were cultured for 4-10 days, whereupon cells were selected
and sorted based on loss of the selection marker of integration, RFP, and gain of HLAI on the
surface of the cell. Subsequently, individual outgrown monoclone lines were characterized,
confirmed and selected on the basis of the gain of HLAI surface expression and the loss of the
RFP fluorescence, which indicated that the expected conversion of Component B to B' had
occurred. Selected eAPC-p monoclones ACL-900 (V4.H.5, HLA-A*02:01) and ACL-963
(V4.H.6, HLA-A*24:02) are negative for RFP compared to the parental ACL-402 cell line and
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maintain HLAI surface expression (Figure 43a). Furthermore, both monoclones retain
expression of the BFP selection marker of integration, indicating that Component D remains
uncoupled and isolated from Component B integration couple events. To further characterize
the eAPC-p monoclones, genomic DNA was extracted from the cells, and confirmation of the
integration couple between Component C' and Component B, generating Component B,
was conducted by detection of a PCR product specific to Component B’ (Figure 43b, Table 5
lists primers used for genotyping). The primers were designed to target a region adjacent to
the genomic receiver site (primer ID 8.B.3), and a region within the integration couple event
(primer ID 15.H.2). Amplification occurred only in cases of specific integration, while no product
was generated from the control (ACL-3) or from off-target recombination.

[0221] In summary, this example demonstrates two specific examples of conversion of an
eAPC to an eAPC-p, using the multicomponent system, wherein two different aAPX are
individually delivered (Component C') and integrated into a single genomic receiver site
(Component B) by RMCE genomic integration method, subsequently creating a limited library
comprising two discrete eAPC-p. Furthermore, it was demonstrated that second genomic
receiver site (Component D) was insulated and unaffected by the Component B/Component
C' integration couple.

Example 9: An eAPC-pa constructed from eAPC-p in one step, wherein Component D’
encodes a single analyte antigen molecule (aAM) ORF.

[0222] The present example describes how multiple eAPC-pa are constructed from a parental
eAPC-p (described in example 8) in parallel, wherein the genomic receiver site, Component
D, is targeted for integration by a primed genetic donor vector, Component E', comprising of a
single ORF that encodes an aAM.

[0223] In the present example, the parental eAPC-p line used was ACL-900, which expresses
a single aAPX (HLA-A*02:01) that is integrated at Component B' (described in example 8).
The eAPC-p Component D remains open and comprises of two unique heterospecific
recombinase sites, FRT and F3, which flank the ORF that encodes the selection marker, blue
fluorescent protein (BFP). Encoded 5' of the FRT site, is an EF1a promoter, and 3' of the F15
site is a SV40 polyadenylation signal terminator. The genetic donor vector, Component E was
used in this example and comprises of two heterospecific recombinase sites, F14 and F15,
thus being matched to Component D. In this example, the Component E was further primed
with one aAM ORF of interest selected from HCMVpp28 (V9.E.6), HCMVpp52 (VI.E.7), or
HCMVpp65 (V9.E.8), which also each encode a C-terminal c-myc tag. Furthermore, each
Component E’ further comprises of Kozak sequence and start codon immediately 5' of the
aAM ORF. Thus, a small discrete library of Component E' was created, comprising of three
vectors.

[0224] The eAPC-p (ACL-900, example 8) was independently combined with a vector
encoding expression of the RMCE recombinase enzyme (Flp, V4.1.8) and each Component
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E' of either V9.E.6, VO.E.7, or V9.E.8 by electroporation. Cells were incubated for 4-10 days to
allow for the integration couple to occur, whereupon, individual eAPC-pa were selected and
single cell sorted (monoclones) based on diminished signal of the selection marker of
integration BFP, encoded by Component D (Figure 44a). Subsequently, the individual
outgrown monoclone eAPC-pa, ACL-1219 (pp28), ACL-1227 (pp52) and ACL-1233 (pp65),
were characterized, confirmed and selected on the basis of the loss of BFP expression and
maintained surface expression of HLAI (aAPX at Component B') (Figure 44b), which indicated
that the expected conversion of Component D to D' had occurred,. Furthermore, the
maintained surface expression of the aAPX indicated that Component B' was unaffected and
isolated from the integration couple event between Component D and Component E'. To
further characterize the selected eAPC-pa monoclones, genomic DNA was extracted, and
confirmation of the integration couple between Component E' and Component D, generating
Component D' was conducted by detection of a polymerase chain reaction (PCR) amplicon
product specific to Component D'. In Figure 44c two monoclones representing each of the
three eAPC-pa are shown wherein amplicon products of the expected size for aAM ORF pp28
(0.8kb), pp52 (1.5kb) and pp65 (1.9kb) are observed, further confirming that the expected
integration event has occurred.

[0225] In summary, this example demonstrates three specific examples of conversion of an
eAPC-p to an eAPC-pa, using the multicomponent system, wherein three different aAM are
individually delivered (Component E") and integrated into a single genomic receiver site
(Component D) by RMCE genomic integration method, subsequently creating a small library
of three discrete eAPC-pa carrying three different aAM ORF. Furthermore, it was
demonstrated that the loaded second genomic receiver site (Component B') was insulated
and unaffected by the Component D/IComponent E’ integration couple.

Example 10: Shotgun integration of multiple analyte antigen molecule ORF into eAPC-p
to create a pooled eAPC-pa library in a single step

[0226] Herein describes how a pool of primed Component E vectors (Component E")
collectively encoding multiple aAM ORF (HCMVpp28, HCMVpp52 and HCMVpp65) were
integrated in a single step into the parental eAPC-p (described in example 8) to create a
pooled eAPC-pa library, wherein each individual cell integrates a single random analyte antigen
ORF derived from the original pool of vectors, at Component D', such that each eAPC-pa
expresses a single random aAM, but collectively the pooled library of eAPC-pa represents all of
aAM ORF encoded in the original pooled library of vectors. This method of creating a pool of
eAPC-pa each expressing a single random ORF from a pool of vectors is referred to as
shotgun integration.

[0227] In this example, the parental eAPC-p line used was ACL-905 expressing an aAPX
(HLA-A"02:01) on the cell surface (the construction of the cell line is described in example 8),
Component D and Component E' were as described in example 9. In this example, the
individual Component E' vectors of example 9, V9.E.6, VO9.E.7, and V9.E.8, comprising of aAM
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ORFs encoding HCMVpp28, HCMVpp52 and HCMVpp65, respectively, were mixed together in
a 1:1:1 molar ratio to create a vector pool. The eAPC-p (ACL-905) was combined with the
vector pool and a vector encoding expression of the RMCE recombinase enzyme (Flp, V4.1.8)
by electroporation. Cells were incubated for 4-10 days, whereupon, cells were bulk sorted on
the basis of having diminished signal for the selection marker of integration, BFP, encoded by
Component D (figure 45a) generating the pooled cell population ACL-1050 (figure 45b).

[0228] To confirm that the eAPC-pa pool ACL-1050 was comprised of a mixture of eAPC-pa
each encoding one of HCMVpp28, HCMVpp52 or HCMVpp65 at Component D', individual
cells were single cell sorted from the polyclonal population and 12 were selected at random for
genetic characterisation. Amplification of the Component D' was conducted using primers that
span each aAM (table 5, Figure 45c). In Figure 45c, the amplicons generated for the 12 cells
are presented, with controls, wherein for all 12 cells a single amplicon product consistent with
the expected size for one of the aAM ORF, pp28 (0.8kb), pp52 (1.5kb) and pp65 (1.9kb) is
observed. Furthermore, each aAM OREF is identified at least once indicating that the eAPC-pa
pool is comprised of a mixture eAPC-pa wherein each eAPC-pa in the pool has integrated a
single random aAM ORF from the original pool of three vectors.

[0229] In conclusion, this example demonstrates the use of the multicomponent system for
conversion of an eAPC-p into a pooled library of eAPC-pa in a single step, by combining the
eAPC-p with a pooled library of three vectors encoding three different analyte antigen
molecules (Component E') and utilizing a RMCE based shotgun integration approach.
Furthermore, this example demonstrates that each eAPC-pa within the generated pool of
eAPC-pa has integrated a single random aAM ORF from the original vector pool by an
integration couple event between Component D and Component E', and that all three aAM
ORF are represented within the generated pooled eAPC-pa library.

Example 11: Demonstration of two eAPC:T systems for eAPC-pa induced antigen-
specific outgrowth of primary CD8 cells

[0230] The present example describes the compilation and use of two different eAPC:T
systems, wherein the first system is comprised of an eAPC-p, an exogenously provided aAM
(to create an aAPX: aAM presented by the eAPC-p), and analyte primary T-cells (analyte TC).
The second system is comprised of an eAPC-pa presenting an aAPX: aAM, and analyte
primary T-cells (analyte TC). The eAPC:T systems were used to identify and select analyte TC
bearing a TCR that enables a response to analyte antigen (aAPX:aAM), via detection of
proliferation and outgrowth of specific analyte TC.

[0231] In this example, an induced outgrowth of antigen-specific CD8+ T cells from a CD8+ T
cell population was monitored, wherein the aAPX is HLA-A*02:01 (HLA class |) and the aAM is
peptide NLVPMVATYV. In the system comprised of eAPC-p the aAM is provided exogeneously,
and in the system comprised of the eAPC-pa the aAM is natively processed from the integrated
analyte antigen ORF (HCMVpp65). The cell line used are eAPC-p (ACL-191) and eAPC-pa
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(ACL- 390), being described in examples 8 and 9, respectively. The analyte TC, CD8+ T cells,
were isolated from a healthy blood donor that was known to have CD8+ T cells specific for the
NLVPMVATYV peptide as described in materials and methods.

[0232] In the first eAPC:T system, the eAPC-p (ACL-191) were pulsed with an exogenous
NLVPMVATV (SEQ ID NO: 3) peptide at a peptide concentration of 1 uyM for 4 hours as
described in materials and methods. The eAPC:T system was then compiled by combing the
pulsed eAPC-p cells with analyte TC (bulk sorted CD8+ T cells), and co-cultured under
standard conditions. After 9 days of co-culture the cells were analysed for cells that formed co-
operative complexes between analyte antigen and analyte TCR, by specific staining with CMV-
A.0201-NLVP tetramer (aAPX:aAM as a soluble reagent) to detect outgrowth of antigen-
specific T-cells by flow cytometry. Comparison was made to eAPC:T systems comprising
unpulsed ACL-191 cells (no aAM), or pulsed HLA null ACL-128 (no aAPX) cells or unpulsed
HLA null ACL-128 cells (no aAPX:aAM). Significant outgrowth of analyte TC (CD8+ T cells) that
are confirmed specific for the NLVPMVATV (SEQ ID NO: 3) peptide by HLA-A*02:01-NLVP
tetramer staining are only observed in the eAPC:T system comprising e APC-p cells pulsed with
NLVPMVATYV (figure 46 a).

[0233] The second eAPC:T system was compiled by combining the eAPC-pa (ACL-390) cells
with the analyte TC (bulk sorted CD8+ T cells) and co-cultured under standard conditions (see
material and methods). As with the first system, co-cultured cells were harvested and analysed
for cells that were induced by analyte antigen and analyte TCR, by specific staining with CMV-
A.0201-NLVP tetramer (aAPX:aAM as a soluble reagent). Figure 46b demonstrates antigen-
specific outgrowth of primary CD8+ T cells co-cultured with eAPC-pa (ACL-390) cells with
stable expression of the pp65 ORF (aAM) and aAPX (HLA-A*02:01), and thus present an
aAPX:aAM. Comparison was made to two other eAPC:T systems with eAPC-p (ACL-191) cells
without stable expression of the pp65 ORF and to HLA null ACL-128 cells. Outgrowth of CD8+
T cells specific for the aAPX:aAM present by eAPC-pa were identified by CMV-A.0201-NLVP
tetramer staining only in the eAPC:T system with eAPC-pa (ACL-390)

[0234] In summary, this example demonstrated use of eAPC-p and eAPC-pa cells in compiled
eAPC-T systems that can selectively outgrow analyte TC (CD8+ T-cells) for identification and
selection of analyte TC bearing analyte TCR enable T-cell stimulation by the presented analyte
antigen (aAPX:aAM). Furthermore, the two eAPC:T systems demonstrated the use of different
forms of aAPX:aAM wherein one system the aAM is provided exogenously and in the second
system the aAM is provided from the expressed integrated analyte antigen ORF of eAPC-pa
through processing by the native cellular machinery.

Example 12: Demonstration of an eAPC:T system for e APC-pa induced antigen-specific
outgrowth of primary CD4 cells

[0235] The present example describes the compilation and use of an eAPC:T systems,
wherein the system is comprised of an eAPC-p, an exogenously provided aAM (to create an
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aAPX: aAM presented by the eAPC-p), and analyte primary T-cells (analyte TC). The eAPC:T
system was used to identify and select analyte TC bearing a TCR that enables a response to
analyte antigen (aAPX:aAM) and analyte TCR by detection of proliferation and outgrowth of
specific analyte TC.

[0236] In this example, an induced outgrowth of antigen-specific CD4+ T cells from a CD4+ T
cell population by a specific aAPX:AM, wherein the aAPX is HLA-DRB1*01:01 (HLA class II)
and the aAM is peptide PKYVKQNTLKLAT (SEQ ID NO: 1), provided exogenously. The cell line
used was eAPC-p (ACL-341) constructed in a similar manner as described in examples 8 and
9. The analyte TC, CD4+ T cells, were isolated from a healthy blood donor that was known to
have CD4+ T cells specific for the PKYVKQNTLKLAT peptide as described in materials and
methods section.

[0237] In this example, the eAPC-p (ACL-341) were pulsed with an exogenous
PKYVKQNTLKLAT (SEQ ID NO: 1) peptide at a peptide concentration of 1 pM for 2 hours as
described in materials and methods section. The eAPC:T system was compiled by combing the
pulsed eAPC-p cells with the analyte TC (bulk sorted CD4+ T cells), and co-cultured under
standard conditions. After 7 days of co-culture the cells were analyzed for cells that were
induced by the presented aAPX:aAM, by specific staining with INFL-DRB1*01:01-PKYV
tetramer (aAPX:aAM as a soluble reagent) to detect outgrowth of antigen-specific T-cells by
flow cytometry. Comparison was made to an eAPC:T system comprising unpulsed ACL-341
cells (aAPX:CM). Significant outgrowth of analyte TC (CD4+ T cells) that are confirmed specific
for the PKYVKQNTLKLAT (SEQ ID NO: 1) peptide by CMV-A.0201-NLVP tetramer staining are
only observed in the eAPC:T system comprising eAPC-p cells pulsed with PKYVKQNTLKLAT
(figure 47)

[0238] In conclusion, this example demonstrated use of eAPC-p of HLA class Il basis compiled
into eAPC:T systems that can selectively outgrow analyte TC (CD4+ T-cells) for identification
and selection of analyte TC bearing analyte TCR that form co-operative complexes with the
presented analyte antigen (aAPX:aAM).

Example 13: Demonstration of an eAPC:T for eAPC-pa induced antigen-specific
cytotoxic action by co-cultured primary CD8 cells

[0239] The present example describes the compilation and use of two different eAPC:T
systems, wherein the first system is comprised of an eAPC-p, an exogenously provided aAM
(to create an aAPX: aAM presented by the eAPC-p), and analyte primary T-cells (analyte TC).
The second system is comprised of an eAPC-pa presenting an aAPX: aAM, and analyte
primary T-cells (analyte TC). The eAPC:T systems were used to confirm specificity of analyte
TC for presented analyte antigen (aAPX:aAM) by detection of cytotoxic action against the
eAPC-p or -pa by analyte TC.
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[0240] In this example, cytotoxic action of antigen-specific CD8+ T cells from a CD8+ T cell
population forming co-operative complexes between the analyte TCR and aAPXAM is
demonstrated, wherein the aAPX is HLA-A*02:01 (HLA class |I) and the aAM is peptide
NLVPMVATV (SEQ ID NO: 3). In the system comprised of eAPC-p the aAM is provide
exogenously, and in the system comprised of the eAPC-pa the aAM is natively processed from
the integrated analyte antigen ORF (HCMVpp65). The cell lines used are eAPC-p (ACL-191)
and eAPC-pa (ACL- 390) described in examples 8 and 9. The analyte TC, CD8+ T cells, were
isolated from a healthy blood donor that was known to have CD8+ T cells specific for the
NLVPMVATYV peptide as described in materials and methods section.

[0241] In the first eAPC:T system, the eAPC-p (ACL-191) were pulsed with an exogenous
NLVPMVATYV peptide at a peptide concentration of 1 uM for 2 hours as described in materials
and methods section. The eAPC:T system was then compiled by combing the pulsed eAPC-p
cells with the analyte TC (bulk sorted CD8+ T cells), and co-cultured under standard
conditions. Co-culture the cells were analysed for co-operative complexes between analyte
antigen and analyte TCR, by assessing the killing of eAPC-p cells by AnnexinV and PI staining
and flow cytometry. Comparison was made to eAPC:T systems comprising pulsed HLA null
ACL-128 cells (no aAPX) or unpulsed HLA null ACL-128 cells (no aAPX:aAM). Significant
cytotoxic action by the analyte TC (CD8+ T cells) is confirmed only in the eAPC.T system
comprising eAPC-p cells pulsed with NLVPMVATYV (figure 48 a).

[0242] The second eAPC:T system was compiled by combining the eAPC-pa (ACL-390) cells
with the analyte TC (bulk sorted CD8+ T cells), and co-cultured under standard conditions. As
with the first system, co-cultured cells were harvested and analysed for co-operative
complexes between analyte antigen and analyte TCR, by assessing the killing of eAPC-pa cells
by AnnexinV and PI staining and flow cytometry. Figure 48b demonstrates antigen-specific
cytotoxic action of primary CD8+ T cells co-cultured with eAPC-pa (ACL-390) cells with stable
expression of the pp65 ORF (aAM, Component D) and aAPX (HLA-A*02:01, Component B’),
and thus presenting an aAPX:aAM. Comparison was made to two other eAPC:T systems with
eAPC-p (ACL-191) cells without stable expression of the pp65 ORF (no aAM) and to HLA null
ACL-128 cells (no aAPX:aAM). Antigen-specific cytotoxic action of CD8+ T cells specific for the
aAPX:aAM present by eAPC-pa was observed only in the eAPC:T system with eAPC-pa (ACL-
390).

[0243] In conclusion, this example demonstrated use of eAPC-p and eAPC-pa cells in
compiled eAPC-T systems that can selectively induce cytotoxic action by analyte TC (CD8+ T-
cells) for identification and selection of analyte TC bearing analyte TCR that form co-operative
complexes with the presented analyte antigen (aAPX:aAM). Furthermore, the two eAPC:T
systems demonstrated the use of different forms of aAPX:aAM wherein one system the aAM is
provided exogenously and in the second system the aAM is provided from the expressed
integrated analyte antigen ORF of eAPC-pa through processing by the native cellular
machinery.

Example 14: Identification of aAM loaded into eAPC-p via mass spectrometry
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[0244] The present example describes the use of eAPC-p administered with exogeneous
analyte antigen molecules (aAM), wherein the aAPX:aAM complexes are subsequently capture
by metal affinity chromatography and the aAM cargo identified by mass-spectrometry. Thereby
identifying the aAPX:aAM context of the aAM, i.e. HLA-restricted presentation of antigenic
peptides.

[0245] This example uses eAPC-p cell lines from example 8, wherein the eAPC-p have an
integrated aAPX at Component B', ACL-900 (HLA-A*02:01) and ACL-963 (HLA-A*24:02). The
aAPX ORF also encoded a C-terminal 6xHistidine tag for capture by metal affinity
chromatography. The eAPC-p were combined with an exogenous aAM, being pulsed for 2
hours at a concentration of 1uM, wherein four discrete pulses were conducted, consisting of
one of the following aAM as peptides; NLVPMVATV (APD-2, SEQ ID NO: 3), NLGPMAAGV
(APD-21, SEQ ID NO: 4), or VYALPLKML (APD-11, SEQ ID NO: 5), or no peptide.

[0246] After pulsing eAPC-p were harvested, lysed and the aAPX:aAM were subsequently
captured by metal affinity chromatopraphy as described in the material and methods. Once
captured peptides (aAM and CM), were isolated from the aAPX but acid washing and filtration.
Subsequently, the peptide fraction was subjected to liquid extraction and removal of the
organic phase, followed by solid phase extraction and submission to mass spectrometry for
identification of the peptide fraction.

[0247] Figure 49 presents a table summarizing mass spectrometry results of the different
eAPC-p / aAM pulsing combinations. The results identify that the peptide NLVPMVATV binds
and forms a complex with aAPX HLA-A*02:01, and VYALPLKML complexes with aAPX HLA-
A*24:01, whereas all other combinations of aAPX:aAM indicated that no detectable aAPX:aM
complex was formed. These results are in accordance with the known peptide-HLA binding
affinities of the three peptides.

[0248] In conclusion, this example demonstrated that eAPC-p can be used to identify the
selective binding of aAM to aAPX by capture of the aAPX:aAM and subsequent release and
enrichment of aAM for identification by mass spectrometry. This therefore demonstrates that
eAPC-p can be used to determine the HLA-restricted presentation of analyte antigenic
molecules.

SEQUENCE LISTING

[0249]
<110> Genovie AB

<120> An Engineered Multi-component System for Identification and Characterisation of T-cell



receptors and T-cell antigens
<130> P018243PCT1

<160> 72

<170> BiSSAP 1.3

<210>1
<223> Analyte Antigenic Molecule

<210>2
<223> Analyte Antigenic Molecule

<210>3
<223> Analyte Antigenic Molecule, APD-2

<210>4
<223> Analyte Antigenic Molecule, APD-21

<210>5
<223> Analyte Antigenic Molecule, APD-11

<210>6
<223>V1.A.4 pcDNA3.1_GFP

<210>7
<223> SpCas9-2A-GFP Vector V1.A.8

<210> 8
<223> pMA-SV40pA vector V1.C.2

<210>9
<223> HLA-A 02:01 6xHis + Exon2/3-HA-L+R vector V1.C.6

<210>10
<223> HLA-B 35:01 6xHis + Exon2/3-HA-L+R vector V1.C.9

<210> 11
<223> AAVS1-S_A24_6xH vector V1.F.8

<210>12
<223> AAVS1-L_BO07_6xH vector V1.F.10

<210> 13
<223> AAVS1-I_GFP_HCMVpp65_WT vector V1.G.10

<210> 14
<223> AAVS1-I_GFP_HCMVpp65 ANET vector V1.G.9
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<210> 15
<223> AAVS1-I_GFP_HCMVpp65 AIN vector V1.H.1

<210> 16
<223> AAVS1_DRA_Flag-DRB1_6xHis vector V1.1.5

<210> 17
<223> AAVS1_DPA1_Flag-DPB1_6xHis vector V1.1.7

<210> 18
<223> HLA-A-sg-sp-opti1 vector V2. A.1

<210>19
<223> HLA-B-sg-sp-3 vector V2.A.7

<210> 20
<223> HLA-C-sg-sp-4 vector V2.B.3

<210=> 21
<223> HLA-A-ex2-3_sg-sp-opti_1 vector V2.1.10

<210> 22
<223> HLA-A-ex2-3_sg-sp-opti_2 vector V2.J.1

<210> 23
<223> AAVSI_sg-sp-opti_3 vector V2.J.6

<210> 24
<223> AAVS_Efla-intron_F14_RFPnls_F15 vector V4.B.2

<210=> 25
<223> AAVS_Efla-intron_FRT_BFPnls_F3 vector V4.B.3

<210> 26
<223> pMA_FRT_HLA-A*02:01-6xHis_F3 vector V4.D.2

<210> 27
<223> pMA_F14_HLA-A*02:01-6xHis_F15 vector V4.H.5

<210> 28
<223> pMA_F14_HLA-A*24:02-6xHis_F15 vector V4.H.6

<210> 29
<223> pMA_F14_HLA-B*07:02-6xHis_F15 vector V4. H.7

<210> 30
<223> pMA_F14_HLA-B*35:01-6xHis_F15 vector V4.H.8

<210> 31
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<223> CMVpro_FLP_Sv40pA V2 vector V4.1.8

<210> 32
<223> FRT_HCMVpp28-3xMYC_F3 vector V9.E.6

<210> 33
<223> FRT_HCMVpp52-3xMYC_F3 vector V9.E.7

<210> 34
<223> FRT_HCMVpp52-3xMYC_F3 vector V9.E.8

<210> 35
<223> pMA-sv40 OE_F1 primer 1.C.2

<210> 36
<223> pMA-sv40 OE_R1 primer 1.C.3

<210> 37
<223> HLA-A-GT-Rg3 primer 4.A.3 1

<210> 38
<223> HLA-A-GT-Fg2 primer 4 A4

<210> 39
<223> HLA-B-GT-Fg2 primer 4 A.7

<210> 40
<223> HLA-B-GT-Rg2 primer 4.B.1

<210> 41
<223> HLA-C-GT-Fg2 primer 4.B.5

<210> 42
<223> HLA-A-02_GT_Rg4 primer 4.1.9

<210> 43
<223> HLA-A-Exon3_HA-RE-Bglll_F1 primer 6.1.9

<210> 44
<223> HLA-C-04-GT-Rg1 primer 8.A.1

<210> 45
<223> CMV-pA-HLA-Ex3_Probe_F1 primer 8.B.2

<210> 46
<223> CMV-pro_GT_R1 primer 9.C.3

<210> 47
<223> sv40pA_GT_F1 primer 9.C.4



<210> 48
<223> AAVS1_GT_F1 primer 9.C.5

<210> 49
<223> AAVS1_GT_F3 primer 9.C.7

<210> 50
<223> AAVS1_GT_F4 primer 9.C.8

<210> 51
<223> AAVS1_GT_R2 primer 9.C.10

<210> 52
<223> AAVS1_GT_R3 primer 9.D.1

<210> 53
<223> AAVS1_GT_R4 primer 9.D.2

<210> 54
<223> HLA-A-intron4_GT_R1 primer 9.D.6

<210> 55
<223> sv40pA-GT primer 9.D.7

<210> 56
<223> sv40pA-AAVS1-probe-FAM-F1 primer 9.J.2

<210> 57
<223> TRAC_TCRA-ex1_R1 primer 10.A.9

<210> 58
<223> TRAC_TCRA-promoter_F1 primer 10.A.10

<210> 59
<223> TRAC_probe (HEX) primer 10.B.6

<210>60
<223> Pan-HLA_GT_F1 primer 8.B.3

<210> 61
<223> SV40pA_GT_R1 primer 15.H.2

<210>62
<223> 3xMyc_OE_R1 primer 10.C.4

<210> 63
<223> CtermCysLink_OE_R1 primer 10.D.1

<210> 64
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<223> Effa_intron_GT_F2 primer 15.H.4

<210>65
<223> HCMVpp65_GT_F2ddPCR primer/probe 21.1.1

<210> 66
<223> HCMVpp28_GT_F1 ddPCR primer/probe 21.1.2

<210> 67
<223> HCMVpp52_GT_F1 ddPCR primer/probe 21.1.3

<210> 68
<223> Myc-Tag_GT_R1 ddPCR primer/probe 20.H.10

<210> 69
<223> Linker-Myc_Probe_Fam ddPCR primer/probe 20.H.9

<210>70
<223> TRAC-TCRA-ex1-F1 ddPCR primer/probe 10.A.9

<210> 71
<223> TRAC-TCRA-ex1-F1 ddPCR primer/probe <210> 72
<223> TRAC-probe (HEX) ddPCR primer/probe

List of abbreviations

[0250]

aAPX
Analyte antigen-presenting complex
aAM
Analyte antigenic molecule
APC
Antigen-presenting cell
APX
Antigen-presenting complex
BFP
Blue fluorescent protein
CAR-T
CAR T-cell
CM
Cargo molecules
CRISPR
Clustered Regularly Interspaced Short Palindromic Repeats
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gRNA
Cas9 guide RNA
CAR
Chimeric antigen receptor
CDR
Complementarity-determining regions
C-region
Constant region
cMV
Cytomegalovirus
DAMPS
Danger associated molecular patterns
DC
Dendritic cells
DNA
Deoxyribonucleic acid
D-region
Diversity region
eAPC
Engineered antigen-presenting cell
eAPC-p

DK/EP 4039800 T3

Engineered antigen-presenting cell that present an analyte antigen-presenting complex

eAPC-pa

Engineered antigen-presenting cell that presents an analyte antigen-presenting complex

and analyte antigenic molecule
eAPC-a

Engineered antigen-presenting cell expressing an analyte antigenic molecule

eAPC:T

eAPC:TCR system, wherein analyte eAPC are combined with analyte TCR

FACS
Fluorescence-activated cell sorting
GEM T-cells

Germ line-encoded mycolyl-reactive T-cells

GFP

Green fluorescent protein
HLAI

HLA class |
HLAII

HLA class Il
HDR

Homology directed recombination
HLA

Human leukocyte antigen
IgSF



Immunoglobulin superfamily
IRES

Internal ribosome entry site
iNK T-cells

Invariant natural killer T-cells
J-region

Joining region
MACS

Magnetic-activated cell sorting
MAGE

Melanoma associated antigen
MAIT

Mucosal-associated invariant T
NCBP

Non-cell based particles
ORF

Open reading frame
PAMPS

Pathogen-associated molecular patterns
PCR

Polymerase chain reaction
RMCE

Recombinase mediated cassette exchange
RFP

Red fluorescent protein
DNA

Ribonucleic acid
SH2

Src homology 2
T-cells

T lymphocytes
TC

TCR or TCR mimic affinity reagent presenting cells

TCR

T-cell Receptor
TRA

TCR alpha
TRB

TCR beta
TRD

TCR delta
TCRsp

TCR surface proteins in complex with CD3
TALEN
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Transcription activator-like effector nucleases
TRG

TRC gamma
TAA

Tumour-associated-antigens
V-region

Variable region
B2M

B2-microglobulin
ZAP-70

C-chain-associated protein of 70 kDa

Definitions

[0251]

A pair of complementary TCR chains: two TCR chains wherein the translated proteins are
capable of forming a TCRsp on the surface of a TCR presenting cell

Affinity: Kinetic or equilibrium parameter of an interaction between two or more molecules or
proteins

Affinity reagent: Any reagent designed with specific affinity for an analyte. Often used in the
context of affinity for HLA-antigen complex

Allele: Variant form of a given gene

AM: Analyte antigenic molecule. Generally, a protein but could also be a metabolite that is
expressed by a cell from their genomic DNA and/or a specific introduced genetic sequence.
The AM is expressed in the cell and a fragment can then be presented on the cell surface by
an APX as cargo or on its own. Either as cargo or not, the AM can then be the target of T-cell
receptor bearing cells or related affinity reagents.

Amplicon: a piece of DNA or RNA that is the source and/or product of artificial amplification
using various methods including PCR.

Analyte: an entity that is of interest to be identified and/or measured and/or queried in the
combined system

Analyte TC: analyte cell presenting on the surface an analyte TCR, wherein the cell may be a
primary T-cell, recombinant T-cell or an engineered TCR presenting cell.

Analyte TCR: a TCRsp or TCR-mimic affinity reagent provided in the form of a soluble
reagent, immobilised reagent, presented by an NCBP or presented on the surface of a cell.
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Antigen: any molecule that may be engaged by a TCR and results in a signal being
transduced within the T-cell, often presented by an antigen-presenting complext

Analyte antigen: collectively the eAPC:T system representing any entity presenting an
antigen for analytical determination

Antibody: Affinity molecule that is expressed by specialized cells of the immune system called
B-cells and that contains of two chains. B-cells express a very large and very diverse repertoire
of antibodies that do generally not bind self proteins but can bind and neutralize pathogens or
toxins that would threaten the host. Natural or artificially engineered antibodies are often used
as affinity reagents.

APC: Antigen-presenting cell. A cell bearing on the surface of the cell an AM, APX, APX

APX: Antigen-presenting complex. A protein that is expressed and presented on the cell
surface by nucleated cells from genes/ORF encoding genomic DNA and/or a specific
introduced genetic sequence. The APX presents a cargo, being either a peptide or other
metabolite molecules.

C-Region: Constant region. One of the gene segments that is used to assemble the T-cell
receptor. The c-region is a distinct segment that rather than driving diversity of the TCR,
defines its general function in the immune system.

Cargo-loading machinery: Cellular set of proteins that generate and load cargo molecules on
APX from proteins or other presented molecules found in the cell.

CDR: complementarity-determining regions. Short sequences on the antigen-facing end of
TCRs and antibodies that perform most of the target binding function. Each antibody and TCR
contains six CDRs and they are generally the most variable part of the molecules allowing
detection of a large number of diverse target molecules.

CM: Cargo molecules. peptide or metabolite that is presented by an antigen-presenting
complex for example a HLA | or HLA Il. The CM can be expressed by the cell intrinsically from
the genomic DNA, introduced into the culture medium or expressed from a specifically
introduced genetic sequence.

Copy-number: The whole number occurrence of a defined sequence encoded within the
genome of a cell

Cytogenetic: The study of inheritance in relation to the structure and function of
chromosomes, i.e. determine the karyotype of a cell

Cytotoxic/Cytotoxicity: Process in which a T-cells releases factors that directly and
specifically damage a target cell.

D-region: Diversity region. One of the gene segments that is used to assemble the T-cell
receptor. Each individual has a large number of different variations of these regions making it
possible for each individual to arm T-cells with a very large variety of different TCR.
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DNA: Desoxyribonucleic acid. Chemical name of the molecule that forms genetic material
encoding genes and proteins

eAPC:TCR system: eTPC:T, the system in which analyte eAPC are combined with analyte
TCR to obtain primary and terminal outputs

Endogenous: Substance that originated from within a cell

Engineered Cell: A cell whereby the genome has been engineered through genetic
modification modified.

Eukaryotic conditional regulatory element: A DNA sequence that can influence the activity
of a promoter, which may be induced or repressed under defined conditions

Eukaryotic Promoter: A DNA sequence that encodes a RNA polymerase biniding site and
response elements The sequence of the promoter region controls the binding of the RNA
polymerase and transcription factors, therefore promoters play a large role in determining
where and when your gene of interest will be expressed.

Eukaryotic terminator/Signal terminator: A DNA sequence that are recognized by protein
factors that are associated with the RNA polymerase Il and which trigger the termination
process of transcription. It also encodes the poly-A signal

FACS/Flow Cytometry: Fluorescence-activated cell sorting. Analytical technique by which
individual cells can be analyzed for the expression of specific cell surface and intracellular
markers. A variation of that technique, cell sorting, allows cells that carry a defined set of
markers to be retrieved for further analysis.

Family of APX: A set of several similar genes that encode functionally related proteins, which
constitute an antigen pressing complex

Fluorescent (protein) marker: Molecule that has specific extinction and emission
characteristics and can be detected by Microscopy, FACS and related techniques.

Genetic Donor vector: A genetic based vector for delivery of genetic material to the genomic
receiver site

Genomic Receiver Site: A site within the genome for targeted integration of donor genetic
material encoded within a Genetic Donor Vector.

Heterospecific recombinase sites: A DNA sequence that is recognized by a recombinase
enzyme to promote the crossover of two DNA molecules

HLA I: Human Leukocyte Antigen class |. A gene that is expressed in humans in all nucleated
cells and exported to the cell surface where it presents as cargo short fragments, peptides, of
internal proteins to T-cell receptors. As such it presents fragments of potential ongoing
infections along with intrinsic proteins. The HLA | can additionally present as cargo peptides
that are added to the culture medium, generated from proteins expressed form introduced
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genetic elements or generated from proteins that are taken up by the cell. HLA class | genes
are polymorphic meaning that different individuals are likely to have variation in the same gene
leading to a variation in presentation. Related to HLA class II.

HLA II: Human Leukocyte Antigen Class Il. A gene that is expressed in humans in specific cells
that are coordinating and helping the adaptive immune response for example dendritic cells.
Related to HLA class |I. HLA class Il proteins are exported to the cell surface where they
present as cargo short fragments, peptides, of external proteins to T-cell receptors. As such it
presents fragments of potential ongoing infections along with intrinsic proteins. The HLA Il can
additionally present as cargo peptides that are added to the culture medium, generated from
proteins expressed form introduced genetic elements or generated from proteins that are
taken up by the cell. HLA class Il genes are polymorphic meaning that different individuals are
likely to have variation in the same gene leading to a variation in presentation.

Homologous arms: A stretch of DNA that has near identical sequence identity to a
complement homologous arm and therefore promote the exchange of two DNA molecules by
the cellular process, homology directed repair.

Immune surveillance: Process in which the immune system detects and becomes activated
by infections, malignancies or other potentially pathogenic alterations.

Insulator: A DNA sequence that prevents a gene from being influenced by the activation or
repression of nearby genes. Insulators also prevent the spread of heterochromatin from a
silenced gene to an actively transcribed gene.

Integration: The physical ligation of a DNA sequence into a chromosome of a cell
Integration couple: A paired genetic donor vector and genomic receiver site

Internal ribosome entry site (IRES): A DNA sequence that once transcribed encodes a RNA
element that allows the initiation of translation in a cap-independent manner

J-region: Joining region. One of the gene segments that is used to assemble the T-cell
receptor. Each individual has a large number of different variations of these regions making it
possible for each individual to arm T-cells with a very large variety of different TCR.

Karyotype: The chromosome composition of a cell
Kozak Sequence: Short sequence required for the efficient initiation of translation
Major HLA class I: a Family of APX that comprise of the genes HLA-A, HLA-B and HLA-C

Matched: When two components encode genetic elements that direct and restrict the
interaction between the complemented components

Meganuclease recognition site: A DNA sequence that is recognized by a endodeox-
yribonuclease, commonly referred to as a meganuclease

Metabolite: A molecule created or altered through metabolic pathways of the cell
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Mobile genetic element: A DNA sequence that can permit the integration of DNA with the
activity of transposases enzymes

Monoclone cell line: A defined group of cells produced from a single ancestral cell by
repeated cellular replication

Native: a entity that is naturally occuring to the cell

Non-coding gene: A non protein coding DNA sequence that is transcribed into functional non-
coding RNA molecules

ORF: Open reading frame. Stretch of genetic material that encodes a translation frame for
synthesis of a protein (polypeptide) by the ribosome

Paracrine: Signalling through soluble factors that directly act on neighboring cells.

PCR: Polymerase chain reaction in which a specific target DNA molecule is exponentially
amplified

Peptide: short string of amino acids between 6 - 30 amino acids in length
Phenotypic analysis: Analysis of the observable characteristics of a cell.

Polymorphic: Present in different forms in individuals of the same species through the
presence of different alleles of the same gene.

Polypeptide: Protein consisting of a stretch of peptides, forming a three-dimensional
structure.

Primary Outputs: eAPC cells, analyte TC cells, NCBP or other analyte TCR forms from which
the terminal outputs can be derived and/or determined from

Primer: Short DNA sequence that allows specific recognition of a target DNA sequence for
example during a PCR.

Promoter: Regulatory DNA element for the controlled initiation of gene expression

Selectable marker: A DNA sequence that confers a trait suitable for artificial selection
methods

Shotgun Integration: The process whereby a library of vectors is introduced to a population
of cells, whereby only a single copy of any given vector insert may be integrated to the genome
of each single cell. Used to refer to pooled vector integration to a given cell population via an
integration couple

Slice acceptor site: A DNA sequence at the 3' end of the intron AM, APX CM or affinity
reagent for interaction with cells with TCRsp on the surface, or TCRsp based reagents

Slice donor site: A DNA sequence at the 5' end of the intron
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Synthetic: an entity that is artificially generated and introduced to a cell

T-cell: T lymphocyte. White blood cell that expresses a T-cell receptor on its surface. Selected
by the immune system to not react with the own body but have the potential to recognize
infections and malignancies as well as reject grafts from most members of the same species.

TCR: T-cell Receptor. Affinity molecule expressed by a subgroup of lymphocytes called T-
lymphocytes.

TCR-mimic affinity reagent: A protein or molecule that can interact and bind with an analyte
antigen in mimicry to that of a natural TCRsp

TCRsp: A pair of complementary TCR chains that express as surface proteins in complex with
CD3 or a pair of complementary TCR chains expressed as proteins in the form of a soluble
reagent, an immobilised reagent or present by NCBP.

Terminal Outputs: analyte antigen and TCR sequences, in the form of AM, APX, APX:.CM,
APX:AM, TCRsp or TCR-mimic affinity reagents

TRA: TCR alpha encoding locus. One of the four different locus encoding genes that can form
a VDJ recombined TCR chain. Translated TCR alpha chain proteins typically pair with
translated TCR beta chain proteins to form alpha/beta TCRsp.

TRB: TCR beta encoding locus. One of the four different locus encoding genes that can form a
VDJ recombined TCR chain. Translated TCR beta chain proteins typically pair with TCR alpha
chain proteins to form alpha/beta TCRsp.

TRD: TCR delta encoding locus. One of the four different locus encoding genes that can form
a VDJ recombined TCR chain. Translated TCR delta chain proteins typically pair with
translated TCR gamma chain proteins to form gamma/delta TCRsp.

TRG: TCR gamma encoding locus. One of the four different locus encoding genes that can
form a VDJ recombined TCR chain. Translated TCR gamma chain proteins typically pair with
translate TCR delta chain proteins to form gamma/delta TCRsp.

V-region: Variable region. One of the gene segments that is used to assemble the T-cell
receptor. Each individual has a large number of different variations of these regions making it
possible for each individual to arm T-cells with a very large variety of different TCR.
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Patentkrav

1. Multikomponentsystem, hvor en farste komponent er en gensplejset antigenpraesenterende
celle (eAPC), betegnet komponent A, og en anden komponent er en genetisk donorvektor,
betegnet komponent C, til levering af én eller flere ORF'er, der koder for et
analytantigenpraesenterende kompleks (aAPX) og/eller et analytantigenmolekyle (aAM),

hvor komponent A

a. mangler endogen overfladeekspression af mindst én familie af aAPX og/eller aAM,

0g

b. indeholder mindst ét genomisk modtagersite, betegnet komponent B, til integration
af mindst én ORF, der koder for i det mindste aAPX og/eller aAM, hvor det
genomiske modtagersite komponent B er et syntetisk konstruktt designet til

malrettet homolog rekombination.

2. Multikomponentsystem ifglge krav 1, hvor komponent A endvidere omfatter en
komponent D, hvilkken komponent D er et genomisk modtagersite til integration af én eller

flere ORF'er, der koder for mindst ét aAPX og/eller aAM.

3. Multikomponentsystem ifglge krav 2, hvor komponent D er et syntetisk konstrukt designet

til malrettet homolog rekombination.

4. Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvor
komponent C er matchet med komponent B, og hvor komponent C er designet til at

levere

a. en enkelt ORF, der koder for mindst én af naevnte aAPX og/eller neevnte aAM,

og/eller
b. to eller flere ORF'er, der koder for mindst én af neevnte aAPX og/eller naevnte aAM,

og hvor a. og/eller b. eventuelt koder for en selektionsmarker for integration, saledes at
naevnte ORF(er) kan integreres stabilt i det genomiske modtagersite komponent B, og

neaevnte aAPX og/eller naevnte aAM udtrykkes.

5. Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvilket
multikomponentsystem endvidere omfatter en komponent E, hvilken komponent E er en
genetisk vektor, der er matchet med komponent D, hvor komponent E er designet til

levering af



a.

b.
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en enkelt ORF, der koder for mindst én af naevnte aAPX og/eller naevnte aAM, eller

to eller flere ORF'er, der koder for mindst én af naevnte aAPX og/eller neevnte aAM,

og hvor a. og/eller b. eventuelt koder for en selektionsmarkgr for integration, saledes at

neevnte ORF(er) kan integreres stabilt i det genomiske modtagersite komponent D, og

naevnte aAPX og/eller naevnte aAM udtrykkes.

6. Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvor ét eller flere

yderligere genomiske modtagersites og matchende genetiske donorvektorer er tilfgjet som

yderligere komponenter af systemet.

7. Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvor aAPX'et kan

veere en hvilken som helst af fglgende

a.

b.

C.

d.

ét eller flere medlemmer af HLA-klasse |

ét eller flere medlemmer af HLA-klasse I

ét eller flere ikke-HLA-antigenpraesenterende komplekser

eller en kombination af a, b og/eller c.

8. Multikomponentsystem ifglge et hvilket som helst af de foregdende krav, hvor aAM'et er

valgt blandt

a.

et polypeptid eller kompleks af polypeptider tilvejebragt som analytantigen

et peptid, afledt af et polypeptid, tilvejebragt som analytantigen

et peptid tilvejebragt som analytantigen

en metabolit tilvejebragt som analytantigen

et polypeptid eller kompleks af polypeptider translateret fra
analytantigenmolekylets ORF(er)

et peptid, afledt af et polypeptid, translateret fra analytantigenmolekylets ORF(er)

et peptid afledt fra 2endring af komponent A-proteomet

et polypeptid afledt fra aendring af komponent A-proteomet
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en metabolit afledt fra sendring af komponent A-metabolomet og/eller en

kombination deraf.

Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvor

komponent B og/eller komponent D er indbefattet og omfatter mindst ét af fglgende

genetiske elementer:

a.

homologe arme

eukaryot promotor

eukaryot betinget regulatorisk element

eukaryot terminator

selektionsmarkar

splejshingsacceptorsite

splejsningsdonorsite

ikke-proteinkodende gen

isolator

mobilt genetisk element

meganukleasegenkendelsessite

internt ribosomindgangssite (IRES)

viralt selvspaltende peptidelement

en Kozak-konsensussekvens.

10. Multikomponentsystem ifglge et hvilket som helst af de foregadende krav, hvor

komponent C og/eller komponent E er indbefattet og omfatter mindst ét af felgende

genetiske elementer:

a.

b.

C.

homologe arme

eukaryot promotor

eukaryot betinget regulatorisk element
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d. eukaryot terminator

e. selektionsmarkar

f. selektionsmarkgr for integration

g. splejsningsacceptorsite

h. splejsningsdonorsite

i. ikke-proteinkodende gen

j. isolator

k. mobilt genetisk element

[.  meganukleasegenkendelsessite
m. viralt selvspaltende peptidelement
n. en antibiotikaresistenskassette

0. et bakteriereplikationsorigin

p. et geerreplikationsorigin

g. etkloningssite

r. en Kozak-konsensussekvens

s. internt ribosomindgangssite (IRES).

11. Multikomponentsystem ifglge et hvilket som helst af de foregdende krav, hvor komponent B
og/eller komponent D er indbefattet og er beregnet til rettet homolog rekombination af en

enkelt ORF og omfatter:
a. en eukaryot promotor
b. et par homologe arme
c. en Kozak-konsensussekvens

d. en selektionsmarkar
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e. en eukaryot terminator.

12. Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvor
komponent B og/eller komponent D er indbefattet og er beregnet til rettet homolog

rekombination af to eller flere ORF'er og omfatter falgende genetiske elementer:
a. en eukaryot promotor
b. et par homologe arme
c. to eller flere Kozak-konsensussekvenser
d. en selektionsmarkgr
e. en eukaryot terminator
f. en anden eukaryot promotor
g. en anden selektionsmarkgar
h. en anden eukaryot terminator.

13. Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvor
komponent C og/eller komponent E er til stede og er beregnet til rettet homolog

rekombination af en enkelt ORF og omfatter falgende genetiske elementer:
a. et par homologe arme
b. en Kozak-konsensussekvens
c. en antibiotikaresistenskassette
d. et bakteriereplikationsorigin

e. et kloningssite til indfering af en enkelt ORF, der koder for ét eller flere aAPX'er

og/eller aAM'er og/eller selektionsmarkgrer for integration.

14. Multikomponentsystem ifglge et hvilket som helst af de foregaende krav, hvor
komponent C og/eller komponent E er til stede og er beregnet til rettet homolog

rekombination af to eller flere ORF'er og omfatter falgende:

a. et par homologe arme



15.

16.

17.

18.

19.
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b. to eller flere Kozak-konsensussekvenser
c. en antibiotikaresistenskassette
d. et bakterie- eller gaerreplikationsorigin

e. et kloningssite til indfaring af to eller flere ORF'er med eukaryote terminatorer, der
koder for ét eller flere aAPX'er og/eller aAM'er og/eller selektionsmarkgrer for

integration.

Multikomponentsystem ifalge et hvilket som helst af de foregaende krav, hvor
komponent C og/eller komponent E endvidere omfatter mindst én ORF, der koder for

mindst ét aAPX og/eller aAM til dannelse af komponent C' og/eller komponent E'.

Multikomponentsystem ifalge krav 15, der omfatter et bibliotek af komponent C’ og/eller

komponent E’.

Multikomponentsystem ifalge krav 15 eller krav 16, hvor én eller flere af naevnte
komponent C' og/eller komponent E' kan kombineres med komponent A, med henblik pa
at integrere én eller flere aAPX-ORF'er, der kodes for i komponent C' og/eller

komponent E’, ind i komponent B og/eller komponent D, med henblik pa at opna en
celle, betegnet eAPC-p, i hvilkken komponent B og/eller komponent D bliver til
komponent B’ og/eller komponent D', saledes at eAPC-p udtrykker et aAPX pa

celleoverfladen.

Multikomponentsystem ifglge krav 15 eller krav 16, hvor én eller flere af nasvnte
komponent C' og/eller komponent E’ kan kombineres med komponent A, med henblik pa
at integrere én eller flere aAM-ORF'er, der kodes for i komponent C’ og/eller

komponent E’, ind i komponent B og/eller komponent D, med henblik pa at opna en
celle, betegnet eAPC-a, i hvilken komponent B og/eller komponent D bliver til
komponent B’ og/eller komponent D', saledes at eAPC-a udtrykker et aAM pa

celleoverfladen eller intracelluleert.

Multikomponentsystem ifglge krav 15 eller krav 16, hvor én eller flere af nasvnte
komponent C' og/eller komponent E’ kan kombineres med komponent A, med henblik pa
at integrere én eller flere aAPX-ORF'er og/eller ét eller flere aAM'er, der kodes for i
komponent C' og/eller komponent E’, ind i komponent B og/eller komponent D, med
henblik pa at opna en celle, betegnet eAPC-pa, i hvilken komponent B og/eller
komponent D bliver tii komponent B' og/eller komponent D', saledes at eAPC-pa

udtrykker et aAPX og aAM og/eller et aAPX:aAM.
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20. Multikomponentsystem ifglge et hvilket som helst af kravene 15 til 17, hvor én eller flere af
naevnte komponent C' eller komponent E' kan kombineres med en eAPC-p, med henblik
pa at integrere én eller flere aAM-ORF'er, der kodes for i komponent C' eller
komponent E', ind i komponent B eller komponent D, med henblik pa at opna en celle,
betegnet en eAPC-pa, i hvilken komponent B eller komponent D bliver til komponent B’

eller komponent D', sdledes at den udtrykker et aAPX og aAM og/eller et aAPX:aAM.

21. Multikomponentsystem ifglge et hvilket som helst af kravene 15, 16 eller 17, hvor én eller
flere af naevnte komponent C' eller komponent E' kan kombineres med en eAPC-
a, med henblik pa at integrere én eller flere aAPX-ORF'er, der kodes for i komponent C'
eller komponent E', ind i komponent B eller komponent D, med henblik pa at opna en
celle, betegnet en eAPC-pa, i hvilken komponent B eller komponent D bliver til
komponent B’ eller komponent D', séledes at den udtrykker et aAPX og aAM og/eller

et aAPX:aAM.

22. Anvendelse af et multikomponentsystem ifglge et hvilket som helst af kravene 1 til 16 til

generering af én eller flere analyt-eAPC'er, der er valgt blandt eAPC-p, eAPC-a og eAPC-
pa.

23. Fremgangsmade til fremstilling af en eAPC-p som defineret i krav 17, hvilken

fremgangsmade omfatter

a. kombination af komponent A med mindst én komponent C'eller komponent E’,
hvor den ene eller de flere komponent C' eller komponent E' koder for ét eller
flere aAPX'er, og kombination med integrationsfaktorer og mindst én af

b. selektering for tab af selektionsmarkgr(er) for genomisk modtagersite

c. selektering for tilfgjelse af en overfladeekspression af ét eller flere aAPX'er

d. selektering for tilfgjelse af én eller flere af en selektionsmarkear for integration.
24. Fremgangsmade ifglge krav 23, hvor b, c og d er indbefattet.

25. Fremgangsmade til fremstilling af en eAPC-a som defineret i krav 18, hvilken

fremgangsmade omfatter

a. kombination af komponent A med mindst én komponent C'eller komponent E',
hvor den ene eller de flere komponent C' eller komponent E' koder for ét eller flere
aAM'er, og kombination med integrationsfaktorer og mindst én af

b. selektering for tab af selektionsmarkegr(er) for genomisk modtagersite

c. selektering for tilfgjelse af en overfladeekspression af ét eller flere aAM'er
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d. selektering for tilfgjelse af én eller flere af en selektionsmarkear for integration.
26. Fremgangsmade ifglge krav 25, hvor b og d er indbefattet.

27. Fremgangsmade til fremstilling af en eAPC-pa som defineret i krav 21, hvilken

fremgangsmade omfatter

a. anvendelse af multikomponentsystemet som defineret i krav 15 til kombination af
en eAPC-a som defineret i krav 18 med mindst én af komponent C' eller
komponent E', hvor den ene eller de flere komponent C' eller komponent E' koder
for én eller flere aAPX-ORF'er, og kombination med integrationsfaktorer og mindst
én af

b. selektering for tab af selektionsmarkgr(er) for genomisk modtagersite

c. selektering for tilfgjelse af en overfladeekspression af ét eller flere aAPX'er

d. selektering for tilfgjelse af én eller flere af en selektionsmarkear for integration.
28. Fremgangsmade ifglge krav 27, hvor b, c og d er indbefattet.

29. Fremgangsmade til fremstilling af en eAPC-pa som defineret i krav 20, hvilken

fremgangsmade omfatter

a. anvendelse af multikomponentsystemet som defineret i krav 15 til kombination af
en eAPC-a som defineret i krav 17 med mindst én af komponent C' eller
komponent E', hvor den ene eller de flere komponent C' eller komponent E' koder
for én eller flere aAM-ORF'er, og kombination med integrationsfaktorer og mindst én
af

b. selektering for tab af selektionsmarkgr(er) for genomisk modtagersite

c. selektering for tilfgjelse af en overfladeekspression af ét eller flere aAM'er

d. selektering for tilfgjelse af én eller flere af en selektionsmarker for integration.
30. Fremgangsmade ifglge krav 29, hvor b og d er indbefattet.

31. Fremgangsmade til fremstilling af en eAPC-pa som defineret i krav 19, hvilken

fremgangsmade omfatter

a. anvendelse af multikomponentsystemet som defineret i krav 15 til kombination af
en eAPC med mindst én af komponent C' eller komponent E', hvor den ene eller
de flere komponent C' eller komponent E' koder for én eller flere aAM-ORF'er og
én eller flere aAPX-ORF'er, og kombination med integrationsfaktorer og mindst én af

b. selektering for tab af selektionsmarkar(er) for genomisk modtagersite
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c. selektering for tilfgjelse af en overfladeekspression af ét eller flere aAM'er og/eller
overfladeekspression af ét eller flere aAPX'er

d. selektering for tilfgjelse af én eller flere af en selektionsmarker for integration.

32. Fremgangsmade ifglge krav 31, hvor b, c og d er indbefattet.
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Figure 17
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Figure 20
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Figure 21
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Figure 23
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Figure 26
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Figure 27
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Figure 29
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Figure 30
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Figure 31
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Figure 32

did
ZLv-10Y 0LF- 10V 6901V
0T 0T 0T 0 (0T 0T HT 01 0 (O 0T 01 0T 0 OI-
P [T g 7 - o B P EPR B < B B , B s B
Nm N Omsmu WM&UH! m mm‘aﬁmﬂ WM@M;; ﬁW g,m .m M@.ﬁ
EO E D B O
- 0T - (0T - 01 |
Z
=01 ~ 0T - 0T
66 wif |0 786 F | 0 06 E
zZo i1al IR Vs 10 01 | o 10 01
v
B (g (e



DK/EP 4039800 T3

Figure 33
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Figure 36
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Figure 37
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Figure 38
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Figure 39
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Figure 40
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Figure 41
ACL-191 ACL-286
A J120fpecysa PECYSAY] 10TRECEA pECysar
3.20 96.8 12,60 97.4
90- | 90+
S| e0f | 60 P
S| b—1 L/l
3047 1 30- ig %
| i ’
e P
0 A S e WM — ety
100 107 107 10° 10° 105  Ciep 1?51 1 105 100 10°

PE-Cy5 anti HLA-A,B,C

ACL-391 ACL-355
150-GFP- 5.15 GFP+ 1GEP- 12.2 GFP+
f& 94.8 150~ 278
100~ z ,.
gl i 1007 |
3 :
S| osodf
%; Sﬁ"ﬁ“
0 i .. g; el N
3;0@ 1{}1 10 100 108 100 100 102 10* ¢

GFP



DK/EP 4039800 T3

990 S£9°0 vt €8T s8A SIA LTV

a pue gjuauaduwiod oney nfsaidon 1n/saidon aua8 {TsAYY]
jo uonesBaju ojfuls apueg ays uonesdain

e 10) oijes payadyg PAISSA0 yuauoduion SIS Juouas ayy o paelBajug

awouad syl
ojuy pajesdaiuy
SUlt[iED

a pue g jusuodwiod paieidaiui jo Jagunu Adod UGHEI0] JWLIDUID

Figure 42

@ pue g siusuodwod 8ujuieluod SAUOJI0UOW JO UOIIRZIISIIRIEYD J118USD "7 3[geL

£E0 ZvED 895 991 SSA Sak 8Ly v

uauodwod 15 awouad
8 a‘ oijey in/saidon g in/sapdod suad (rsavv)
10 uopeigalul aj8uls 21is uone daqu U1 03U
paniasgo yuauoduwiod 0U3I2)3Y ) ) )
e 0} oije pajdad 2jwouad syl olu paleidaiug pajesfaiug aurt ed
g wsuodwod peyesdalu Jo sequinu Ado) UQIEIO] JJWIoLRD

g uauodwod 8uiuIeUOD SBUODOUOW JO UOIIBZII9IIRIBYD 138USD) T 3jqel



DK/EP 4039800 T3

Figure 43
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Figure 45
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Figure 48
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Figure 49
Peptide Identified PEP

ID eAPC line 1D |eAPC allele  jsequence peptides Intensity |score

1 ACL-S00 HLA-A*02:01 |NA NA 0 0

2 |ACL-900 HLA-A*02:01 INLWVPMVATV | NLVPMVATV | 3.4E+07 |6.55E-07
4 ACL-900 HLA-A*02:01 [NLGPMAAGV NA 0 0
10/ACL-963 HLA-A*24:02 INA NA 0 0
11ACL-963 HLA-A*24:02 VYALPLKML VYALPLKML | 7.9E+06 |0.026368
12 /ACL-963 HLA-A*24:02 INLVPMVATV NA 0 0

13 ACL-800 HLA-A*02:01 VYALPLKML NA 0 0
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