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Summary

The main goal of immunotherapy in oncology is to use the power of the patient’s own
immune system to fight cancer. Therefor many bispecific antibodies were developed
mainly for redirecting T cells to cancer cells. A novel and promising class of
biotherapeutics are increasingly recognized, namely bispecific T cell receptor (TCR)-
based molecules capable of redirecting and activating T cells towards tumor-specific
peptides presented by human leucocyte antigens (HLA). The usage of TCR-based
molecules allows for targeting of novel tumor antigens including intracellular antigens
and thus significantly widens the accessible target space in cancer immunotherapy. In
contrast to antibodies, TCRs naturally exhibit a low binding affinity and stability and thus
a complex maturation process is required for successful generation of TCR-based
biotherapeutics. We developed a Chinese hamster ovary (CHO) cell display system for
the maturation of TCR-based biomolecules, such as T cell engaging receptor (TCER®).
Unlike previously used phage or yeast display systems, the mammalian system is capable
of engineering TCRs in the final TCER® format making the step of reformatting of
matured TCRs dispensable. The display approach is based on a recombinase-mediated
cassette exchange for efficient and stable single copy integration of bispecific agents
into a predefined genetic locus of the CHO cell. This work describes the setup of the CHO
display, the membrane-bound expression of different TCR-based formats as well as its
successful application for engineering of TCER® molecules using TCR variable domains
from a model TCR recognizing preferentially expressed antigen in melanoma (PRAME).
Affinity-improved TCER® molecules were isolated from a library encoding different
complementarity determining region (CDR) variants in the final format. The selected
TCER® candidates were evaluated in the CHO display system regarding their binding to
the PRAME pHLA target as well as 11 peptides with high degree of sequence similarity
to the PRAME peptide as part of specificity testing. TCER® variants expressed as soluble
proteins showed strong reactivity against PRAME-positive tumor cells linked with a
pronounced cytokine release from activated T cells. This study supports feasibility of the
CHO-based maturation system for TCR affinity maturation in the final TCER® format and

demonstrate data consistency between membrane-bound and soluble TCER® format.



Zusammenfassung

Das Hauptziel der Immuntherapie in der Onkologie besteht darin, die Kraft des eigenen
Immunsystems des Patienten zur Krebsbekdmpfung zu nutzen. Zu diesem Zweck
wurden viele bispezifische Antikdrper entwickelt, die vor allem T-Zellen auf Krebszellen
umlenken sollen. Eine neue und vielversprechende Klasse von Biotherapeutika wird
zunehmend anerkannt, namlich bispezifische Molekiile auf der Basis von T-Zell-
Rezeptoren (TCR), die in der Lage sind, T-Zellen auf tumorspezifische Peptide
umzulenken und zu aktivieren, die von menschlichen Leukozytenantigenen (HLA)
prasentiert werden. Die Verwendung von TCR-basierten Molekiilen ermdglicht die
gezielte Ansprache neuartiger Tumorantigene, einschliefilich intrazellularer Antigene,
und erweitert damit den fiir die Krebsimmuntherapie zuganglichen Zielbereich
erheblich. Im Gegensatz zu Antikorpern weisen TCRs von Natur aus eine geringe
Bindungsaffinitat und -stabilitat auf, so dass fiir die erfolgreiche Herstellung von TCR-
basierten Biotherapeutika ein komplexer Maturierungsprozess erforderlich ist. Wir
haben ein CHO-Zell-Display-System fir die Maturierung von TCR-basierten
Biomolekiilen, wie z. B. dem T cell engaging receptor (TCER®), entwickelt. Im Gegensatz
zu den bisher verwendeten Phagen- oder Hefe-Display-Systemen ist das
Saugetiersystem in der Lage, TCRs im endgliltigen TCER®-Format zu prasentieren, so
dass der Schritt der Neuformatierung von gereiften TCRs Uberflissig ist. Der Display-
Ansatz basiert auf einem Rekombinase-vermittelten Kassettenaustausch zur effizienten
und stabilen Integration von bispezifischen Molekiilen in einen vordefinierten
genetischen Lokus der CHO-Zelle in einer einzigen Kopie. Diese Arbeit beschreibt den
Aufbau des CHO-Displays, die membrangebundene Expression verschiedener TCR-
basierter Formate sowie die erfolgreiche Anwendung fiir das Engineering von TCER®-
Molekilen unter Verwendung variabler TCR-Domanen eines Modell-TCRs, der ein
preferentially expressed antigen in melanoma (PRAME) Peptid erkennt. TCER®-
Molekiile mit verbesserter Affinitdit wurden aus einer Bibliothek isoliert, die fir
verschiedene Varianten der komplementéritdtsbestimmenden Region (CDR) im
endglltigen Format kodiert. Die ausgewahlten TCER®-Kandidaten wurden im CHO-

Display-System auf ihre Bindung an das PRAME pHLA Target sowie an 11 Peptide mit



hoher Sequenzdhnlichkeit zum PRAME Peptid im Rahmen von Spezifitatstests
untersucht. TCER®-Varianten, die als I6sliche Proteine exprimiert wurden, zeigten eine
starke Reaktivitdit gegen PRAME-positive Tumorzellen, verbunden mit einer
ausgepragten Zytokinfreisetzung von aktivierten T-Zellen. Diese Studie unterstiitzt die
Moglichkeit des CHO-basierten Maturierungssystems fir die TCR-Affinitatsreifung im
endglltigen TCER®-Format und demonstriert die Datenkonsistenz zwischen

membrangebundenem und I6slichem TCER®-Format.
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Introduction

1 Introduction

1.1 History of Immunotherapy

The field of immunotherapy has raised high expectations as diagnostics and therapeutic
tools'™3 with an expected world-wide size of 126.9 billion USS by 2026 exhibiting a growth
rate of 9.6 %*. This story of success was not foreseeable in the 1980s with the first attempts
to use monoclonal antibodies (mAbs) for clinical use mainly failing®. Since then, mAbs and
immunotherapy have come a long way to one of the great hopes in cancer therapy.
Nevertheless, it took up to 1997 until the first anti-cancer mAb, Rituximab, has been
approved. Since then, more than 27 therapeutic antibodies (Abs) have gotten the approval
for cancer treatment in a broad range of cancer entities®. Despite the wide range of
therapeutics available the majority of cancer patients does not benefit from current
immunotherapies’, for example due to a suppressive tumor microenvironment (TME)2. This
medical need led to the invention of a plethora of different therapeutic options comprising
bispecific Abs (BsAbs), immunomodulators, chimeric antigen receptor (CAR)-T cell therapy?,

T cell receptor (TCR)-T cell therapy, and TCR-based bispecifics>°.

1.2 Antibody Based Therapeutics

1.2.1 Natural Antibodies

Antibodies belong to the family of glycoproteins called immunoglobins (Ig) with five different
classes: IgA, IgD, IgE, 1gG, and IgM with IgG being the most abundant one with 4 different
subtypes. The general structure of the IgG molecule compromises two heavy and two light
chains with both constant and variable regions (Figure 1). The variable parts of the light (V.)
and the heavy chain (Vi) mediate target binding whereas the constant part (C. and Cy)
facilitates the effector functions. The variable regions can be further discriminated into
hypervariable parts, the so-called complementarity determining regions (CDRs), and parts
with lower variability, the framework regions. The whole antibody can be divided into two
separate parts — the fragment antigen binding (Fab) and the fragment crystallizable (Fc)

domain (Figure 1)1,
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Figure 1: General structure of an IgG1 antibody. The light chain (light blue) comprises a variable (V) and a
constant (C,) region. Whereas the heavy chain (dark blue) consists of a variable part (V4) and three constant
regions (Cu1-3). Fab: fragment antigen binding; Fc: fragment crystallizable.

1.2.2 Mode of Action of Monoclonal Antibodies

Antibodies can be used to mediate a wide range of effector mechanism to induce cell death
of target cells. These mechanisms can be discriminated in direct and immune-mediated cell
killing2. Direct cell killing is initiated via receptor binding either blocking a pathway and
inducing apoptosis!® or binding to so-called death receptors and directly inducing cell death®?.
Furthermore, mAbs can be deployed to deliver a toxic payload quite specifically to target cells.
These constructs are called antibody drug conjugates (ADC)*2. ADC therefore enables the use
of drugs that are either not suited for a systemic administration or in an unconjugated form?3.
Immune-mediated cell killing can be divided into antibody-dependent cellular phagocytosis
(ADCP), antibody-dependent cell mediated cytotoxicity (ADCC), and complement-dependent
cytotoxicity (CDC). This group of killing mechanism is mediated by the interaction of the
Fc part of an antibody with the Fcy receptors of different immune cell populations or with the

Clg component for CDC**,
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1.2.3 Engineering Antibody Formats

1.2.3.1 Bispecific Antibodies

In contrast to antibodies with only one specificity bispecific antibodies have two well-defined
ones®® to mediate among others immune cell recruitment to cancer cells?. There is a plethora
of different formats which are subdivided depending on the presence or absence of an Fc
region. Fc mediated effector functions like ADCC or CDC will not be activated by molecules
lacking a Fc region. Furthermore, these molecules have a shorter half-life since they are not
recycled via the neonatal Fc receptor!®. Since the effector functions are in some cases
unwanted silencing mutations have been discovered to inhibit the immune activation while
keeping the half-life extension®28,

One of these Fc-less formats is the single-chain fragment variable (scFv) composed of two
genetically fused variable regions of an antibody?®® (Figure 2). Due to their lower size smaller
molecules show rapid and effective distribution, allow a good control over their level in the
circulation, and can be quickly cleared from the circulation, if needed®®. A Fab fusion molecule
comprised of the Fab region of an antibody and an added specificity for selected targets
shows in general a low aggregation tendency and has a good stability under physiological

conditions®.

Figure 2: Structure of a scFv fragment. An scFv fragment is composed of the Vy (light blue) and the V. (dark
blue) region of an antibody connected by a linker sequence.

Moreover, antibody derivatives cannot only be discriminated by the presence or absence of
a Fc part but also by the number of binding sites. An IgG antibody with a different specificity
on each arm would have one binding site for a specific target on each site. It would therefore
be classified as a bivalent format. A doubling of the binding sites for each specificity would

result in a tetravalent construct. Additionally, also the number of specificities can be increased

16
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resulting in for example tri- or tetra specific formats®. Since many of the above-mentioned
formats have two different chains and require the formation of heterodimers for the wanted
bispecific specificity, it is aimed to increase the likelihood of heterodimerization. To achieve
this goal the Fc part can be engineered. In general, the dimerization is mediated by the Cy3
domain and the hinge region of an 1gG format?°. This knowledge led to the invention of many
strategies creating complementary chain surfaces to favor heterodimerization. Today, a
concept known as “knobs-into-holes” is widely used favoring heterodimerization by the
exchange of amino acids to generate a knob with larger side chain on the one chain and a

hole with smaller side chains on the other?1=23,

1.2.3.2 T cell Engaging Bispecific Antibodies (T-BsAbs)

T cell engagers are bispecific molecules that redirect native T cells mainly via an anti-CD3 scFv
moiety and an anti-tumor-associated antigen specificity to target cells®?*. The binding to the
CD3 complex of the T cell leads T cell activation associated with the release of cytokines and
chemokines, cytotoxic molecules, and the induction of T cell proliferation resulting in targeted
tumor cell killing?>. While the majority of T-BsAbs use the same T cell engaging domain, they
can be discriminated via the targeting domain. Here, the targeting moiety can be either

derived from an antibody or from an TCR®.

1.2.3.3 Antibody Derived T-BsAbs

This class of T-BsAbs redirects T cells to the target cells without the human leucocyte antigen
(HLA) restriction in normal T cell recruitment. They mainly target surface expressed tumor
targets like CD19 in Blinatumumab (anti-CD19/anti-CD3) and many other T-BsAbs in clinical
trials?®?’, Since they are not targeting an antigen presented via the HLA, they are not affected
by the downregulation of antigen presentation often observed in immune escape®.
Nevertheless, restriction to mainly non-HLA presented targets is also one limitation of
antibody derived T-BsAbs because the number of surface antigens is limited and more
tumor-associated antigens (TAA) can be exploited also considering intracellular and

extracellular peptides presented via the HLA.
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1.2.3.4 TCR Derived T-BsAbs

TCR derived T-BsAbs use the affinity matured binding moiety of a TCR and for example an
anti-CD3 binding domain. Compared to antibody derived T-BsAbs, TCR-based molecules need
a complex maturation process until the TCR binding domain can be used in a soluble format.
Since TCRs are instable as soluble proteins, they show a high aggregation tendency, and have
naturally a low affinity towards their targets (1-100 pM)®?82°, In contrast to antibodies TCRs
recognize short (8-20 amino acids) peptide antigens from intracellular, membrane or
extracellular proteins presented in the HLA context. Due to the challenging maturation
process, there is only a limited number of TCR derived T-BsAbs in clinical trials and only one
in clinical use, a gp100 targeting ImmTAC from Immunocore®. The KIMMTRAK called molecule
was approved 2022 for the treatment of metastatic uveal melanoma3’. An example of the
molecules still in clinical trials is the ABBV-184 molecule by AbbVie. This molecule targets the
surviving pHLA complex on tumor cells for the treatment of refractory or relapsed acute
myeloid leukemia and non-small cell lung cancer (NSCLC)3. Beyond these molecules already
in clinical trials there are others to come such as Immatics’ T cell engaging receptor (TCER®)
molecule. The TCER® molecule consists of an effector-function silenced Fc part, an anti-CD3

scFv and an anti-tumor single-chain TCR variable (scTv) domain (Figure 3).
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Figure 3: Overview of the different T cell engaging formats in clinical or pre-clinical development. A) ImmTAC
format from Immunocore consisting of a targeting TCR domain (light and dark blue) and an anti-CD3-scFv
(green, orange). B) ABBV-184 format from AbbVie with a Fc (knob into hole) (grey), an anti-CD3 domain
(green, orange), and a surviving targeting scFv (light and dark blue). C) TCER® format is composed of an
effector-silenced Fc part (knob into hole) (grey), a tumor targeting scTv (light and dark blue) and an anti-CD3
scFv (green, orange).
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1.3 Tcells

T cells belong to the group of lymphocytes and have an important role in the adaptive immune
response. They are characterized by the presence of a membrane bound TCR for the
recognition of foreign peptides32. T cells are subdivided into CD4* and CD8* subpopulations,
helper and killer T cells, respectively. Helper T cells can indirectly mediate target cell killing by
cytokine secretion and subsequent activation of dendritic cells or CD8* T cells. Compared to
that, killer T cells can directly eliminate a target cell. For this the additional activation by a
co-receptor like CD28 is required as a safety mechanism3%33, Upon activation the
immunological synapse is built between the target and effector cell. During this process, the
T cell releases cytokines and cytotoxins (perforin and granzyme) to induce apoptosis in the

target cell®2.

1.3.1 TCR Structure and Target Recognition

The TCR is the antigen recognition structure of T cells. The receptors are membrane-bound
and do not appear in a soluble form as B cell receptors and antibodies. Nevertheless, they are
related to the immunoglobin family regarding their general architecture3?. A TCR consists of
two distinct chains with constant and variable regions with hypervariable domains (CDRs)
determining their specificity resulting in a heterodimeric structure. The majority of the T cells
belongs to the a/B subtype whereas only a small number is ranked as the y/& type. The TCR
itself has a certain resemblance to the antibody Fab fragment and is associated with the CD3

complex for signal transduction and stability (Figure 4).
TCR

-
A/
cp3 ‘VOIVVB cD3
i‘?ij}% ——
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i | !ﬁt - TLH—’

Cell
membrane

Figure 4: General structure of the a/B T cell receptor CD3 complex. The TCR consist of two chains, a (dark
blue) and B chain (light blue) with variable and constant regions. The receptor is complexed with CD3 proteins
(€ (orange), 6 (yellow), y (green), and T (rose)) for signal transduction.

19



Introduction

The TCR can only recognize antigens in a linear and HLA bound fashion, thus the actual target
is the peptide: HLA complex (pHLA)**, since the TCR binds to the linear peptide as well as to
the HLA backbone. Here the separate binding profiles of the different CDRs come into play.
Whereas the CDR1 and CDR2 are mainly orientated over the HLA backbone, the CDR3 loops
are primarily in contact with the peptide3?. There are two distinct subtypes of the HLA
molecule — HLA | and HLA II. The different HLA molecules have not only a different structure,
bind different antigens but also bind to different T cell subsets. The HLA | complex consists of
three a chain domains and one non-covalently bound B2 microglobulin. Domain al and a2
form a groove for peptide binding. The a3 domain anchors the complex to the cell membrane.
The HLA Il complex consists of two membrane-bound chains —a and B. The al and 1 domain
fold into a peptide-binding cleft whereas a2 and B2 mediate membrane-anchoring3? (Figure
5). The HLA | complex is recognized by cytotoxic CD8* T cells. The Class Il complex in contrast

is associated with CD4* T helper cells. Both interactions result in T cell responses®?.

Peptide-
binding
groove

B1 al

HLA class | HLA class I

B2 a2

Cell
membrane

Figure 5: Schematic structure of HLA | and HLA 1l molecules. HLA class | consists of three a domains (green)
with a transmembrane domain and one 32 microglobulin domain (blue). HLA Il complex is composed of two
chains both anchoring the HLA Il to the membrane. The two chains are subdivided into al and a2 (green) and
B1 and B2 (blue).

Naturally, TCRs have a quite low affinity towards the pHLA complex with Kp in the uM
range3®3” to maintain self-tolerance® and they show a great cross-reactivity towards different
peptides3®#!, These characteristics and the fact that the natural presentation level of the

pHLA complex can be very low (< 10 copies per cell*?), make a large maturation effort
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necessary to use a TCR-based binding moiety for a bispecific molecule to achieve a specific

43,44

affinity in the pM range

1.3.2 Tumor Antigens

Tumor antigens are proteins or other molecules that discriminate normal cells from cancer
cells*. The group of tumor antigens has three subgroups: Firstly, tumor-associated antigens
which are highly overexpressed on cancer but are also expressed on healthy cells*®. Secondly,
tumor specific antigens that are only expressed on cancer tissues and arose from single
non-synonymous variants only present in cancer cells*’. The third subgroup is the group of
cancer testis antigens since they are not expressed on normal tissues except for the testis?®.
Compared to conventional antibody-based approaches TCR-based immunotherapy has the
potential to detect also intracellular antigens as they are processed and delivered to the cell

surface as small peptides in the context of the HLA%.

1.3.2.1 PRAME

PRAME (Preferentially expressed antigen in melanoma) is a cancer antigen associated with
melanoma and various other non-melanocytic cancer entities, like cutaneous and uveal
melanoma® and in breast cancer®?, renal cell cancer®?, ovarian carcinoma®3, NSCLC>* as well
as leukemia®>, synovial sarcoma®®, myxoid liposarcoma®’® and neuroblastoma®® making it an

attractive target for immunotherapy*®.

1.3.3 Off-targets

Off-targets are peptides with a sequence or motif similarity to the actual tumor target. In
contrast to the tumor target, which is mainly or solely expressed on tumor cells, off-targets
are expressed on healthy tissue. They can be discovered via mass spectrometry to allow

counter-selection during the development of immunotherapies®.

1.3.4 T cells in the Anti-Tumor Response

Since cancer cells show distinct variations from healthy cells the peptides presented by the
HLA complex differ. This often triggers an immune response against cancer cells. The presence
of so-called tumor-infiltrating lymphocytes (TILs) is an important prognostic marker in
different tumor entities®*®*, but these immune responses are frequently not sufficient for
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tumor elimination®, since there are many immune-suppressive mechanism in place in the
TME®®®7_ Additionally, the pHLA complex is often down regulated to escape the T cell based
immune response®. All these effects hinder a sufficient natural anti-tumor response®¢”’,

The power of T cells can, nevertheless, be exploited via the administration of T-BsAbs.
CD3-targeting T-BsAbs have the advantage that they are not restricted to the activation of a
specific T cell subpopulation. T cells in general are greatly suited as target cells for immune
cell recruitment to fight cancer cells due to their high abundance, killing efficiency and high
proliferation capacity?. Thus, CD3-targeting T-BsAbs can initiate a polyclonal T cell response
against the tumor. Hereby, the tumor targeting moiety binds to the target cell and recruits
T cells via binding to the CD3 complex®. This leads ideally to a robust anti-cancer response
and tumor lysis via formation of an immunological synapse (Figure 6) with subsequent
cytotoxin and cytokine release®. However, an associated challenge with increased T cell
activation during immunotherapies is the cytokine release syndrome (CRS)®%7°, This condition
is evoked by a fast increase of cytokines in the serum of the patients leading to life threatening
conditions’?™73, Therefore, it is necessary, to find a good balance between the affinity of the
target binding moiety and the anti-CD3 binding one to keep the resulting T cell activation and

cytokine release in check’7>,

T cell engaging
bispecific (TCER)

T cell
receptor
complex

Peptide:MHC

Target cell

Activated
T cell

Figure 6: Schematic overview of T-BsAb mediated tumor cell killing. The T-BsAbs (TCER®) binds the pHLA
(grey/dark green) on the target cell (light grey) with the TCR domain (light blue) and recruits and activatesa T
cell (dark blue) via the CD3 binding domain (light green). The released granzymes and perforins lead to
subsequent target cell killing.

22



Introduction

1.3.5 Engineering of T cell Receptors

TCRs are naturally quite unstable and must therefore undergo stability maturation. For this
purpose, various display methods have been previously exploited for antibody maturation®>.
But despite the structural similarities of antibodies’® and TCRs, the previously established
methods like phage, yeast, or mammalian display can just be used to a limited extend, since
native TCR constructs are too instable to be displayed 3°. Therefore, it needs a stabilization of
the TCR chains facilitated by Boulter and colleagues via the introduction of a modified
disulfide bond at TRAC T84C and TRBC S57C (IMGT numbering)’”’. Wagner et al. used these
modifications to screen full-length TCRs for high affinity and soluble expression in a Chinese
hamster ovary (CHO) cell display system’®. Other approaches mature the TCR not in full-length

but as smaller units such as scTv and circumvent the stability problem”®.

1.4 Display Technologies

Phage, yeast, and mammalian surface display are often used to isolate mAbs therapeutics®®-
82 and are more and more used to display and mature TCRs. The prerequisite for all these
techniques is the linkage of the phenotype to the genotype of the respective cell to extract

the genomic information of the clones after selection’®.

1.4.1 Phage Display

In 1985 it was first shown that peptides can be detected on filamentous phages®3. Hereby, a
peptide sequence is fused to the virus capsid protein and displayed on the outer surface. This
fusion allows the detection and selection of peptide variants with higher affinity compared to
the wildtype peptide®*. Since then, this technique is often used to screen for high affinity
antibodies against a selected target via biopanning®. Phage display has a high degree of
flexibility since it allows full-length 1gs8 as well as fragment expression®’%, However, the
biggest advantage is the possibility to generate very large libraries with up to 10! different
variants’®°%91, Despite these high usage for antibody-screening it took until 1995 for phage
display being used to display TCRs®? and 10 more years until it was exploited for TCR affinity

maturation®*.
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1.4.2 Yeast Display

This technique was pioneered by Boder and Wittrup in the year 1997 and is based on the
fusion of a protein of interest to a surface protein and the subsequent expression on the cell
surface®®. Mainly the a-agglutinin subunits Agalp and Aga2p are used to anchor the protein
of interest on the surface. Yeast display allows N- or C-terminally linkage®>°* and expression
of full-length 1gs®>°® as well as fragments®3°771%_ Furthermore, yeast display can also be used
to screen TCR-based formats like the scTv format comparable to the antibody-based scFv°?,
In contrast to phage display only smaller libraries with up to 10° clones are possible!0?71%4 QOne
advantage over phage display is the fact that yeast cells as eucaryotes have a better protein
folding machinery and allow the expression of more complex molecules'®>1%7, Moreover, it
can be combined with flow cytometry enabling 2D sorting for affinity and expression and
allows real-time analysis of the clones®*197.18 Selected clones can directly be analyzed on the
yeast surface and sequence information can easily be obtained via sequencing’®. It is mainly

used for mAbs affinity maturation®*109110 byt can also be used for TCR-based constructs!1-112,

1.4.3 Mammalian Cell Display

Mammalian cell display made huge progress in the last years. This is mainly due to the
possibility to use gene editing techniques like clustered regularly interspaced short
palindromic repeats/CRISPR-associated protein 9 (CRISPR/Cas9)!3, transposons!4
transcription activator-like effector nuclease (TALEN)!3, and recombinases!!>'! to achieve a
targeted integration at a specific genomic locus!®. Targeted genomic integration can be used
to modify a broad spectrum of cells like human embryonic kidney (HEK) 293T or CHO
cells1?”119,120 T achieve the display of a membrane-bound protein of interest in one of the
cell lines the protein of interest will be genetically fused to a transmembrane (TM) domain
for example from the murine H-2Kk protein or from the platelet-derived growth factor
receptor (PDGFR)!3121 With the new gene editing methods, the generation of stable
transfected libraries rapidly increased due to a more convenient workflow with more
selection rounds possible without plasmid loss!!3114122-124 gnd 3 steadier genotype
phenotype coupling!'3. Compared to the beforementioned display techniques this method
has the great advantage that the later expression host can also be used for the selection of

the clones. Moreover, mammalian cells have a particularly suited expression machinery for
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proper folding of full-length Ig molecules with a human-like glycosylation and post-
translational modifications!?>'2®, These characteristics and the combinability with flow
cytometry enables a profound selection of candidates based not only on binding affinity but
also on aspects of developability!?’. Furthermore, mammalian cells can be used to express

128 35 well as full-length 1gs!17:121129-132 making a re-formatting into the final

mAb fragments
product format often accompanied with problems regarding impaired binding, folding, or
expression expandable!?®, Besides, mAb selection mammalian cell display is also used for TCR
identification3® or maturation’®. The major downside of mammalian display is the relatively
small library size that can be generated. Larger libraries range around 10° via random

113 Random

integration!'* and 10’ using directed integration into a pre-defined locus
integration has not only the disadvantage of variation in the expression level depending on
the transcriptional activity at the integration site’® but can also lead to multiple
integration!?2123, Multiple integrations coding for different variants can interfere with the
important phenotype genotype coupling and hamper the selection of favorable clones
substantially’®. To address both of these problems site-specific integration at pre-defined loci
is more and more used’®113117 Additionally, the implementation of somatic hypermutation
(SHM) in vitro led to an increase in library size!'”129132 |n this case cells are transfected with
the enzyme activation-induced cytidine deaminase (AID) mediating the cytosine to uracil
exchange and subsequent amino acid substitutions naturally during antibody affinity

maturation in B cells'3*13% To induce SHM in cells without endogenous AID expression it can

be transfected!3’-13% generating the same mutations as observed in in vivo SHM4°,

1.5 Site-specific Integration into Mammalian Cells

As mentioned before site specific integration can mediate the integration of a gene of interest
(GOI) into a targeted locus of the host genome!8, This has the advantage to achieve

141 3nd it makes

transcriptional normalization due to the insertion into the same genomic locus
stable expression more convenient!3114123124 = Enzymes that mediate side-specific
integration are called site-specific recombinases (SSR) and are very well suited for the
insertion or deletion of larger deoxyribonucleic acid (DNA) stretches!!®. The SSR most
frequently used for mammalian cell modification are bacteriophage P1-derived Cre,

bacteriophage derived ®C31 integrase, and the Flp recombinase from Saccheromyces
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cerivisisae. SSR have the advantage of being very specific since they recognize a 30-40 base

118 called recombination target sites (RTs)'4!. The RTs for Cre and Flp are

pair (bp) sequence
LoxP and FRT sites, respectively*2, The recombination using Cre or Flp allows also for a
reversion or a reuse of the targeted locus since the RTs remain unchanged after
recombination. However, it has the disadvantage that the excision reaction is favored for
thermodynamic and kinetic reasons'#. In contrast to this, the recombination by ®C31 using
the RTs attP and attB leads to formation of attL and attR sites, respectively, making a further
excision or reusage of the locus impossible since the attL and attR sites are not recognized by

118

the ®C31 recombinase . When the GOl is flanked by two RTs the recombination technique

is called recombinase-mediated cassette exchange (RMCE) (Figure 7).

hCMV
RT r—> Gene 1 RT,

—D E ' Tagged genomic
>< >< locus
hCMV

RT |—> Gene 2 RT,
B
{ ] - ._ - Donor vector for
L J  RMCE
RMCE
hCcmv
RT Gene 2 RT, Gene 2 expressing

-D— - -_ exchanged locus

Figure 7: Schematic principle of recombinase-mediated cassette exchange. The genomic host locus is tagged with a pair of
recombination sites (turquoise and petrol) flanking gene 1 (green). Adding of a recombinase leads to an exchange of the
cassette indicated by the grey crosses resulting in Gene 2 (red) being integrated into the host genome at a specific site.

To enable a directed integration into the tagged locus by RMCE heterospecific RTs were
exploited which are unable to recombine with each other. For Flp or Cre mediated RMCE
these could be for example F34* or LoxP2272 sites!®, respectively. Both variants have been
shown to be unreactive with the wildtype (wt) RTs*44>, Instead of using heterospecific RTs
the RTs from Cre and Flp can also be mixed#®. To increase the compatibility with mammalian
cell culture conditions the temperature-sensitive wt Flp was modified. The resulting Flpe
variant is stable at 37 °C and can therefore be used for mammalian cell engineering'*’. Even

though SSR are very suited for targeted DNA editing, they still have a few drawbacks. One of
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these is their very low but still detectable off-target recombination mediated by pseudo-sites
similar to their RTs!!8 leading to a background signal due to random integration!#. The best
studied example the ®C31 has around 100 of those pseudo-sites in the human genome.
Furthermore, the expression of certain SSR like Cre''® or ®C31 can be toxic for the host

especially when expressed highly or stably!*2,
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2 Aim of the Study

Immunotherapy including mAb and TCR-based bispecifics have raised high expectations in the
last years in the treatment of cancer. Nevertheless, there is still a large group of patients not
benefiting from the already approved therapies indicating a great medical need for novel
therapeutic agents. For the improvement of the preclinical development of such novel
therapeutics a mammalian display system should be generated allowing the screening and
maturation of TCR-based bispecifics. The mainly used maturation platforms like phage or
yeast display exhibit the above-mentioned shortcomings. The implementation of a
mammalian cell display platform could therefore be an important step towards a faster and
more profound selection of therapeutic candidates. A master cell line with a single copy
tagged locus in CHO cells for RMCE should be generated as a first step to allow screening and
maturation of molecules at a normalized expression level and assure the important
phenotype genotype linkage. Flow cytometric measurements were conducted to screen for
high and stable expression of the gene of interest from the tagged locus and to show that
membrane-bound expression of various TCR-based bispecific formats is possible from the
tagged locus. The newly established system is used to show the feasibility of screening and
selecting TCER® candidates from a PRAME pHLA specific library applying target and off-target
screening. Selected candidates from this library are tested for their in vitro potential assessing
their target cell killing, effector cell activation and cytokine-release ability.

All in all, this study should improve the preclinical development of TCR-based
immunotherapies with high affinities and favorable specificity profiles helping to bring the

power of T cells to cancer patients.
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3 Material and Methods

3.1 Material

3.1.1 Medium and Additives
Name

CD CHO

Cell Boost™ 7A - ADCF

Cell Boost™ 7B - ADCF
ClonaCell™-CHO ACF Supplement
ClonaCell™-CHO CD

DMEM

DMEM high glucose

Fetal Calf Serum

Geneticin

Gentamycin

GlutaMAX

HT Supplement

Human serum
HyClone ActiPro™
HyClone CDM4CHO™
HyClone HyCell CHO™

Manufacturer

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Cytiva, Marlborough, MA, USA

Cytiva, Marlborough, MA, USA

Stemcell™ Technologies, Vancouvetr,
Canada
Stemcell™ Technologies, Vancouvetr,
Canada

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Biozym, Hessisch Oldendorf, Germany
Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

c.c. pro, Oberdorla, Germany

Cytiva, Marlborough, MA, USA

Cytiva, Marlborough, MA, USA

Cytiva, Marlborough, MA, USA
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HyClone™ ActiSM™
HyClone™ CDM4PerMAb™

Hygromycin B

InstiGRO CHO
InstiGRO CHOPLUS
MEM NEAA, 100x

Penicillin/Streptomycin

Pluronic™ F-68 non-ionic surfactant

RPMI 1640 GlutaMax

RPMI 1640 without phenol-red

S.0.C. Medium

3.1.2 Cell Lines

Name Organism

A375 Homo sapiens

FreeStyle™ CHO-S™ Cricetulus griseus

HS695T Homo sapiens
SET-2 Homo sapiens
T98G Homo sapiens
UACC-257 Homo sapiens

Cytiva, Marlborough, MA, USA

Cytiva, Marlborough, MA, USA

Invitrogen by Thermo Fisher Scientific,
Waltham, MA, USA

SAL Scientific Ltd, Fordingbridge, UK

SAL Scientific Ltd, Fordingbridge, UK

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Lonza, Basel, Switzerland

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Gibco by Thermo Fisher Scientific, Waltham,
MA, USA

Thermo Fisher Scientific, Waltham, MA, USA

Disease Reference
Melanoma Giard et al.1#°
Puck et al.*>®
Melanoma Creasey et al.'>!
Essential Uozumi et al.?>?

thrombocytemia

Glioblastoma Stein®3
multiforme
Melanoma Leibovitz!>*
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3.1.3 Chemicals and Reagents
Name
0.25 % Trypsin/EDTA
1 kb DNA Ladder
10 % Pluronic® F-68
100 bp DNA Ladder
Accutase
Acetic Acid 100 %
Ampicillin
Ampuwa (sterile injection water)
Bacillol AF
Benzonase
Bovine Serum Albumin
Citric acid monohydrate (C¢HsO7 x
H20)
CryoSure-DMSO
CTL Wash 10x
D-Biotin
Di-Sodium hydrogen phosphate
dihydrate (Na;HPOs x 2 H;0)
Dubecco’s Phosphate-buffered
saline (DPBS)
EDTA
Ethanol
HCL (35-37 %)
Human serum albumin (HSA) 20 %
Isopropanol
LB Agar (Lennox)
LB Broth (Lennox), granulated
LB Medium (Lennox)

L-Glutamine

Manufacturer

Gibco by Thermo Fisher Scientific, Carlsbad, CA, USA
New England Biolabs, Ipswich, MA, USA

Gibco by Thermo Fisher Scientific, Carlsbad, CA, USA
New England Biolabs, Ipswich, MA, USA

PromoCell, Heidelberg, Germany

Merck, Darmstadt, Germany

Carl Roth GmbH, Karlsruhe, Germany

Fresenius Kabi, Bad Homburg, Germany

Bode Chemie GmbH, Hamburg, Germany

Merck, Darmstadt, Germany

Sigma-Aldrich, St. Louis, MO, USA

Sigma-Aldrich, St. Louis, MO, USA

WAK-Chemie Medical GmbH, Steinbach, Germany
C.T.L Europe, Bonn, Germany

Sigma-Aldrich, St. Louis, MO, USA

Sigma-Aldrich, St. Louis, MO, USA

Gibco by Thermo Fisher Scientific, Carlsbad, CA, USA

Carl Roth GmbH, Karlsruhe, Germany

Carl Roth GmbH, Karlsruhe, Germany
Sigma-Aldrich, St. Louis, MO, USA
Octapharma, Lachen, Switzerland

Carl Roth GmbH, Karlsruhe, Germany

Carl Roth GmbH, Karlsruhe, Germany

Carl Roth GmbH, Karlsruhe, Germany

Carl Roth GmbH, Karlsruhe, Germany
Thermo Fisher Scientific, Waltham, MA, USA

31



Material and Methods

MaxCyte® Electroporation Buffer
Pancoll human

PeqGREEN
Phenylmethylsulfonylfluorid
(PMSF)

Sodium acetate

Sodium azide

Sodium butyrate

Sodium hydroxide (NaOH)
Sodium hydroxide (NaOH) 1M
Sodium pyruvate
Sodiumchloride (NaCl)

Tris(hydroxylmethylaminomethan)

3.1.4 Buffers and Solutions

Name
1x TAE

50x TAE, pH 8.3

ActiPro™

ActiPro™ + G418

ActiSM™

Ampicillin

Cytiva, Marlborough, MA, USA
PAN Biotech GmbH, Aidenbach, Germany
Peqglab, Erlangen, Germany

Sigma-Aldrich, St. Louis, MO, USA

Merck, Darmstadt, Germany

Carl Roth GmbH, Karlsruhe, Germany
Sigma-Aldrich, St. Louis, MO, USA

Carl Roth GmbH, Karlsruhe, Germany
Chemsolute® Th.Geyer, Renningen, Germany
c.c. pro, Oberdorla, Germany

Carl Roth GmbH, Karlsruhe, Germany

Carl Roth GmbH, Karlsruhe, Germany

Components

20 mL 50 x TAE

980 mL H,0

242 g Tris

57.1 mL Acetic acid

100 mL EDTA 0.5 M, pH 8.0
Ad 1 L MilliQ H,0
ActiPro™

1 x HT supplement

8 mM GlutaMax

ActiPro™

1 x HT supplement

8 mM GlutaMax

1 mg/mL Geneticin (G418)
ActiSM™

1 x HT supplement

8 nM GlutaMax

2.4 g Ampicillin

24 mL MilliQ H,0
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CD CHO CD CHO
1 x HT supplement
8 mM GlutMax
0.1 % Pluronic
CDM4CHO™ CDM4CHO™

1 x HT supplement

0.1 % Pluronic
CDM4PerMAb™ CDM4PerMAb™

1 x HT supplement

8 mM GlutaMax
ClonaCell™-CHO CD ClonaCell™-CHO CD

1 x HT supplement

8 mM GlutaMax

CTL Wash 5 mL CTL Wash (10 x)
95 mL H;0
D-Biotin 77.9 mg D-Biotin
3.2 ml 200 nM Tris-Base
EDTA 0.5 M, pH8.0 29.2 g EDTA
200 mL H,O

NaOH (for pH adjustment)
Elution Buffer (Capture column)  17.7 g Citric acid monohydrate (84.4 nM)
5,6 g Di-Sodium hydrogen phosphate dihydrate
(31.2 nM)
Ad 1LH0
Sterile filtered
FACS Buffer (PBS, 1% BSA, 2 mM 5 g BSA

EDTA) 500 mL PBS
2 mLEDTA 0.5 M, pH 8.0
HyCell CHO HyCell CHO

6 mM GlutaMax
Injection Buffer HLA Refolding MilliQ H.0

Guanidine-HCL 3M

Sodium acetate 10 mM

EDTA 10 nM
LB Agar (Lennox) 35 g LB Agar
1LHO0
LB Broth 20 g LB Broth
1LHO0
LDH-Assay Medium RPMI 1640 without phenol-red

10 % human serum, heat-inactivated
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Medium D

Medium E

NaOH 0.5 M

SEC Running Buffer (TBSA)

Sodium azide, 10 %

Sodium butyrate 1 M

TCM

Tris-Base 200 mM

Wash Buffer (Capture column)

1 x GlutaMax

1 x Penicillin/Streptomycin
RPMI 1640 without phenolred
11.5 % Human serum albumin
RPMI 1640 without phenolred
11.5 % Human serum albumin
20 % DMSO

500 mL 1M NaOH

500 mL H,0

MilliQ H,O

20 mM Tris base pH 8

150 mM sodium chloride

0.02 % sodium azide

Sterile filtered and degassed
10 g Sodium azide

100 mL H20

110,09 g

1LHO0

RPMI GlutaMax

10 % human serum, heat-inactivated
1 % Penicillin/Streptomycin
20 pg/mL Gentamycin

1 % Sodium pyruvate

2.4 g Tris-Base

100 mL MilliQ H,0

1.5 g Tris (25 mM)

0.73 g NaCl

Ad 400 mL H,0

HCI (35-37 %) pH 7.1

Ad 500 mL H,0

Sterile filtered

3.1.5 General Laboratory Devices

Name

AE2000 Microscope
Akta Pure

BioMAT 2

Cellgard ES Class Il

Manufacturer

Motic, Barcelona, Spain

Cytiva, Marlborough, MA, USA

Contained Air Solutions Ltd, Middleton, UK

NuAire, Plymouth, MN, USA
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Centrifuge 5424 R
ChemiDoc™ XRS+

CoolCell FTS30

ED-13 stirred water bath
EMB 3000-1

MACSQuantX

MaxCyte STx/ATx

MEGA STAR 3.0R
MicroPulser™

Microwave

Minitron incubation shaker
MS3 basic
Multi-Application Cell Sorter
MA900

Multipette M4

Multitron incubation shaker
NanoDrop™ 8000

Nucleo Counter NC-250
Octet HTX

Pipetboy

Pipet-Lite XLS 0.1-2 pL
Pipet-Lite XLS 0.5-10 pL
Pipet-Lite XLS 10-100 pL
Pipet-Lite XLS 20-200 pL
Pipet-Lite XLS 2-20 pL
PowerPac Basic

ProfiLine Frigde & Freezer
RH basic 2 magnetic stirrer
SevenExcellence Multiparameter
Sorvall Lynx 6000

Spectral Analyzer SA3800

Eppendorf AG, Hamburg, Germany
Bio-Rad, Hercules, CA, USA
BioCision LLC, San Rafael, CA, USA
Julabo GmbH, Seelbach, Germany
Kern®, Balingen, Germany

Miltenyi Biotec, Bergisch Gladbach, Germany
MaxCyte, Gaithersburg, MD, USA
VWR International, Radnor, PA, USA
Bio-Rad, Hercules, CA, USA

Sharp, Osaka, Japan

Infors GmbH, Sulzemoos, Germany
IKA®, Staufen im Breisgau, Germany

Sony Biotechnology Inc, San José, CA, USA

Eppendorf AG, Hamburg, Germany

Infors GmbH, Sulzemoos, Germany

Thermo Fisher Scientific, Waltham, MA, USA
Chemometec, Allergd, Denmark

Sartorius, Goettingen, Germany

INTEGRA Biosciences GmBH, Biebertal, Germany
Mettler-Toledo Rainin, Oakland, CA, USA
Mettler-Toledo Rainin, Oakland, CA, USA
Mettler-Toledo Rainin, Oakland, CA, USA
Mettler-Toledo Rainin, Oakland, CA, USA
Mettler-Toledo Rainin, Oakland, CA, USA
Bio-Rad, Hercules, CA, USA

Liebherr, Biberach an der Rif}, Germany
IKA®, Staufen im Breisgau, Germany
Mettler-Toledo Rainin, Oakland, CA, USA
Thermo Fisher Scientific, Waltham, MA, USA

Sony Biotechnology Inc, San José, CA, USA
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SpectraMax ix3

SU1550

Sub-Cell® GT

Sub-Cell® Model 192
ThermoMixer C

Ultrafiltration stirred cell 8400
ViCell™ XR

Vortex Genie 2

3.1.6 Consumables

Name

10 pL BioClean Ultra

10 mL culture tube round bottom

10 mL Stripette

100 mL Reagent Reservoir

1000 mL non-baffled polycarbonate
Erlenmeyer Shake Flask with vented cap
1200 pL BioClean Ultra
125 mL non-baffled polycarbonate
Erlenmeyer Shake Flask with vented cap

15 mL High-Clarity tube

175 cm? Cell culture flask

2 mL 96-well deepwell plate

2 mL Serological pipet

200 pL BioClean Ultra

25 cm? Cell culture flask

Molecular devices, San José, CA, USA

Sustainable Lab Instruments, Mannheim, Germany
Bio-Rad, Hercules, CA, USA

Bio-Rad, Hercules, CA, USA

Eppendorf AG, Hamburg, Germany

Merck Millipore, Burlington, MA, USA

Beckman Coulter, Brea, CA, USA

Scientific Industries Inc. Bohemia, NY, USA

Manufacturer

Mettler-Toledo Rainin, Oakland, CA, USA
Carl Roth GmbH, Karlsruhe, Germany
Corning Incorporated, Corning, NY, USA
Corning Incorporated, Corning, NY, USA
Corning, Corning, NY, USA

Mettler-Toledo Rainin, Oakland, CA, USA

Corning, Corning, NY, USA

Falcon by Corning Incorporated, Corning,
NY, USA
GreinerBio-One GmbH, Frickenhausen,
Germany

Thermo Fisher Scientific, Waltham, MA, USA
Falcon by Corning Incorporated, Corning,
NY, USA

Mettler-Toledo Rainin, Oakland, CA, USA
Frickenhausen,

GreinerBio-One  GmbH,

Germany
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25 mL Stripette

250 mL non-baffled polycarbonate
Erlenmeyer Shake Flask with vented cap
300 pL BioClean Ultra

5 mL Stripette

50 mL Reagent Reservoir

50 mL Stripette

500 mL non-baffled polycarbonate
Erlenmeyer Shake Flask with vented cap

75 cm? Cell culture flask

96-well plates flat bottom
96-well plates U-bottom

Amicon 15-Ultra centrifugal filter device
CellStar 12 Well Cell Culture Plate
CellStar 48 Well Cell Culture Plate
CellStar 96 Well Cell Culture Plate
CellStar Cellreactor Tube, 50 mL
CellStar Tube, 50 mL

Costar 96 Well Cell Culture Plate
Cryo.s 2 mL vial

Disposal Bags

HiLoad 26/600 Superdex 75 pg

Injekt® single use syringe (luer lock)

Inoculation loop
Kimtech Purple Nitrile Xtra Gloves
Kimwipes

Moisture Barrier Seal 24

Corning Incorporated, Corning, NY, USA
Corning, Corning, NY, USA

Mettler-Toledo Rainin, Oakland, CA, USA
Corning Incorporated, Corning, NY, USA
Corning Incorporated, Corning, NY, USA
Corning Incorporated, Corning, NY, USA
Corning, Corning, NY, USA
GreinerBio-One GmbH, Frickenhausen,
Germany

Greiner Bio-One, Kremsmuenster, Austria
Greiner Bio-One, Kremsmuenster, Austria
Merck Millipore, Burlington, MA, USA
Greiner Bio-One, Kremsmuenster, Austria
Greiner Bio-One, Kremsmuenster, Austria
Greiner Bio-One, Kremsmuenster, Austria
Greiner Bio-One, Kremsmuenster, Austria
Greiner Bio-One, Kremsmuenster, Austria
Corning Incorporated, Corning, NY, USA
Greiner Bio-One, Kremsmuenster, Austria
Carl Roth GmbH, Karlsruhe, Germany

GE Healthcare, Chicago, IL, USA

B. Braun Deutschland GmbH & Co. KG,
Melsungen, Hessen

Carl Roth GmbH, Karlsruhe, Germany
Kimtech, Roswell, GA, USA

Carl Roth GmbH, Karlsruhe, Germany
4titute

Ltd by Brooks Life Sciences,

Chelmsford, MA, USA
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Moisture Barrier Seal 96

0OC-100x2 Electroporation cuvette
OC-25x3 Electroporation cuvette
0C-400 Electroporation cuvette
Parafilm PM-996

PCR Plate

Petri dish sterile

Safe-Lock Tubes 0.5 mL
Safe-Lock Tubes 1.5 mL
Safe-Lock Tubes 2.0 mL
Safe-Lock Tubes 5 mL

Scale pan

Sterican® single use canula, blunt

Stericup® and Steritop®

Sterile syringe filter Puradisc 0,22 pm
Toyopearl AF-rProteinL-650F
Ultrafiltration membrane 30 kDa

Wide-mouth bottle

3.1.7 Kits
Name
CytoTox 96 Non-Radioactive Cytotoxicity
Assay Kit
MACSPIlex Cytotoxic T/NK Cell Kit, human

4titute Ltd by Brooks Life Sciences,
Chelmsford, MA, USA

MaxCyte, Gaithersburg, MD, USA

MaxCyte, Gaithersburg, MD, USA

MaxCyte, Gaithersburg, MD, USA

Bemis, Neenah, WI, USA

Carl Roth GmbH, Karlsruhe, Germany
GreinerBio-One GmbH, Frickenhausen,
Germany

Eppendorf, Hamburg, Germany

Eppendorf, Hamburg, Germany

Eppendorf, Hamburg, Germany

Eppendorf, Hamburg, Germany

Carl Roth Carl Roth GmbH, Karlsruhe,
Germany

B. Braun Deutschland GmbH & Co. KG,
Melsungen, Hessen

Merck Millipore, Burlington, MA, USA
Cytiva, Marlborough, MA, USA

Tosoh Bioscience, Tokio, Japan

Merck Millipore, Burlington, MA, USA
Thermo Scientific Nalgene by Thermo Fisher

Scientific, Waltham, MA, USA

Manufacturer
Promega, Madison, WI, USA
Miltenyi Gladbach,

Biotec, Bergisch

Germany
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NucleoBond® Xtra Maxi EF
NucleoBond® Xtra Midi EF
NucleoSpin® Gel and PCR Clean-up
Phire Tissue Direct PCR Master Mix
QlAprep® Spin MiniPrep Kit
QIFIKIT®

SartoClear Dynamics

3.1.8 Bacteria Strain
Name

E.coli TOP10

3.1.9 Enzymes
Name
BirA ligase
EcoRl
Flp
Leupeptin
Nhel
Pepstatin
Phusion® Polymerase
Pvul

T4 DNA Ligase

3.1.10 Antibodies
Name
APC anti-human CD69
APC/Cyanine7 anti-human CD8a

Biotin anti-human IgG Fc (Clone HP6017)

Macherey-Nagel, Dueren, Germany
Macherey-Nagel, Dueren, Germany
Macherey-Nagel, Dueren, Germany
Thermo Fisher Scientific, Waltham, MA, USA
Qiagen, Hilden, Germany

Dako Denmark ApS, Glostrup, Denmark

Sartorius AG, Goettingen, Germany

Manufacturer

Thermo Fisher Scientific, Waltham, MA, USA

Manufacturer

Avidity LLC, Aurora, CO, USA

New England Biolabs, Ipswich, MA, USA
Miltenyi Biotec, Bergisch Gladbach, Germany
Roche, Basel, Switzerland

New England Biolabs, Ipswich, MA, USA
Roche, Basel, Switzerland

New England Biolabs, Ipswich, MA, USA

New England Biolabs, Ipswich, MA, USA
Thermo Fisher Scientific, Waltham, MA, USA

Manufacturer

BioLegend, San Diego, CA, USA
BioLegend, San Diego, CA, USA
BioLegend, San Diego, CA, USA
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Brilliant Violet 421™ anti-human CD56
(NCAM)

CD28 antibody [9.3]

eBioscience™ Anti-Hu Vb5.1 TCR APC (Clone
LC4)

FITC anti-human CD4

Mouse anti-human CD8-Biotin

PE anti-human CD25

PE/Cyanine7 anti-human CD3

Purified anti-human CD3 antibody [OKT3]
Streptavidin, Alexa Fluor™ 647 conjugate
Streptavidin,  Allocyanin,  crosslinked
conjugate
Streptavidin, R-phytoerythrin conjugate
[SAPE]

3.1.11 Vectors
Name
pJD1
pJD4
pJD5
pMH1

3.1.12 Plasmids
Name Source

11581_alpha_pMH1

11581_pJD1

11594 _alpha_pMH1

BioLegend, San Diego, CA, USA

University of Tuebingen, Tuebingen,
Germany

eBioscience, by Thermo Fisher Scientific,
Waltham, MA, USA

BioLegend, San Diego, CA, USA

BD Pharmingen, San Diego, CA, USA
BioLegend, San Diego, CA, USA

BioLegend, San Diego, CA, USA

BioLegend, San Diego, CA, USA

Invitrogen by Thermo Fisher Scientific,
Waltham, MA, USA

Invitrogen by Thermo Fisher Scientific,
Waltham, MA, USA

Invitrogen by Thermo Fisher Scientific,

Waltham, MA, USA

Source/Reference

Dilchert unpublished
Dilchert unpublished
Dilchert unpublished

Hofmann unpublished

GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
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11594 _piD1
11611_alpha_pMH1
11611_piD1
11614_alpha_pMH1
11614_beta_pMH1
11614 _piD1
11623_alpha_pMH1
11623 _beta_pMH1
11623_piD1
7435_alpha_pMH1
7435 _beta_pMH1
7435_pJD1
7445_alpha_pMH1
7445_beta_pMH1
7445_plD1
7467_alpha_pMH1
7467 _beta_pMH1
7467_plD1
7475_alpha_pMH1
7475_beta_pMH1
7475_plD1
7480_alpha_pMH1
7480_beta_pMH1
7480_pJD1
DuoFc_pJD5
Flpe_pMH1

GFP_pID1

HC-scTv_pJD5
LC-scTv_pJD5

GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA

Cloned with inserts ordered from GenScript, Piscataway

Township, NJ, USA

Cloned with inserts ordered from GenScript (Piscataway

Township, NJ, USA)
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
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RFP_pJD1 Cloned with inserts ordered from GenScript (Piscataway
Township, NJ, USA)

ScFc_plJD5 GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
scTv_pJD5 GeneArt by Thermo Fisher Scientific, Waltham, MA, USA
TCER_pJD1 GenScript, Piscataway Township, NJ, USA

TCER_pJD5 GeneArt by Thermo Fisher Scientific, Waltham, MA, USA

3.1.13 PCR Primer
Primers were ordered from Sigma Aldrich (Sigma-Aldrich, St. Louis, MO, USA) at a

concentration of 100 uM and stored at -20 °C.

Name Sequence (5’-3’)

A03_head_forw GGAGTCTATGTATGTGCAC

A03_tail_rev GTCGAAGCGGCGGC

Flpe_forw_Nhel GAAGCTGGCTAGCGCCGCCACCATGAGCCAGTTCGACATCC
Flpe_rev_EcoRI CTGGATATCTGCAGAATTCTCAGATCCGCCTATTGATATAG
GFP_forw CTGGCTAGCGCCGCCACCATGGTGTCCAAGGGAGAGG
GFP_rev TCTGCAGAATTCCACTTATACAGCTCATCCATGC

HiAff#1_TLA_forw GCACGGCGAGGAACGG
HiAff#1_TLA_rev CCGCCTTGGTCATTGTCG

JD057 CAGCGCCTACTCTGAGG

JD059 GCTGGATATCTGCAGAATTCC

JD061 GACACGAAGCTGGCTAG

JD065 CTTGCTGGCAGAAGTAGG

RFP_forw ACGAAGCTGGCTAGCGCCGCCACCGCCTCCAGCGAGGACG
RFP_rev CTGGATATCTGCAGAATTCTCAAGCGCCGGTGC
RFP_TLA_forw GAGGCCTCTACAGAGAG

RFP_TLA_rev CAGCTTGGCTGTCTGG
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3.1.13.1 Sequencing Primers
Name
GFP forward (SP54)
GFP reverse (SP55)
RFP forward (SP17)
RFP reverse (SP18)
TCER Chain 1 reverse (SP60)
TCER Chain 2 reverse (SP59)

3.1.14 Peptide Sequences

Sequence (5’-3’)
GGCAAGCTGACACTGAAG
CCTCTTCTCGTTTGGGTC
CAGTACGGCTCCAAGGC
CCATTGTCTTCTTCTGCATCAC
GAGATAGTCAGGGTATAGTC
CTTCACTTCTGGGTCCTC

Sequence at peptide position*

1 2 3 4 5 6 7 8 9
PRAME S L L Q H L I G L
Similar 1 . X X X X
Similar 2 X X X
Similar 3 X . X X X
Similar 4 X X
Similar 5 X X X
Similar 6 X X
Similar 7 X X
Similar 8 X . X
Similar 9 . X X X . . . X
Similar 10 X X . X
Similar 11 X X X X . . . X X

uyu

* with “x“ representing a variation to the PRAME peptide and “.” representing a wt residue

3.1.15 Software Programs
Name
Cell Sorter Software 3.2.0
FlowJo Software (10.7.1)
Geneious Prime (2020.2.5)
GraphPad Prism (9.2.0)
HT Software 12.0

Manufacturer

Sony Biotechnology Inc, San José, CA, USA
Becton Dickinson, Franklin Lakes, NJ, USA
Biomatters Ltd, Auckland, New Zealand
GraphPad Software, San Diego, CA, USA

Sartorius, Goettingen, Germany
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Image Lab 5.2.1

Microsoft Office 365
Quantify Software 2.13.2
SA3800 Software 2.0.4.13263
SoftMax Pro 7

3.2 Methods

3.2.1 Cell Culture

3.2.1.1 Tumor Cells

Bio-Rad, Hercules, CA, USA

Microsoft Cooperation, Redmond, USA
Miltenyi Biotec, Bergisch Gladbach, Germany
Sony Biotechnology Inc, San José, CA, USA

Molecular devices, San José, CA, USA

All tumor cell lines were cultured at 37 °C, 5 % CO,, 80 % relative humidity (rH) and were

passaged when more than 80 % confluent. For adherent cells cell culture medium was

removed and cells were washed once with 1x PBS and detached using 0.05 % Trypsin/EDTA

or Accutase. Cells were incubated at 37 °C until the cells were completely detached. The

culture medium was used to inactivate the detaching enzyme and cells were centrifuged for

5 min at 300 g. Afterwards cells were resuspended in the respective culture medium and

counted via the ViCell XR device. The desired cell number was split into a new cell culture flask

with the respect volume of culture medium. Suspension cell lines were counted via the ViCell

XR device and the respective cell number was centrifuge at 300 g for 5 min and resuspended

in the desired volume of culture medium.

Table 1: Cell Lines Overview

Cell Line Type

A375 Adherent
HS695T Adherent
SET2 Suspension
T98G Adherent
UACC257 Adherent

Medium Seeding Density
DMEM high glucose + 10 % FCS ~ 0.14-0.042 mio/mL
DMEM high glucose + 10 % FCS ~ 0.112-0.14 mio/mL
RPMI 1640 + 20 % FCS 0.7-1.12 mio/mL
DMEM high glucose + 10 % FCS + 0.028-0.056 mio/mL
1 x MEM NEAA

RPMI 1640 + 15 % FCS 0.042-0.07 mio/mL
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3.2.1.2 CHO Cells

3.2.1.2.1 Routine Culture

CHO cells were cultured at 37 °C, 5 % CO,, 70 % rH at 95 (flasks) or 145 (tubes) rotations per
minute (rpm) and were passaged three times a week. Cells were counted with the ViCell XR
device and seeded at 0.25 mio/mL for two days and at 0.1 mio/mL for three days. The desired
cell number was directly transferred into a new culture tube or flasks when the needed
volume was smaller than 3 ml or was centrifuged for 5 min at 300 g and resuspended into
new medium when the volume was above that. Depending on the resistance status cells were
either cultivated in ActiPro without G418 or with Img/mL G418. Cells with a culture volume
under 20 mL were incubated in 50 mL cell culture tubes and cell cultures with larger volumes

in respective Erlenmeyer flasks.

3.2.1.2.2 Single Cell Culture

Single cells after single cell sorts were cultured in 100 uL CD-CHO with 1:20 InstiGRO CHOPLUS
and were incubated for 10-14 days without shaking in a 96-Well flat bottom plate with a gas
permeable adhesive film at 37 °C, 5 % CO,, and 80 % rH. Monoclonal cultures were then
expanded in 1-2 mL ActiPro with 1 mg/mL G418 in culture tubes at 37 °C, 5 % CO2, 70 % rH

and were treated as routine culture afterwards.

3.2.2 Peripheral Blood Mononuclear Cells (PBMCs)

3.2.2.1 Isolation and Freezing

Leukaphereses from healthy HLA-A*02:01 positive donors were obtained from the Deutsches
Rotes Kreuz Mannheim for the isolation of PBMCs via density gradient separation. The
leukapheresis product was diluted at a 1:1 ratio with PBS and carefully layered over 15 mL
Pancoll. The samples were centrifuged at 800 g at room temperature (RT) for 20 min without
brake. The formed PBMC layer was carefully transferred into a new 50 mL tube and washed
once with PBS by centrifugation at 300 g at RT for 10 min. The supernatant was discarded, the
pellet resuspended and pooled in PBS with 1 % HSA. The cells were counted with the ViCell™
XR device. The cells were centrifuged again and resuspended in the appropriate volume of

medium D.
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Medium D /E — Total cell count )
edium D/ "~ Frozen cell concentration [x1036/mL]x

The calculated volume of Medium E was added dropwise while swirling the tube. The cell
suspension was transferred into 2 mL cryotubes, put into a CellCool FTS30 container, and
stored in a -80 °C freezer for at least 3 days before transferring the cells into liquid nitrogen

storage.

3.2.2.2 Thawing

Cryotubes were thawed in a 37 °C water bath until only a small lump of ice remained. The
cells were resuspended in CTL Wash with 0.1 % Glutamine and 50 U/mL Benzonase and
centrifuged at 300 g at RT for 10 min. Afterwards cells were resuspended in T cell medium
(TCM) with 10 U IL-2 and counted via the ViCell™ XR device. Cells were adjusted to a density
of 5 mio/mL and transferred into a cell culture flask followed by incubation over night at 37

°C, 5% CO3,and 80 % rH.

3.2.3 Co-culture

When using adherent target cells, these were plated one day before co-culture start.
Therefore, the target cells were harvested by discarding the medium, rinsing the flask with
PBS and adding Accutase. The cells were incubated at 37 °C until they detached from the flask.
The reaction was stopped by adding culture medium with subsequent centrifugation at 300 g
for 5 min. Hereafter, the supernatant was discarded, cells were resuspended in culture
medium, and counted using the ViCell™ XR. The cell density was adjusted to 0.1 mio/mL and
100 plL was added to each well of a 96-Well flat bottom plate according to the experimental
setup. The plates were put on an orbital shaker for 30 sec at 450 rpm to evenly distribute the
cells in the well. The plates were incubated over night at 37 °C, 5 % CO>, and 80 % rH. At the
same day the effector cells (PBMCs) were thawn as described above in the section PBMC —
Thawing (3.2.2.2). The next day the medium from the adherent target cell line was removed
and 50 pL/well LDH-AM with 10 U/mL Interleukin-2 (IL-2) was added. When working with
suspension cells, they were harvested at 300 g for 5 min. The supernatant was discarded and
cells were resuspended in LDH-AM with 10 U/mL IL-2. The cell density was determined using

the ViCell™ XR and adjusted to 0.2 mio/mL to apply 10 000 target cells per well when adding
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50 ul of the cell suspension to each well of a 96-Well round bottom plate according to the
plate setup (Figure 8). Hereafter, serial dilutions of the TCER® molecules were performed in
LDH-AM with 10 U/mL IL-2 with the threefold of the starting concentration, since it was
diluted 1:3 with effector and target cells. 50 pL of each dilution was added to the respective
well of the 96-Well plate according to the plate set-up. The control wells were all filled up
with LDH-AM with 10 U/mL IL-2 to reach a final volume of 150 pL after adding the effector
cells. The effector cells were transferred into a 50 mL tube and centrifuged at 300 g for 5 min.
The supernatant was discarded and the cells were resuspended in LDH-AM with 10 U/mL IL-
2. Cells were counted using a ViCell™ XR and the density was adjusted to 2 mio/mL to apply
100 000 effector cells in each well when pipetting 50 uL of the cell suspension into each well

according to the plate setup.

3.2.4 Lactatdehydrogenase (LDH)-Release Assay

The LDH-release assay was performed using the CytoTox 96® non-radioactive cytotoxicity
assay kit. After performing the co-culture 15 pL of the 10x lysis solution was added to the
maximum LDH release (Target cells + Lysis) and the volume correction control (Medium +
Lysis) (Figure 8). The plates were incubated for 30 sec at 450 rpm on an orbital shaker and
spun down for 1 min at 300 g. The plates were put in an incubator for 48 h at 37 °C, 5 % CO,,

and 80 % rH. All conditions were plated as triplicates.
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10 11 12

A PBS

PBMCs

(Effector spontaneous release)

Medium
(Medium background control)

Medium + Lysis
(Volume correction control)

C 10 nM 1nM

Target cell line + PBMCs + TCER 1

10pM  1pM 0.1 pM

Target cell line + PBMCs + TCER 2

10 nM 1nM

100 pM

10pM  1pM 0.1 pM

Target cell line + PBMCs + TCER 3

Target cell line + PBMCs + TCER 4

(Target spontaneous release)

(Negative control)

F [10nM  1nM 10pM  1pM  01pM | 10nM  1nM 100pM 10pM  1pM 0.1 pM
G
H PBS Target cells Target cells + PBMCs Target cells + Lysis

(Maximum release)

Figure 8: Plate layout for the LDH release assay. Target cell line and PBMCs were inserted into the respective wells of a
96- Well flat bottom plate. TCER® molecules were assessed as triplicates in serial dilutions from 10 nM - 0.1 pM. Lysis
solution was added to the labelled wells to measure the maximum of LDH release of the target cells.

On the day of the readout the assay buffer was thawn in a water bath at 37 °C 1-2 h before
harvesting of the supernatant. Subsequently the substrate mix and the assay buffer were
brought to RT protected from light. Cells were centrifuged at 300 g for 4 min and 50 plL
supernatant was transferred into a new 96-Well flat bottom plate. Now the assay buffer and
the substrate mix were reconstituted and 50 pL of the reagent was added per well. The plate
was incubated for 30 min at RT in the dark and 50 uL stop solution was added after the
incubation period. The absorbance was measured within 1 h at 490 nm and 650 nm in a

SpectraMax i3x. The cytotoxicity (%) was calculated as followed and X was defined as:
X = AA490 — 650:

a) Xcorr =X — Mean X (Medium Background Control)

b) X (Max release) = Mean X (Max release) — Mean X (Volume correction control)

Xcorr—Mean X (Ef fector sponanteous)—Mean X (Target spontaneous)

c) % Cytotoxicity = * 100

X (Max release)—Mean X (Target spontaneous)
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3.2.5 Activation Assay

Activation of different cell populations after co-culture was detected using the following
staining panel: CD3-PE/Cy7 (1:200), CD4-FITC (1:20), CD8-APC/Cy7 (1:50), CD25-PE (1:25),
CD56-BV421 (1:50), CD69-APC (1:50). Dead cells excluded from the analysis by staining with
Fixable Viabilit Dye eFlour™ 506 (1:100). Cells were washed with MACSQuant running buffer
between the staining steps. Staining was performed 20 min in the dark at 4 °C shaking
(450 rpm) for live/dead and 30 min in the dark at 4 °C shaking for the antibody mix. The read

out was performed on a MACSQuantX device.

3.2.6 Cytokine-release Assay

Cytokine release assays were performed using the MACSPlex cytotoxicity T/NK cell kit
following the manufacture’s instruction. Analysis was performed using the express mode in
the MACSQuantify Software (version 2.13.2). OKT CD3 antibody and a CD28 antibody were

used for positive controls. The measurement was performed via a MACSQuantX device.
3.2.7 Flow Cytometry

3.2.7.1 Staining for Analyses

All steps were performed with chilled reagents and buffers. Incubation and centrifugation
were done at 4 °C and in the dark. A least 1 x 10° cells were pelleted by centrifugation at 300 g
for 3 min. Analysis were performed in a 96-Well round bottom plate. Cells were washed with
FACS Buffer (PBS, 1 % BSA, 2 mM EDTA) and centrifuged again. The applied staining solution
and the following handling depends on the desired analysis method. Detection of monomer
binding was performed by resuspending the cells in 50 pL staining solution containing
biotinylated PRAME pHLA complexes and incubating them for 30 min at 4 °Cin the dark. After
the incubation time cells were washed twice and resuspended in 50 pL of a second staining
solution containing streptavidin coupled fluorescent dyes. In order to detect tetramer binding
cells were resuspended in 50 pL staining solution containing 10 nM of fluorescently labelled
pHLA tetramers. For the detection of the expression level an anti-VB5.1-APC antibody was
used. After the incubation cells were washed once and resuspended in 70 uL FACS Buffer and
binding was measured using a Sony Spectral Analyzer. Dead cells and doublets were excluded

from the measurement by gating.
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3.2.7.2 Sorting after RMCE

All steps were performed with chilled reagents and buffers under a laminar flow hood.
Incubation and centrifugation were done at 4 °C and in the dark. In order to enrich cells with
a correctly exchanged locus, they were sorted regarding the expression of the GOI in the
tagged locus. For the detection of fluorescent proteins like red fluorescent protein (RFP) or
green fluorescent protein (GFP) cells were washed only once with FACS Buffer and then
directly applied to sorting. Cells expressing a non-fluorescent protein from the tagged locus
were stained with biotinylated pHLA monomers and subsequently with fluorescent coupled
streptavidin for 30 min in the dark at 4 °C. Cells were washed twice between the first and the
second staining solution by centrifugation and resuspended in FACS Buffer. After the last
staining step cells were resuspended in FACS Buffer to achieve a sorting rate of 200-2000
events per second at a moderate sample flow rate using Sony MA900 in targeted mode with
a 100 um sorting chip. Dead cells and doublets were excluded by gating. Cells were collected
in a 15 mL tube and afterwards resuspended in the culture medium and incubated at 37 °C, 5

% CO2, 145 rpm, and 70 % rH in a 50 mL tube with vented cap.

3.2.7.3 Library Sorting with Target and Off-target Staining

All steps were performed with chilled reagents and buffers under a laminar flow hood.
Incubation and centrifugation were done at 4 °C and in the dark. Libraries including a GOl with
a specificity for a pHLA complex were stained using a staining solution that contained the
biotinylated pHLA complex along with off-target peptides as fluorescently labelled tetramers.
Incubation was performed for 30 min in the dark at 4 °C. After the incubation cells were
washed twice and stained with a streptavidin-coupled fluorescent dye. Cells were once again
incubated for 30 min in the dark and washed afterwards. The resuspension volume was
chosen the way that a flow rate of around 2000 events per second for bulk sorts or 200 events
per second for single cell sorts (SCS) at a moderate sample flow rate was achieved. A Sony
MA900 was used in targeted mode with a 100 pum sorting chip. Dead cells and doublets were

excluded by gating.
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3.2.8 Plasmid Preparation

3.2.8.1 Transformation
One Shot™ TOP10 electrocompetent Escherichia coli (E.coli) cells were transformed by
electroporation according to the manufacturer’s instruction. Single clones were picked and

expanded for plasmid DNA isolation in LB broth containing 100 pg/mL Ampicillin.

3.2.8.2 Small Scale Plasmid DNA Isolation

In order to check for the correct plasmid DNA in single clones, each clone was expanded in
5 mL LB broth containing 100 pg/mL Ampicillin at 37 °C and 170 rpm for 7-12 h. Afterwards
the plasmid DNA was isolated using the QlAspin® Miniprep Kit following the manufacturer’s
instruction. DNA concentration was estimated using a NanoDrop 8000 via absorbance
measurements at 260 nm. The ratiozso/250 was used to estimate the purity of the sample. DNA

was further analyzed via sequencing.

3.2.8.3 Large Scale Plasmid DNA Isolation

Plasmid DNA isolation was performed using the NucleoBond® Xtra Midi or Maxi EF Kit
following the manufacturer’s instructions. The obtained DNA was heated for 20 min at 95 °C
and handled sterile afterwards. DNA concentration was measured using the NanoDrop 8000
via absorbance measurements at 260 nm. The ratiozso/230 Wwas used to estimate the purity of

the sample.

3.2.9 Sequencing
Samples for sequencing were send to MicroSynth Seqlab GmbH, Géttingen Germany. Primers

for sequencing were synthesized and stored at MicroSynth.

3.2.10 Transfection of CHO Cells

CHO cells were cultured in ActiPro Medium and were splitted the day before the transfection
to a density of 1.5 mio/mL and cultured as described for the Routine Culture (3.2.1.2.1). At
the day of the transfection the required cell number was harvested and washed once with
the MaxCyte® Electroporation Buffer. Afterwards cells were resuspended in the required

volume of Electroporation Buffer to obtain a cell density of 200 mio/mL.
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3.2.10.1 Transient Transfection

For transient transfection both plasmids encoding each one of the two TCER® chains were
added (1.5 pg/mio) to the cells and mixed. The mixture was transferred into an OC-400
electroporation cuvette and electroporated using the CHO program of the STx Maxcyte
system. Afterwards cells pulsed with the same DNA was pooled and rested in a 25 cm? cell
culture flasks at 37 °C, 70 % rH, and 5 % CO; for 40 min. After resting the cells were transferred
into shake flasks with a density of 4 mio/mL and incubated for 24 h. The next day a
temperature shift from 37 °C to 32 °C was performed and Sodium butyrate was added to the
culture to a final concentration of 1 mM. The cells were fed on day 4, 6, and 8 with Cell Boost
7A and 7B, 5 % and 0.5 %, respectively. Cells were harvested either when the cell viability was
below 70 % or after day 11. The supernatant was filtered using the SartoClear Dynamics®
Lab V. Afterwards, Sodium azide was added to a final concentration of 0.1 %. The supernatant

was stored at 4 °C until it was purified using a Akta Pure 25.

3.2.10.2 Stable Transfection

For stable transfection the plasmid DNA was linearized and added at a final concentration of
1 pg/mio cells to the CHO cells. The DNA/cell mixture was transferred into an electroporation
cuvette and pulsed using the CHO-2 program of the STx/ATx MaxCyte system. After the
electroporation the cells were rested for 40 min at 37 °C, 70 % rH, and 5 % CO; without
shaking. Next, the cells were transferred into ActiPro™ at a density of 4 mio/mL and incubated
for 24 h at 37 °C, 70 % rH, and 5 % CO; at 95 rpm. The next, day cells were transferred into

culture medium with selection pressure (1Img/mL G418) and expanded.

3.2.10.3 RMCE

For RMCE the donor vector was added to the desired cell number to achieve a final
concentration of 1 pg/mio cells. The RNA encoding the recombinase (Miltenyi Biotec) was
added with a final concentration of 4 ug/mio cells. The cell/DNA/RNA mixture was transferred
into an electroporation cuvette and pulsed using the CHO-2 program of the STx/ATx MaxCyte
system. Afterwards, cells were rested for 40 min at 37 °C, 70 % rH, and 5 % CO; without
shaking. The cells were then transferred into a shake flask with a cell density of 4 mio/mL in
ActiPro™ Medium. On the next day, the cells were centrifuged and resuspended with a cell

density of 0.25 mio/mL or 0.1 mio/mL into ActiPro™ containing 1 mg/mL G418 for 2 or 3 days,
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respectively. After expansion cells were sorted or analyzed as described in Sorting after RMCE

(3.2.7.2).

3.2.10.4 Stable Cell Line Generation

The aim was to obtain a stable CHO cell line expressing a GOl stably from a single copy locus.
Therefore, a GFP encoding vector was added as linearized DNA. The stable transfection was
performed as described in Stable Transfection (3.2.10.2). After cultivation for two weeks two
rounds sorting the top 2 % of GFP expressing cells were performed. The top 2 % of the cells
underwent a RMCE step exchanging GFP against RFP as described in RMCE (3.2.10.3). Cells
were single cell sorted for RFP only expressing cells to increase the chance of having only cells
expressing the GOI from a single copy landing pad. Cells expressing GFP or GFP and RFP were
discarded. The single cells were expanded as described in Single Cell Culture (3.2.1.2.2). The
monoclonal cell cultures were screened for high long-term RFP expression and selected
clones were sent for Targeted Locus Amplification (TLA) analysis to Cergentis B.V. described
in de Vree et al.'®. Cells with multicopy integrations were discarded and a single copy clone

with a reusable landing pad was expanded as the master cell line.

3.2.11 Protein Purification

Soluble proteins were purified via Tandem purification using an Akta Pure 25 with a ProteinL
and Size-Exclusion Column. Elution of protein-L bound proteins was performed at pH 2.8.
Monomeric fractions were pooled and concentrated using an Amicon Ultra-15. The
concentrated proteins were sterile filtered (0.22 um) and the concentration was estimated
using a NanoDrop 8000 using a specific extinction coefficient based on the primary amino acid

sequence.

3.2.12 Biolayer Interferometry

The affinity of TCER® molecules for different pHLA complexes was measured on an Octet
HTX system using kinetic or steady state binding analysis. All analytes or ligands were diluted
to their final concentration in kinetics buffer (PBS, 0.1% BSA, 0.05% Tween-20). HIS1K
biosensors with immobilized Penta-His were hydrated for at least 10 min in kinetics buffer

before use. Loadings and measurements were performed in 384 tilted well plates with 60 pL
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sample volume at a 3 mm sensor offset. Plate temperature was set to 30°C and shaker speed
to 1000 rpm. To allow inter-step correction, baseline before association phases and the
following dissociation phase were performed in the same well. All sensograms were analyzed
using the Octet system software data analysis HT 12.0. Raw sensor data was aligned at the Y
axis by adjusting the data to the end of the baseline step. Alignment of the start of the
dissociation to the end of the association phase was done via inter-step correction. Savitzky-
Golay filtering was applied to smooth the obtained data. The resulting sensograms were fitted

using a 1:1 Langmuir kinetics binding model.

3.2.13 DNA Amplification

3.2.13.1 Genomic PCR

To check for a correct exchange of the landing pad genomic PCR was performed using the
Phire Tissue Direct PCR Master Mix following the instructions for the Dilution & Storage
Protocol of the manufacturer. Primers were designed so that one of them binds in the
adjacent genomic part and one in the GOI in the landing pad. The following two primer pairs
were tested: AO3_head_forw and RFP_TLA_rev/HiAff#1_TLA rev as well as A03_tail_rev and
RFP_TLA forw/HiAff#1 TLA forw. The primer for the GOl was adapted for either the
fluorescent expression marker (RFP) or the introduced TCER®molecule. The obtained product
was analyzed via Gel Electrophoresis.

The clonal DNA sequence of the TCER® library was obtained with the following primers for
the TCR alpha chain JD061 and JD065 and JD0O57 and JD059 for the TCR beta chain. The

obtained products were sent for sequencing.

3.2.13.2 Plasmid PCR
For the amplification of plasmid DNA templates, the 2x MasterMix of the Phusion®

High-Fidelity Polymerase was used following the instructions of the manufacturer.
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3.2.14 Cloning

3.2.14.1 Cloning Strategy RFP_pJD1 and GFP_pJD1
The sequences of RFP and GFP were amplified with the primer pair RFP_forw/RFP_rev. and
GFP_forw and GFP_rev, respectively. The amplicons and the vector pJD1 were digested with

Nhel and EcoRl and cloned into pJD1 resulting in RFP_pJD1 and GFP_pJD1.

3.2.14.2 Cloning Strategy Flpe_pMH1 and Cre_pMH1

The vectors expressing the recombinases Flpe and Cre were generated by the amplification
of the templates ordered from  GenScript using the primer pairs
Flpe_forw_Nhel/Flpe_rev_EcoRl and Cre_forw_Nhel/Cre_rev_EcoRl, respectively. The
amplicons and pMH1 were digested with Nhel and EcoRl and inserted into pMH1 resulting in
Flpe_pMH1 and Cre_pMH1.

3.2.15 Vector Linearization

The vectors containing the landing pad for stable integration were linearized in the AmpR
sequence using the Pvul enzyme. Cre_pMH1 or Flpe_pMH1 were linearized using Avrll. After
incubation of the reaction for 8 h the DNA was precipitated with NaOAc (1/10 of the volume)
and mixed thoroughly. Then cold ethanol absolute (2.5 x of the volume) was added and mixed
carefully. The mixture was incubated for at least 2 h at -20 °C. The DNA was centrifuge at 4 °C
for atleast 30 min at 16 000 g. The supernatant was discarded and the DNA pellet was washed
twice with 70 % ethanol by centrifugation. Afterwards, the pellet was dried for 10-15 min and

dissolve in H;0.

3.2.16 Gel Electrophoresis and Extraction

For the separation of DNA products, a 1 % Agarose gel was produced in 1 x TAE Buffer. 1 uL
peqGREEN was added per 100 mL gel volume. When the gel was cooled down, samples were
loaded and the DNA was separated applying an electric field so that the negatively charged
DNA move through the matrix and was separated by size. The size was estimated by the usage
of a DNA ladder. The gel was examined in a ChemiDoc™ XRS+ under UV-light. If a gel
extraction and following clean-up was to be performed the needed bands were cut out and
collected in a 1.5 mL Eppendorf tube. For the clean-up of DNA fragments from gel
electrophoresis the NucleoSpin® Gel and PCR Clean-up Kit was used following the

55



Material and Methods

manufacturer’s instructions. After the clean-up the DNA concentration was estimated by
absorbance measurement at 260 nm using a NanoDrop 8000. The ratiozso/2s0 was used to

estimate the purity of the DNA samples.

3.2.17 DNA Concentration Measurement
For the absorbance measurement at 260 nm a NanoDrop 8000 was used applying the

following formula for estimation:

Concentration (ug/mL) = (Aze0 reading-Aszo reading) x dilution factor x 50 ug/mlL

3.2.18 HLA Complex Production

3.2.18.1 Inclusion Body Production, Purification, and Refolding

HLA molecules were generated as inclusion bodies in E.coli and purified as described in
Garboczi et al.**®. The refolding reaction was also performed as described by Garboczi et al.
with minor changes. The HLA chains and the Bom molecule diluted in HLA injection buffer
were transferred into HLA refolding buffer via syringe usage. The PRAME peptide or a UV light
sensitive peptide was added a final concentration of 30 uM. The refolding reactions were
stirred at 10 °C for 2-4 days and concentrated via stirred ultrafiltration cells with a 30 kDa
membrane. The obtained concentrate was further purified via SEC chromatography with TBSA
running buffer using a HiLoad 26/600 75 pg column on an AKTAprime plus system. The pooled
monomere fractions were complimented with protease inhibitor PSMF, leupeptin, and
pepstatin and adjusted to a final concentration of 2000 pg/mL via an Amicon Ultra-15
centrifugation unit and biotinylted via a BirA biotin-protein ligase overnight at 27°C following
the manurfacturer’s instruction. The pHLA was gel-filtered again before concentrated and

aliquoted.

3.2.18.2 Peptides Synthesis
All peptides used in this work were produced in house using standard Fmoc chemistry via a
Syro Il peptide synthesizer. Obtained peptides were subsequently applied to HPLC analysis.

UV-light sensitive peptides were generated with a 2-nitrophenylamino acid residue as part of
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a light-sensitive building block. Peptides were solved in 10 % DMSO + 0.5 % TFA at a final

concentration of 10 mg/mL before use and stored at -20 °C until further usage.

3.2.18.3 UV-Exchange and Tetramerization
The exchange of UV-light-cleavable peptides was performed as described by Rodenko and
colleagues'®’. Desired peptides were mixed with a biotinylated UV-light-sensitive pHLA

complex at a molar ratio of 100:1 and exposed to UV-light (366 nm) for 1 h.

3.2.18.4 Tetramerization of Monomers

Biotinylated pHLA monomers were tetramerized with different fluorochrome-coupled
streptavidin. Streptavidin-conjungate and monomers were mixed in a 1:4 ratio. The monomer
streptavidin mixture was incubated at 4 °C and 1500 rpm in a thermomixer C for 30 min in the
dark. The total volume of streptavidin coupled fluorochrome was added in three steps every
30 min. After the final incubation Biotin is added to reach a final concentration of 25 uM to

saturate possibly unconjugated streptavidin binding sites.

3.2.19 Statistical Analysis

All jn vitro values are shown as mean with the corresponding standard deviation. ECso values
were calculated via four parameter logistic sigmoidal non-linear regression. Subsequent
significance analyses requested for some results could not be performed due to lack of access

to Immatics’ proprietary data.

3.2.20 Software

3.2.20.1 Statistical Analysis and Data Plotting
Data plotting was performed using GraphPad Prism (Version 9.2.0). Flow Cytometry Data

Flow cytometry data was analyzed using the FlowlJo software (Version 10.4 and 10.7).

3.2.20.2 Sequence Analysis
Sequence analysis and construct planning was performed via the Geneious Prime software

(Version 2020.2.5).
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4 Results

4.1 Clonal Outgrowth of Single Cell-Sorted CHO cells

The ability to grow CHO cells derived from a single cell sorting process is a prerequisite for
establishing a mammalian cell display technology. To identify optimized conditions for growth
of single CHO cells different media and media supplements were tested for CHO culture.

As shown in Figure 9, usage of different media compositions led to larger differences in the
clonal outgrowth of single cell-sorted CHO cells. From the four media tested, the best
performance was observed for CD-CHO medium leading to an outgrowth rate ranging from
34.4 - 66.7 % dependent on the applied supplement. Among the 3 tested supplements, the
InstiGROPLUS showed the best performance in combination with 3 out of the 4 tested media
while no outgrowth was observed without media supplementation. CD-CHO cell medium with
InstiGROPLUS supplement resulted in the highest outgrowth rate of 66.7 %, which is an
excellent result given the technical difficulty of growing single CHO cells. This media

composition was therefore used throughout this study for clonal outgrowth of CHO cells.
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Figure 9: Clonal outgrowth after single cell sorting depending on culture media. CHO cells were sorted into 100 pL of
different culture media and the percentage of outgrowing clones was obtained after 10 -14 days of incubation. n=1
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4.2 Generation of CHO Cell Line with 1 Generation Landing Pad

4.2.1 Vector Design

As depicted in Figure 10 A-C, two vectors were designed for the generation of a landing pad-
contained CHO cell line, both encoding a neomycin resistance and FRT-flanked fluorescence
markers GFP (pJD1_GFP) or RFP (pJD1_RFP). The vector pJD1_GFP was used for stable
integration of the landing pad into the CHO genome and contained a human cytomegalovirus
(hCMV) promotor driven GFP cassette flanked by FRT and FRT F3 3’ and 5’, respectively. The
design of the RMCE donor vector pJD1_RFP was identical to pJD1_GFP with exception of using
an RFP fluorescence marker instead of GFP. RMCE of the GFP to RFP cassette was induced by

addition of Flp recombinase (see process in Figure 10 C).

A pJD1_GFP c

hCMV
hCMV SV40 FRT I—' GFP FRT F3
FRT [ GFP FRTF3[~> NeoR — - Tagged genomic
-— .- % X ocus
~\ hCMV
FRT — RFP FRT F3
— — - (- Donor vector for
B pJD1_RFP e __ J  RMCE
hCcMV SV40
FRT [ RFP  FRTF3 [ NeoR RMCE
hCMV
FRT |—> RFP FRT F3 Landing pad

ﬁ - ._ containing CHO cell

line

Figure 10: Vector design and process overview for the generation of a landing pad containing CHO cell line. A) pJD1_GFP
contains a FRT recombination site (light blue), a hCMV promotor for the expression of the gfp gene (green), a FRT F3 site
(petrol), and a SV40 promotor for the expression of the Neomycin resistance (yellow). B) pJD1_RFP contains a FRT
recombination site (light blue), a hCMV promotor for the expression of the rfp gene (red), a FRT F3 site (petrol), and a SV40
promotor for the expression of the Neomycin resistance (yellow). C) During the RMCE process the FRT flanked cassette in
the tagged genomic locus is exchanged against a FRT flanked cassette of a donor vector. The exchange is executed by the Flp
recombinase. After the exchange RFP is expressed from the genomic locus.

4.2.2 Selection of High GFP Expressing CHO Clones

After electroporation of CHO cells with the GFP encoding vector pJD1_GFP and subsequent
culturing for 14 days under selection pressure with G418, about 2 % of cells with the highest
GFP expression were sorted (Figure 11). This led to an enrichment of CHO cells expressing
GFP at a high level as indicated by the increase in the mean fluorescence intensity (Figure 11

A). Highest GFP expression was observed after two sorting rounds (Figure 11 B).
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Figure 11: Flow cytometric analysis of CHO cells during landing pad integration. A) Gating strategy of the enrichment of
high expressing GFP cells. The top 2 % of the GFP expressing cells were sorted two times. B) The histogram plot indicates
the GFP expression levels of the different sorting rounds in comparison to non-transfected CHO cells (negative control).

4.2.3 Exchange of GFP and RFP Cassettes

CHO cells with stable GFP expression were subjected to the first RMCE step exchanging GFP
with RFP via transfection with the donor vector and addition of Flp recombinase (Figure 12).
RFP-positive cells could be detected after RMCE reactions with DNA-encoded Flp as well as
RNA-encoded Flp. The exchange with Flp DNA resulted in 2.9 % exchange rate (GFP-
negative/RFP-positive) cells while the reaction with Flp RNA led to a higher rate of 5.4 %. As
depicted in Figure 12 C, a small RFP-positive CHO cell population of 0.3 % could also be
detected in the absence of Flp recombinase indicating some level of random integration of

the linearized donor vector into the CHO genome.

A B C
RMCE with Flp DNA RMCE with Flp RNA RMCE without Flp
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Figure 12: Landing pad exchange of 15t generation system exchanging GFP with RFP. A) RMCE reaction with DNA-encoded
Flp recombinase. B) RMCE reaction with RNA-encoded Flp recombinase C) RMCE reaction without adding Flp recombinase.
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4.2.4 Exchange of RFP with TCER® Cassettes

In a next step, a second RMCE reaction was performed to exchange the RFP cassette with a
cassette encoding for a bispecific TCER® molecule targeting an HLA-A*02-binding peptide
derived from the tumor-specific antigen PRAME. The TCER® molecule with about 100 kDa size
is composed of two polypeptide chains as depicted in Figure 13. For visualization of the
exchange, the CHO cells were incubated with biotinylated PRAME pHLA monomer and stained
with Streptavidin-APC. As shown in Figure 14, about 0.5 % TCER®-expressing CHO cells were
detected when Flp was supplied as DNA while this proportion increased to 2.5 % when RNA-
encoded Flp was added. Again, as observed for the exchange of the RFP cassette, about 0.4
% of TCER®-positive CHO cells were detected in absence of Flp recombinase, which can only
be explained by a background level of random integration into the CHO cell genome. Overall,
the presented results suggest that the RFP locus can be used for a repeated exchange step
with an even larger insert of ~6900 bp encoding a functional TCER® molecule. Further the
results support that an RNA-based Flp application seems the most favorable option for an

efficient exchange.
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hCMV Landing pad
hCMV hCMV FRT |—’ RFP FRT F3 containing CHO cell
FRT [ Chain 1~ Chain 2FRT F3 - - ] [+ line
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FRT Chain 1 Chain 2FRT F3
D I_’ |:| l_’ - - - Donor vector for
B TCER® Format L J TCER® library
—————————— generation
AR RMCE
hCMV hCMV
dgn(:aRin anti- FRT |—> Chain 1 |—>Chain 2FRT F3 TCER® expressing
CD3 exchanged locus
scTv
Fc
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™
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Figure 13: Vector design and process overview for the generation of RMCE-based TCER® library. A) pJD1_TCER contains a
FRT recombination site (light blue), a hCMV-driven TCER chain 1 (light blue), a hCMV-driven TCER® chain 2 including a TM
domain (dark blue), and a FRT F3 site (petrol). B) Structure of the TCER® molecule when expressed on the CHO surface with
knob-into-hole mutations23.158 (for details see chapter 4.4) to enforce heterodimerization of TCER chain 1 and 2. C) During
the RMCE process the FRT flanked RFP-encoding cassette in the tagged genomic locus is exchanged against a FRT flanked
TCER®-encoding cassette of the different pJD1_TCER vectors encoding all library sequences. The exchange is executed by the
Flp recombinase.
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Figure 14: Landing pad exchange replacing RFP with a PRAME pHLA binding TCER®. A) RMCE was performed with DNA-
encoded Flp recombinase. B) RMCE was conducted with RNA-encoded Flp recombinase. C) RMCE reaction without Flp
recombinase. The y-axis shows the mean fluorescent intensity (MFI) of RFP and the x-axis the MFI of APC of the stained
TCER® molecules. The shown gates indicate the sorted cells.

4.2.5 Landing Pad Validation by Targeted Locus Amplification

TLA analysis was performed to identify an RFP- or TCER®-expressing CHO clone whose
expression is driven by a single copy cassette integration at a defined genomic locus.
Therefore, eight CHO clones from different RMCE steps and different expression levels were
analyzed regarding their landing pad integration side and copy number. Four RFP-expressing
clones (A03 and G06 with high RFP expression; A02 and A06 with low RFP expression) were
obtained from the GFP/RFP exchange mediated by RNA-encoded Flp (Figure 15A).
Additionally, four TCER®-expressing clones (E06 and D11 with high TCER® expression; CO6 and
A11 with low TCER® expression) were obtained from the RFP/TCER® exchange mediated by
RNA-encoded Flp and in absence of Flp (Figure 15 B). The different expression levels of the
selected clones could be related to expression from different loci and/or copy numbers, which

was therefore investigated by TLA analysis.
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Figure 15: Histograms of selected single cell clones for TLA analysis. A) Clones RFP A02, RFP A03, RFP A06, and RFP G06
were obtained from a SCS after the first RMCE. Non-transfected CHO cells served as a negative control. B) Clones PRAME
RNA C06, PRAME RNA EO06 were sorted from a second RMCE step exchaning RFP against a PRAME pHLA specific TCER®.
Clones PRAME w/o C06, PRAME w/o D11 were sorted from a population of PRAME pHLA binding cells after exchange of RFP
without the addition of Flp. Non-transfected cells served as negative control.

TLA analysis revealed that RPF-expressing clones A02, A03, and A06 had only one integration
site while clone G06 harbored three integration sites. Further, only the high RFP-expressing
clone AO3 contained a single copy integration of RFP while the remaining clones had multiple
RFP integrations. Among the TCER®-expressing clones, the high expressing clones E06 and
D11 contained a single copy integration at a single integration site while the other two clones
had multiple copies. From the 3 high expressing, single site and single copy clones A03, E06,
and D11, only the RFP_AO03 clone presented a breakpoint in the ampicillin resistance gene of
the vector backbone in line with the anticipated linearization site of the first GFP containing
landing pad vector. Therefore, clone RFP_A03 was selected as an interesting candidate for
the master cell line generation and was further analyzed regarding stable long-term

expression and reusability of the landing pad.
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Table 2: TLA results of selected clones (1t Generation)

Name No. of Integration
site

RFP A02 1

RFP A03 1

RFP A06 1

RFP G06 3

PRAME RNA C06 1
PRAME RNA E06 1
PRAME w/o A11 1

PRAME w/o D11 1

Copy Number

10-15

90-140

4-22

3-15

35-60

4.2.6 Stability of RFP Expression of RFP_AO03 Clone

Breakpoint

NeoR; ColE1 Ori
AmpR

PolyA Tail
AmpR

NeoR, hCMV
FRT site

TCER® Cu2 chain

ColE1 Ori

CHO clone RFP_AQ3 was further analyzed by flow cytometry to confirm long-term expression

of RFP without any G418 selection pressure. During the long-term culture period of 135 days,

RFP_AO03 showed high and stable RFP expression for both, the expression level and the

proportion of RFP-positive CHO cells (Figure 16) supporting the suitability of RFP_AO03 for the

landing pad-containing CHO cell line.
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Figure 16: Results of the long-term analysis of RFP_A03. A) MFI values of flow cytometry-based analyses over 135 days. B)
Frequent of parent values of the long-term monitoring of RFP_A03.
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4.2.7 Molecular Confirmation of Targeted Integration Process

In a last step, a combined analysis using flow cytometry and PCR was performed to check if
the tagged genomic locus can be targeted repeatedly and to confirm undirected background
integration. To achieve this, GFP-expressing CHO clones were generated by RMCE using RFP-
expressing clone A03 as starting point. 27 different GFP-expressing clones were generated via
RMCE with RNA-encoded Flp recombinase via single-cell sorts and subsequent expansion.
Also, different GFP-expressing cells from RMCE without Flp recombinase were single cell
sorted but only one clone could be grown out of these cells. As shown in Figure 17 and Table
3, GFP expression could be confirmed for 26 out of 27 clones generated with RNA-encoded
Flp recombinase and for the single clone generated without Flp recombinase. Using PCR
analysis, a targeted integration of the GFP cassette could be confirmed for 23 out of the 26
GFP-positive clones generated with Flp recombinase RNA while three clones did not show the
correct PCR band (Figure 18 and Table 3). As expected, the only GFP-expressing clone derived
from RMCE process without Flp recombinase also did not show a correct PCR band supporting
the concept of a given level of undirected integration of GFP from the donor vector in the

CHO genome observed for the 1t generation landing pad CHO cell line.
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Figure 17: Histograms of GFP expressing clones. Flow cytometry-based analysis of GFP expressing cells after RMCE. A)
Histogram of clone 1 from RMCE without Flp. B) Histograms of clone 1-27 from RMCE with Flp RNA. C) Histograms of control
measurements. RFP_AO03 expressed RFP from the tagged locus. Non-transfected CHO cells served as negative control. GFP
expressing cells with GFP expressed from a different locus served as positive control.
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Figure 18: PCR amplification results of GFP expressing clones. The reaction amplifying the tagged locus with GFP resulted in
a ~2300 bp amplicon. Lane 1: Clone 1 RMCE without Flp; Lane 2-8: clone 1-7 RMCE with Flp RNA; Lane 9: 100 bp DNA ladder;
Lane 10-17: Clone 8-15 RMCE with FIp RNA; Lane 18: 1 kbp DNA ladder; Lane 19-24: Clone 16-21 RMCE with FIp RNA; Lane
25: empty; Lane 26: Clone 22 RMCE with Flp RNA; Lane 27: empty; Lane 28-31: Clone 23-26 RMCE with Flp RNA; Lane 32-
33: empty; Lane 34: Clone 27 RMCE with Flp RNA; Lane 35: 100 bp DNA ladder; Lane 36: empty; Lane 37: RFP containing
master cell line clone amplified with RFP specific primers; Lane 38: non-transfected CHO cells; Lane 39: cells expressing GFP
from a different locus; Lane 40: negative control; Lane 41 positive control; Lane 42-43: empty; Lane 44; 1 kbp DNA ladder. B)
Lane 1: 1 kb DNA ladder; Lane 2-6: Clone 2, 3, 16, 19, 23 RMCE with FIp RNA.

Table 3: Phenotypic and genotypic characteristics of different RMCE populations

Population GFP expression Correct PCR band
RMCE with Flp DNA 20/24 (83 %) 14/24 (58 %)
RMCE with Flp RNA 26/27 (96 %) 23/26 (89 %)
RMCE without Flp 1/1 (100 %) 0/1 (0 %)
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4.3 Generation of CHO Cell Line with 2"¥ Generation Landing Pad

4.3.1 Vector Design

To avoid background signals from undirected integration the donor vector design was
modified moving the FRT site downstream of the hCMV promotor and the SV40 promotor
upstream of the FRT F3 site. This change should prevent the expression of the GOI if not
correctly integrated into the landing pad since the donor vector does not contain a promotor

for the GOI expression anymore.

A pJD4_GFP

hCMV SV40
|—> FRT GFP |—> FRT F3 NeoR

—iH

B pJD5_RFP

SV40
FRT RFP [ FRTF3

— —i [

Figure 19: Schematic overview of the 2" generation vector designs. A) pJD4_GFP contains a hCMV promotor driven
expression of the gfp gene, a FRT site (light blue), a SV40 driven Neomycin resistance gene (yellow) expression, a FRT F3 site
(petrol). B) pJD5_RFP contains a FRT site (light blue), the rfp gene, a SV40 promotor, and a FRT F3 site (petrol).

4.3.2 Selection of High GFP Expressing CHO Clones and RFP Cassette Exchange

Similar to the approach used to generate the 1% generation landing pad, flow cytometry
assisted sorting was performed to sort about 2 % of high GFP expressing cells after applying
G418 selection pressure for two weeks. Sorting of the highest GFP expressing cells resulted in
an increase of the GFP expression level with the highest expression achieved after two sorting
rounds (Figure 20). In a next step, the GFP cassette was exchanged to RFP by transfecting the
cells with the RFP containing donor vector together with Flp recombinase encoded by DNA or
RNA. As shown in Figure 21, about 1 % RFP positive CHO cells were detected with DNA-
encoded Flp recombinase while this proportion increased to 3.9 % with RNA-encoded Flp.
Notably, no RFP-positive CHO cells were detected in the RMCE reaction without Flp
recombinase supporting that background signals from undirected integration events could

successfully be suppressed with the 2" generation landing pad approach.
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Figure 20: Flow cytometric analysis of CHO cells during landing pad integration. A) Gating strategy of the enrichment of
high expressing GFP cells. About the top 2 % of the GFP expressing cells were sorted two times. B) The histogram plot
indicates the GFP expression levels of the different sorting rounds in comparison to non-transfected CHO cells (negative
control).

RMCE with Flp DNA RMCE with Filp RNA RMCE without Flp

0.0 %
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Figure 21: Landing pad exchange of 2"d generation system exchanging GFP with RFP. A) RMCE reaction with DNA-encoded
Flp recombinase. B) RMCE reaction with RNA-encoded Flp recombinase C) RMCE reaction without adding Flp recombinase.

4.3.3 Landing Pad Validation by Targeted Locus Amplification

For the identification of a single copy clone, nine RFP-expressing CHO clones from the 2"
generation approach were selected for TLA analysis. In contrast to the 1t generation
approach, only high RFP expressing clones were selected (Figure 22). To identify at least one
clone with a single copy integration at a defined genomic site, four and five CHO clones
obtained from single cell sorting of the RFP-positive population generated via RMCE approach
with Flp DNA and Flp RNA, respectively, were selected. The TLA analysis revealed two
integration sites for the majority of analyzed clones together with multiple copies of the RFP
insert (Table 4). Only two clones (DNA Clone 13 and RNA Clone 9) were found to harbor a
single copy integration of the landing pad in the CHO cell genome. Since DNA Clone 13 and
RNA Clone 9 also showed an expected breakpoint in the ampicillin resistance gene, the two
clones were selected for analysis of the RFP long term expression stability.
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Figure 22: Histograms of the selected single cell clones for TLA analysis. A) Clones obtained from the RMCE reaction with
FIp DNA. B) Clones obtained from the RMCE reaction with Flp RNA. C) Non-transfected negative control cells.
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Table 4: TLA results of selected clones (2" Generation)

Name No. of Integration site = Copy Number Breakpoint
DNA Clone 2 2 6-7 AmpR
DNA Clone 8 2 3-5 AmpR
DNA Clone 13 1 1 AmpR
DNA Clone 23 2 3-5 AmpR
RNA Clone 2 2 6-20 AmpR
RNA Clone 7 2 3-6 AmpR
RNA Clone 9 1 1 AmpR
RNA Clone 12 2 3-5 AmpR
RNA Clone 21 2 2-16 AmpR

4.3.4 Stability of RFP Expression of DNA Clone 13 and RNA Clone 9

Long-term expression of RFP was analyzed for the two clones with a single copy landing pad,
DNA Clone 13 and RNA Clone 9. Flow cytometric analysis of the two clones, cultured without
G418 selection pressure, revealed high and stable expression of RFP and a constant RFP-
positive population close to 100% expressing RFP over a time period of 36 days (Figure 23).
Driven by the slightly higher RFP signals over time, RNA Clone 9 was chosen as CHO master

cell line for the 2" generation landing pad approach.
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Figure 23: Long-term stability of possible 2" generation landing pad containing CHO clones. A) MFI values of flow
cytometry-based analyses over 36 days. B) Frequent of parent values of the long-term monitoring of DNA Clone 13 and
RNA Clone 9.

4.4 Evaluation of Different TCR Format in CHO Display

Successful maturation of TCRs is strongly dependent on the ability to express these receptors
on the surface of cells or particles used for the display approach. Therefore, six different TCR
formats based on a PRAME-specific model TCR including the bispecific TCER® format were
evaluated in CHO display regarding their expression level, target binding, and off-target
recognition. With the exception of the bivalent DuoFc-scTv format all formats used a
monovalent TCR domain for target binding. The formats can be subdivided into two Fc-based
ones (Figure 24 A): A DuoFc-scTv format and a ScFc-scTv format. The DuoFc-scTv is formed by
the homodimerization of an IgG Fc part fused to an TM domain and a PRAME-binding scTv.
The ScFc format is composed of an scTv fused to an IgG Fc part anchored in the cell membrane
by an TM domain. Figure 24 B shows the Fab fragment-based formats. On the one hand, the
HC-scTv format comprised of an scTv N-terminally linked to the heavy chain of an IgG Fab
fragment. On the other hand, the LC-scTv with the scTv N-terminally linked to the light chain
of an IgG Fab fragment. Both Fab-based formats are anchored by a TM domain linked to the
heavy chain of the Fab fragment. The third category is a single scTv (Figure 24 C) linked to an
TM domain for anchoring. Figure 24 D shows the last tested format namely the TCER® made
up of two individual chains. The first chain is composed of an anti-pHLA scTv a chain linked to

the variable light chain of an hUCHT1 antibody fused to a silenced IgG1 Fc part with a knob-
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forming mutation fused to an TM domain. The second chain compromises the variable heavy
chain of the hUCHT1 antibody linked to the B chain of the anti-pHLA scTv and the silenced Fc
part with a hole-forming mutation. The knob-into-hole structure was introduced to enforce
heterodimerization of TCER chainl (knob) and chain 2 (hole) and was achieved by inserting
several point mutations into the C43 domains. These compromise the mutations T336W and
S354C for knob formation and T366S, L368A, Y407V, Y349C for hole formation'®8.
Additionally, a Cu3-Cx3 disulfide bridge?? was introduced. The Fc part was further modified to
abolish interactions with Fcy receptors and Clq of the complement system by introducing
E233P, L234V, delG236%°910 p3315'>°, and N297Q'®! (sequence numbering according to EU-
scheme) mutations. Furthermore, deletion of the c-terminal glycine-lysine residues of the

human IgG1 heavy chain was performed to avoid c-terminal heterogeneity.

A B
DuoFc-scTv ScFc-scTv HC-scTv LC-scTv
0
pHLA
TCR
silenced O Fab
Fc part fragment
™ & -
domain ( %
C D
scTv TCER©
' Anti-CD3
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Silenced Fc part
with knob into
hole
dimerization

Figure 24: Structure of the evaluated formats for CHO surface display. A) Two Fc-based formats. DuoFc-scTv is composed
of an IgG1 homodimerizing Fc chain (light grey) with an N-terminal scTv (rose) resulting in a bivalent format anchored by two
TM domains. ScFc-scTv is a monovalent format made of an N-terminal scTv (rose) bound to one Fc chain followed by a linker
and a second Fc chain (light grey) anchored by a TM domain. B) Two Fab fragment-based formats. HC-scTv is comprised of a
heavy chain Fab fragment (blue) coupled N-terminally to a scTv (rose) dimerizing with a light chain Fab fragment (blue). The
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construct is anchored by a TM domain fused to the heavy chain of the Fab fragment. LC-scTv is composed of a heavy chain
Fab fragment (blue) linked to a TM domain dimerizing with a light chain Fab fragment (blue) linked N-terminally with a scTv
(rose). C) scTv (rose) fused to a TM domain. D) Molecular structure of a TCER® molecule. TCER® chain 1 encodes for the
variable TCR alpha chain (Vg), the variable light chain (V) of an hUCHT1 anti-CD3 antibody followed by IgG1 constant domains
CH2 and CH3 modified with specific mutations to ablate Fc gamma receptor binding and complement activation as well as
knob-forming mutations. TCER® chain 2 encodes for the variable heavy chain (Vy) of the anti-CD3 antibody and the variable
TCR beta chain (Vp) followed by IgG1 constant domains CH2 and CH3 modified with specific mutations to ablate Fc gamma
receptor binding and complement activation as well as hole-forming mutations. All formats contain a PRAME pHLA binding
scTv as their target binding moiety.

4.4.1 Expression and Binding Analysis of Different scTv Formats

All formats of interest could be successfully expressed on the CHO membrane from the tagged
locus of the landing pad containing CHO cell line clone (RNA Clone 9) as indicated by the
binding of an VB-specific antibody (Figure 25 A). The DuoFc-scTv format showed the highest
expression signal in line with the two binding sites for the anti-VB antibody. The ScFc-scTv,
HC-scTv, and the LC-scTv format were expressed at a similarly high level whereas the scTv and
the TCER® formats were expressed at a lower level. Figure 25 B shows the binding of all
formats to the PRAME pHLA. The expression of the different TCR formats resulted in
functional binding of the target PRAME pHLA of almost 100 % at a target concentration of
316 - 3.16 nM (Figure 25 B). A slow decrease in the binding is seen from 1 - 0.0316 nM target
concentration. The formats with a stronger, target binding could be discriminated by the first
detectable binding signal with DuoFc-scTv and HC-scTv being the most sensitive with a binding
at 0.001 nM followed by the LC-scTv, scTv format, and the TCER® format at concentrations of
0.00316 nM and 0.01 nM, respectively. Besides, binding to the target pHLA the binding
specificity was analyzed by using monomeric or tetrameric pHLA complexes from 11 peptides
exhibiting a high degree of sequence similarity to the PRAME peptide. All formats showed a
comparable degree of off-target binding with the more sensitive detection using an avidity-
driven pHLA tetramer approach compared to a pHLA monomer one. The highest binding is
observed for 3 out of 11 similar peptides with the strongest recognition of similar peptides 10
and 11 displaying a sequence similarity in 6 of 9 and 3 of 9 positions, respectively. Similar
peptide 9 which was also bound strongly displays an equal sequence in 5 out of 9 positions.
Similar peptides 5 was only bound in the avidity-driven approach with 6 identical positions,
by every format except for the TCER®. The DuoFc-scTv also showed binding to similar peptide
6 tetramers with 7 identical positions in line with its two binding moieties targeting the pHLA.

There are only small differences between the different formats regarding their off-target
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binding with the DuoFc-scTv being the less specific one which might be useful for the
identification of off-target recognition of the underlying TCR and the TCER® format being the
most specific one. Interestingly, all but one of the detected similar peptides show a high
degree of sequence similarity with the target peptide with more than 5 identical positions
except for similar peptide 11 only displaying 3 equal positions arguing for an important role

of the c-terminal peptide stretch for the TCR binding motive.
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Figure 25: Results of flow cytometry-based analysis of different display formats. A) Surface expression of the display
formats detected with a VB antibody. Non-transfected CHO-S cells served as a negative control. B) Binding of display formats
of PRAME pHLA target titration (316 nM - 0.001 nM). C) Binding of UV-exchanged similar peptide-HLA tetramers. The analysis
was performed with 10 nM fluorochrome-labeled tetramers. PRAME pHLA was used as a positive control of the UV-exchange
reaction. D) Binding of UV-exchanged similar peptide-HLA monomers at 10 nM. PRAME pHLA was used as a positive control
of the UV-exchange reaction. Results are shown as means of three independently performed experiments with error bars
indicating the SD.

4.5 TCR Maturation using CHO Display of TCER® Molecules

4.5.1 Generation and Selection of PRAME-specific TCER® Library

In order to demonstrate the applicability of the established CHO display for TCR maturation a
library containing previously identified CDR sequences was generated. The library contained
two CDRal, six CDRa2, 16 CDRa3 and six CDRB1, 16 CDRB2, and two CDR[3 stabilized high
affinity sequence variants of a PRAME-specific model TCR (Table 5). The library was generated
via RMCE exchange into the 1% generation landing pad containing cell line clone RFP_AO3.
The chosen library design allowed the expression of TCER® molecules containing every
possible combination resulting in a library size of 36,864 different variants allowing the

identification of optimal CDR combinations.
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Table 5: CDR sequences for the CDR combinatorial screening library.

CDRal CDRa2 CDRa3 CDRB1 CDRB2 CDRB3
DRGSQS YSNGDKE DNAHGGM  SGHRS EHGLER CASSPWDSPNVQY
DRGSQL YQEGDKE DNDQGGI EGHRA FSETQR CASSPWDSPNEQY
YQTGDKE DNDVGGI PGHKA IHGEER
YQAGDKE DNEQGGM PGHRA IHGQER
YPQGDKK DNKAGGI PGHRS IHGVER
YSQGDKE DNPAGGI QGHRA VHGAER
DNPRGGM VHGEER
DNPVGGP VHGIER
ENKPGGP VHGKER
GNAQGGM VHGLER
GNDLGGI VHGMER
NNPSGGM VHGNER
PNPPGGK VHGQER
PNTHGGP VHGRER
SNFGNEK VHGVER
TNIAGGS VHGYAR

For enrichment of high binding clones the library was applied to three selection rounds
including a final single cell sort according to a selection and counterselection principle (Figure
26). The first sorting round was performed with 100 nM PRAME pHLA monomer without
counterselection. The second and third sorting was done with 31.6 and 10 nM PRAME pHLA,
respectively with simultaneous counterselection to maintain binding specificity of the TCER®
clones. The counterselection was conducted with 10 nM pHLA tetramers of the 11 similar
peptides. The final single cell sort resulted in the identification of 171 individual TCER® clones
compromising 39 unique TCR variable domain sequences.

Based on the highest abundance of sequences and the highest binding strength towards the
PRAME pHLA 10 clones (Table 6) were chosen for further analysis. The wt TCR sequence refers
to the CDRs of a non-maturated TCR sequence as identified from a healthy donor. Among the

10 selected TCER® variants 3 to 5 modified CDRs were observed with a stringent effect
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observed for CDRB2 displaying only one possible variant (VHGEER) indicating an important
role in the improvement of the TCER® affinity for PRAME pHLA. The observed variance in the
CDRa3, CDRa2, CDRB1, and CDRP3 regions with 9, 8, 7, and 5 TCER® variants, respectively,
cannot clearly be discriminated from a random distribution. Therefore, a contribution of
these CDRs to an affinity improvement cannot clearly be demonstrated based on these
findings. No sequence variation was detected for CDRal only displaying the wt sequence. An

impact of this CDR on the affinity maturation process is therefore unlikely.
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Figure 26: Sorting of PRAME pHLA binding TCER® library. A) In the first selection round PRAME pHLA binding cells were
enriched using 100 nM PRAME pHLA and were subjected to a second sorting round. B) The second sorting round was
conducted with 31.6 nM PRAME pHLA and 10 nM of each of 11 UV-exchanged tetrameric similar peptides. C) The final single
cell sort was performed with 10 nM PRAME pHLA and 10 nM of each of 11 UV-exchanged tetrameric similar peptides. D)
Non-transfected CHO cells were used as a negative control. Dead cells and doublets were excluded by gating.

79



Results

Table 6: Sequence information of selected clones of the CDR combinatorial screening approach.

Clone CDRal CDRa2 CDRa3 CDRB1 CDRpB2 CDRB3

wt TCR DRGSQS YSNGDKE @ SNFGNEK SGHRS FSETGR  CASSPWDSPNEQY
CL-7435 DRGSQS YQAGDKE @ GNDLGGI SGHRS | VHGEER ' CASSPWDSPNEQY
CL-7445 DRGSQS YSNGDKE A DNPRGGM A QGHRA VHGEER CASSPWDSPNEQY
CL-7467 DRGSQS YQAGDKE | GNAQGGM | PGHRA | VHGEER = CASSPWDSPNVQY
CL-7475 DRGSQS YPQGDKK ' DNPAGGI SGHRS  VHGEER CASSPWDSPNVQY
CL-7480 DRGSQS YQEGDKE | SNFGNEK PGHRA  VHGEER ' CASSPWDSPNEQY
CL-11581 DRGSQS YSQGDKE A DNPRGGM ' PGHRS  VHGEER CASSPWDSPNVQY
CL-11594 DRGSQS ' YSNGDKE | DNEQGGM | PGHRS | VHGEER = CASSPWDSPNVQY
CL-11611 DRGSQS YQEGDKE A NNPSGGM A QGHRA VHGEER CASSPWDSPNEQY
CL-11614 DRGSQS ' YSQGDKE | DNPAGGI SGHRS | VHGEER ' CASSPWDSPNEQY
CL-11623 DRGSQS YSQGDKE ' NNPSGGM ' PGHRS  VHGEER CASSPWDSPNVQY
Proportion 1/2 5/6 7/16 4/6 1/16 2/2

of possible

variants

4.5.2 Evaluation of TCER® Expression and Binding in CHO Display

The selected 10 TCER® candidates (Table 6) were analyzed to assess their expression level and
binding specificity profile. All candidates could be expressed and detected on the CHO surface
with CL-7435 showing the weakest expression and CL-7467, CL-7475, and CL-11594 the
highest expression (Figure 27 A). Binding analysis with PRAME pHLA monomers revealed
strong target binding for six out of 10 selected variants as indicated by the low level of 0.1 nM
pHLA required for staining the TCER® expressing CHO cells. The remaining four variants
(CL-7435, CL-7475, CL-7480, and CL-11614) showed weaker PRAME pHLA binding (Figure
27 B). Additionally, to the binding strength also the specificity was assessed using 11 similar
peptides exhibiting a high degree of sequence similarities to the PRAME peptide. As seen
previously for the different formats, strong to moderate binding of similar peptides 9, 10, and
11 (Figure 27 C) was observed arguing for no detectable gain in the specificity compared to

the model TCR sequence used previously for the format testing.
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Figure 27: Flow-cytometric analysis of PRAME and similar peptide binding of CHO-displayed TCER® candidates. A) Surface
expression of selected candidates detected with an anti-VB antibody. B) Target binding was analyzed with PRAME pHLA
monomer used at concentrations from 100 nM - 10 pM. C) Binding of TCER® candidates to 10 nM similar peptide tetramers
of each of 11 different similar peptides in relation to 10 nM PRAME pHLA tetramer. Each data point represents the mean of
triplicate measurements with the respective SD.
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4.5.3 Affinity Determination for Solubly Expressed TCER® Candidates

For further functional testing, the 10 selected TCER® candidates were expressed as soluble
proteins in CHO cells and the affinity of the purified molecules was measured via biolayer
interferometry. TCER® candidates CL-7467 and CL-7445 exhibited the highest pHLA affinity
towards the PRAME pHLA with Kp values of 3.4 and 3.7 nM, respectively (Table 7). CL-7435,
CL-11614, CL-7480, and CL-7475 exhibited the lowest affinities with Kp values ranging from
16.5 nM to 37.4 nM, which is in line with the weaker target binding concluded from a lack of
binding signal at a target concentration of 0.1 nM. These data support the conclusion that the
CHO display system is well suited for the enrichment of high affinity binding candidates and

an early assessment of their potential via a CHO-based binding analysis.

Table 7: Affinity data of selected soluble TCER® candidates

Clone KD [nM]
CL-7467 3.4
CL-7445 3.7
CL-11581 5.2
CL-11594 6.1
CL-11623 6.6
CL-11611 12.0
CL-7435 16.5
CL-11614 17.8
CL-7480 24.5
CL-7475 374

4.5.4 Assessment of TCER®-mediated Killing of Tumor Cells

The TCER® candidates were analyzed regarding their potential to kill PRAME-positive tumor
cells. Therefore, LDH release assays with three different target positive cell lines (UACC-257,
HS695T, and A375) and human PBMCs as effector cells were performed. The target positive
cell lines were chosen to cover a broad range of target densities displayed by the PRAME pHLA
copy number per cell (cpc) on their surface. The copy numbers ranged from 1100 cpc for

UACC-257, 400-550 cpc for HS695T, and 50 cpc for A375. T98G and SET-2 cells were used as
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target negative which lack any detectable PRAME pHLA expression on their surface. As shown
in Figure 28 all selected candidates induce pronounced target cell killing in UACC-257 and
HS695T cells. The killing potential of the candidates is in line with their measured affinities
with CL-7467, CL-7445, CL-11851, CL-11594, and CL-11623, all TCER® candidates with Kp
values below 10 nM, mediating the highest target cell killing. The candidates with the lowest
affinities CL-7435, CL-7475, CL-7480, and CL-11614 displaying the weakest target cell killing in
UACC-257 and HS695T. For the A375 cell line with a very low target cell density (50 cpc) on its
surface killing was only detected for higher affinity candidates such as CL-7467, CL-7445,
CL-11581, CL-11694, and CL-11623. Killing of the target negative cell line T98G was observed
at a high to low level dependent on the affinities of the candidates with CL-7467 and CL-7445
inducing the highest killing and CL-7475 and CL-7480 inducing the weakest killing. In contrast
to this no or only weak killing at the highest TCER® concentrations was observed with the
SET-2 target negative cell line. The calculated ECsovalues based on the LDH-release assays are
shown in Table 8 pointing to CL-7467 as the candidates with the highest anti-tumor activity

which is consistent with its highest target binding affinity.
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Figure 28: Cytotoxicity assay results of selected candidates. The level of mediated cytotoxicity was determined by LDH
release assays for all selected candidates. As target positive cell lines UACC-257 with 1100 copies per cell, HS695T with 400-
550 copies per cell, and A375 with 50 copies per cell were used. The copy number per cells refers to the number of PRAME
pHLA on the cell surface. T98G and SET-2 cells were used as target negative cell lines without detectable PRAME pHLA on
their surface. A) Results for the candidates CL-7435, CL-11594, CL-11581, and CL-11611 with the PBMCs of two different
donors on target positive cell lines. B) Results for the candidates CL-7435, CL-11594, CL-11581, and CL-11611 with the PBMCs
of two different donors on target negative cell lines. C) Results for the candidates CL-7445, CL-7467, and CL-7475 with the
PBM(Cs of two different donors on target positive cell lines. D) Results for the candidates CL-7445, CL-7467, and CL-7475 with
the PBMCs of two different donors on target negative cell lines. E) Results for the candidates CL-7480, CL-11614, and
CL-11623 with the PBMCs of two different donors on target positive cell lines. F) Results for the candidates CL-7480,
CL-11614, and CL-11623 with the PBMCs of two different donors on target negative cell lines. Each data point represents the
mean of a triplicate with the respective SD. Effector:Target ratio 10:1.

Table 8: ECso Values based on cytotoxicity data from selected candidates.

Name ECso UACC-257 [pM] ECso HS695T [pM]
CL-7435 1136 1380
CL-7445 115 644
CL-7467 61 172
CL-7475 1864 1556
CL-7480 730 1849
CL-11581 310 587
CL-11594 450 808
CL-11611 656 984
CL-11614 914 1424
CL-11623 136 849

4.5.5 Immune Activation of Selected TCER® Candidates

Further experiments were conducted to assess the ability of the TCER® candidates to activate
immune cells capable of mediating an anti-tumor response. The tumor cell lines UACC257 and
HS695T and SET-2 as the negative cell line were used. As seen in Figure 31 and Figure 30 all
candidates induce a robust to moderate activation of T cells in response to UACC-257 and
HS695T cells as measured by the activation marker CD69. For all tested candidates 100 pM
and 1 nM TCER® were sufficient to trigger CD4* T cell activation in response to UACC-257 and
HS695T, respectively (Figure 29). For CL-7467, the candidate with the highest affinity, CD4* T
cell activation was even observed at 10 pM with UACC-257 cells and 100 pM TCER® with

HS695T cells. CD4* T cell activation with the target negative cell line SET-2 is only seen at the
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highest concentration except for the three candidates with the highest affinity, CL-7445,
CL-7467, and CL-11581, also inducing an activation with 1 nM TCER® concentration (Figure
31 C). A similar pattern can be observed for the activation of CD8* T cells an activation with
UACC-257 cells is seen from 1 pM TCER® concentration for higher affinity candidates and from
1 nM with HS695T cells except for CL-7467 already inducing an immune response with
100 pM (Figure 30). Partly TCER® independent activation of CD8* T cells is seen with SET-2
cells also for lower affinity variants but also TCER® concentration dependent one for
concentrations above 1 nM for higher affinity variants (Figure 30 C). Even though T cells were
activated in response to the SET-2 cell line this activation did not result in a specific activation
associated with the release of perforin as seen in Figure 32. Also measured was NK cell
activation observed for higher affinity candidates at concentrations above 100 pM with
UACC-257 cells. For NK cell activation with HS695T cells only small effects were seen but the
most robust one of these were provoked by the higher affinity variants. No effects were
detected with SET-2 cells for any of the tested candidates (Figure 31). In general, these results

support the superior role of the higher affinity candidates headed by CL-7467.
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Figure 29: Results of flow cytometry-based activation assays of selected TCER® candidates for CD4* T cells. The potential
to induce an anti-tumor response of the candidates was evaluated via activation assays after co-culture with PBMCs from a
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healthy donor and two different tumor cell lines (UACC-257 and HS695T). SET-2 was used as a target negative cell line.
Activation was measured using CD69 activation. A) Activation profile of CD4+ T cells after incubation with different TCER®
concentrations ranging from 10 nM - 1 pM in response to UACC-257 cells. B) Activation profile of CD4+ T cells after incubation
with different TCER® concentrations ranging from 10 nM - 1 pM in response to HS695T cells. C) Activation profile of CD4+ T
cells after incubation with different TCER® concentrations ranging from 10 nM -1 pM in response to SET-2 cells. All
experiments were performed with an E:T ratio of 10:1. Each datapoint represents the mean of a triplicate with the respective
SD.
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Figure 30: Results of flow cytometry-based activation assays of selected TCER® candidates for CD8* positive T cells. The
potential to induce an anti-tumor response of the candidates was evaluated via activation assays after co-culture with PBMCs
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from a healthy donor and two different tumor cell lines (UACC-257 and HS695T). SET-2 was used as a target negative cell
line. Activation was measured using CD69 activation. A) Activation profile of CD8+ T after incubation with different TCER®
concentrations ranging from 10 nM - 1 pM in response to UACC-257 cells. B) Activation profile of CD8+ T cells after incubation
with different TCER® concentrations ranging from 10 nM - 1 pM in response to HS695T cells. C) Activation profile of CD8+ T
cells after incubation with different TCER® concentrations ranging from 10 nM -1 pM in response to SET-2 cells. All
experiments were performed with an E:T ratio of 10:1. Each datapoint represents the mean of a triplicate with the respective
SD.
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Figure 31: Results of flow cytometry-based activation assays of selected TCER® candidates for NK cells. The potential to

induce an anti-tumor response of the candidates was evaluated via activation assays after co-culture with PBMCs from a
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healthy donor and two different tumor cell lines (UACC-257 and HS695T). SET-2 was used as a target negative cell line.
Activation was measured using CD69 activation. A) Activation profile of NK cells after incubation with different TCER®
concentrations ranging from 10 nM - 1 pM in response to UACC-257 cells. B) Activation profile of NK cells after incubation
with different TCER® concentrations ranging from 10 nM - 1 pM in response to HS695T cells. C) Activation profile of NK cells
after incubation with different TCER® concentrations ranging from 10 nM - 1 pM in response to SET-2 cells. All experiments
were performed with an E:T ratio of 10:1. Each datapoint represents the mean of a triplicate with the respective SD.

Cytokine release assays were performed to further assess the immune effects provoked by
the three potent TCER® candidates, CL-7445, CL-7467, and CL-11581. All three candidates
induced the release of IL-2, perforin, granzyme B, and IFNy from human PBMCs when
co-cultured with UACC-257 cells. The most robust response was provoked by CL-7467, the
highest affinity candidate also showing superiority in target cell killing and activation of
immune cells. CL-7467 triggered the release of perforin, granzyme B, and IFNy already at a
TCER® concentration of 100 pM, while an IL-2 release was observed at 1 nM. No or no TCER®
dependent cytokine release was measured for any tested candidate in the presence of the

target negative cell line SET-2.
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Figure 32
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5 Discussion

5.1 Display Design

5.1.1 Choice of Gene Editing Approach

One of the key features of display technologies for the successful selection of molecules with
desired characteristics is the genotype phenotype coupling’®. For mammalian display this
coupling is most reliably achieved by targeted integration since alternative integration
technologies through standard transfection, viral transduction, or transposases can lead to
random and multiple DNA integrations into one cell**#122123 'which considerably hamper the
selection and isolation of the genomic information’®. In this work, a targeted integration
approach was chosen via the generation of a stable landing pad in CHO cells. The presence of
a single copy and stable landing pad was determined carefully to enable a profound coupling
of the phenotype to the genotype of each CHO cell. Even though, random integration
technologies can also result in single copy integration events via precise titration of DNA or
viral particles used!14122123 it still has the major downside of variable expression levels of the
different library candidates due to unequal transcriptional activity of the different integration
sites’®. Another key aspect to consider for mammalian display is the possible library size.
Targeted approaches via CRISPR/Cas9 and TALEN have enabled great advancements in the
generation of larger mammalian display libraries, like for monoclonal antibodies with library
sizes of 10° - 107 antibody variants!'3'62, Throughout this work, an RMCE approach was used
that, besides freedom to operate aspects, allows for generation of large libraries sizes similar
to CRISPR/Cas9- and TALEN-based approaches. RMCE-based systems can also be combined
with SHM processes to further increase the library size!!’163, This feature can easily be
integrated in the newly established system since AID activity was also reported to work on
TCR sequences'®. Even without SHM, the display approach established here, has the
potential to be scaled up tremendously via flow electroporation protocols allowing
electroporation of 1x10'! CHO cells in a 30 min cycle and thus theoretically resulting in
libraries of about 1x10° variants. In summary, the RMCE approach can generate targeted
mammalian display libraries in the scale of CRISPR/Cas9 and TALEN-based systems and has
the potential to be coupled with SHM technologies. This makes the RMCE-based approach

very valuable for biomolecule engineering in mammalian cells, such as CHO cells.
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5.1.2 Choice of Recombinase

Following the selection of an RMCE-based approach for CHO display, the choice of the best
fitting recombinase had to be made. Many different recombinases can be used for the
exchange of genetic information at specific loci. However, all possible recombinases have
different characteristics regarding exchange efficiency, specificity, and toxicity. Depending on
the needs of a system the choice should be considered carefully.

The exchange efficiency is an important factor when it comes to the generation of larger
libraries. Novel gene editing tools like CRISPR/Cas9-dependent systems for targeted
integration had a huge impact on the establishment of new mammalian display systems
yielding exchange rates of 0.5 % - 1.2 % in HEK 293 cells!!® and with 2.2 % - 5.1 % in CHO
cells'?0165 This is in line with the reported rates of TALEN-based systems ranging between
2.7 % and 5.1 %13, Similar exchange efficiencies have been reported for Flp-based systems
and an efficiency-enhanced variant of Flp recombinase resulted even in 7.3 % exchange rate
in CHO cells'?°. Cre recombinase, that also allows for repeated exchange, showed comparable
or even higher rates than Flp recombinase in embryonic stem cells'®® or HEK 293 cells®’,
respectively. However, usage of a Dual-RMCE systems with Flp and Cre recombinases did not
seem to increase exchange efficiency with yields around 0.3 % in CHO. Highly efficient
exchanges have been achieved with ®C31 recombinase reaching a maximum exchange rate
of 13.1 % in CHO cells!?9, but the recognized recombination sites do not allow repeated usage
and are therefore not suited for the setup of a landing pad-containing cell line. Nevertheless,
the exchange rates of 4 -5 % of the here presented work with a Flp-based RMCE compares
favorably with the putative more efficient CRISPR/Cas9- or TALEN-based system and is in line
with recombinase efficiencies reported before.

Beyond exchange rate, recombinases can furthermore be judged by their specificity. Different
research groups reported the presence of pseudo sites for the ®C31 recombination sites in
the human!#®1% or mouse genome!*8, Pseudo sites are sequences that present a certain
similarity to the actual recombination sites leading to off-target activities with their number
being estimates to range around 100-1000%*8, These pseudo sites can be beneficial if an
unmodified genome should be targeted, but since integration will take place at multiple sites,
it undermines a robust single copy integration as needed for a genotype phenotype
coupling!8, The presence of pseudo sites is not only documented for the ®C31 integrase but
also for Cre in mammalian cells. Therefore, it is speculated that these also exist for other
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recombinases like FIp!®°, but to our knowledge no such sites have been identified. Pseudo
sites may appear as possible explanation for the background integration seen for the 1%
generation CHO cell line, but this explanation seems unlikely, since no recombinase was
added. Hence, random integration into the host genome presents a plausible reason for this
background integration events!*®. Even though pseudo sites might exist also for Flp they are
most likely not interfering with the established process as Branda and Dymecki concluded
that the pseudo sites do not seem to hamper the desired outcome in most of the cases, since
for example Cre is often used for genomic rearrangements in vitro and in vivo without any
unwanted effects'4?. Nevertheless, there are reports about unwanted recombination events
leading to cell growth arrest or chromosomal aberrations, but in these cases Cre was
expressed at very high levels leading to a toxicity due to prolonged presence of high protein
levelst’®17t With no such toxicity reported, Flp seems a good choice for the implementation
of the presented CHO display since this recombinase exhibits the highest specificity and

172 Moreover, the exchange efficiency might be improved by applying

lowest cross-reactivity
an activity enhanced version, such as Flpe'#’. Besides the type of recombinase, the application
form represents an important characteristic. In this work significantly higher exchange rates
were observed when RNA-encoded Flp was used compared to DNA-based Flp expression. The
increase in the exchange efficiency seen for RNA-encoded Flp might simply be explained by
the faster availability of the RNA for translation compared to DNA which first needs to be
transcribed. This might lead to a faster and more robust Flp level in the cells and a more

efficient exchange reaction when transfected with RNA. Due to this finding, RMCE reactions

were all conducted with Flp RNA throughout this work.

5.2 Generation of CHO Cell Line

The generation of a landing pad containing cell line was well demonstrated by Chen and
colleagues in the context of maturation of antibodies. In their work, sorting of GFP clones
resulted in a pool of high expressing cells as a prerequisite for a robust GOI expression from
the tagged locus. In contrast to Chen et al., the landing pad containing line generated in this
work carries an RFP expressing cassette instead of Puromycin resistance allowing sorting of
RFP positive and GFP negative cells resulting in an enrichment of cells with a putative single

integration site!!’. Furthermore, the presence of RPF in non-exchanged cells enables a direct
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flow cytometry-based sorting of RFP negative cells as a marker for a successful exchangel’3.
The increase of the GFP MFI over the two selection rounds and the constant RFP expression
of the landing pad containing clones indicated that the prerequisites of high and stable
expression are fulfilled for both clonal candidates. As an important criterion, the single copy
integration, was confirmed via TLA analysis and allowed a very detailed insight into the
integration site and the copy number. When comparing the TLA data of the 1% and 2"
generation landing pad it appears that the investigated CHO clones of the 1% generation had
all different breakpoints while the ones from the 2" generation exhibited the anticipated
breakpoint in the ampicillin resistance gene of the donor vector. This difference might be
explained by occurrence of random integration events of the RFP-containing donor vector in
the 1°t generation leading to more diverse integration. In contrast, the presence of only one
breakpoint for all clones of the 2" generation landing pad indicates a clonal relationship*é,
most probably originating from linear insertion of the GFP carrying vector and a correct RMCE
exchange. These results support the superiority of the 2"¢ generation vector design, lacking
the CMV promotor on the donor vector, over the 1 generation, since random integration
events of the donor vector will not lead to RFP expression. Expression of RFP will only occur
when integrated correctly into the targeted locus with the integrated hCMV promotor or if
by chance integrated in frame behind a promotor of the host genome. Despite its background
integration level, the 1%t generation landing pad was fully functional while the 2" generation
version additionally prevented expression of randomly integrated target protein copies,

which for this generation will likely still occur.

5.3 Evaluation of Different TCR Formats in CHO Display

Different constructs of soluble TCR formats were tested in CHO display using the established
landing pad containing cell line with the aim of evaluating the application range of the new
system for engineering of TCR-based biomolecules. All formats used the variable domains of
a maturated PRAME-targeting model TCR linked in a monovalent fashion with either the N-
terminus of an 1gG Fc region (ScFc-scTv) or with the heavy (HC-scTv) or the light chain (LC-
scTv) of an CD3-binding Fab region. A fourth format (TCER®) used the TCR and CD3 Ab variable
domains in a diabody-like design with an Fc region attached. In addition, the TCR was also

expressed as monovalent single chain TCR construct (scTv) and as bivalent symmetric Fc
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conjugated construct (DuoFc-scTv). All monovalent formats contained only one TM domain
for anchoring into the CHO cell membrane to just allow surface expression of heterodimeric
TCR constructs. With this setup all TCR formats exhibited detectable expression on the CHO
surface with only minor differences. The slightly reduced expression level of the TCER®
molecule compared to the Fc- or Fab-based molecules might be due to the more complex
structure. The comparable target and off-target binding of all formats can be explained by the
fact that they all share the same TCR variable domains of the PRAME-binding model TCR. The
only difference is the bivalency of the DuoFc-scTv formats leading to stronger binding due to
avidity effects'’4, which may also explain the binding to off-targets not recognized by any
other format. Therefore, this comparison of different formats has demonstrated that some
formats are especially suited to evaluate certain binding characteristics of the underlying TCR
like the DuoFc-scTv format for the sensitive detection of potentially relevant off-target
peptides. Although the TCER® might not be the optimal format for evaluating the TCR binding
characteristics its usage is linked to the huge advantage of maturating the TCR domains in the
final therapeutic format and the relevant expression cell line. Recent studies demonstrated
that a switch between screening format and therapeutic format can be accompanied by a
reduction in affinity also including loss of function. These findings are supported by internal
observations when transferring certain yeast display-derived scTv mutations into the TCER®
format resulted in unexpected loss of expression or loss of affinity. This might be due to two
possible reasons, such as the finding that CHO cells tend to better express molecules matured
in a CHO system®!’ or the fact that the TCR binding domains are packed very densely with an
eight amino acid linker and thus mutations might interfere with the structural setup of the
TCER® format allowing only small variations in the angle between a and B domains important
for target recognition of TCRs!’>. Minor variations in the structure based on added mutations
might lead to changes in the binding behavior due to changed angles of the TCER® domains
resulting in reduced or complete loss of target binding. One additional advantages of this
system employing the final bispecific TCR format is thus related to the ability to select

mutations potentially beneficial for the interdomain stability of the TCER® molecules.

106



Discussion

5.4 TCR Maturation Using CHO Display of TCER® Molecules

5.4.1 Generation and Selection of PRAME-specific TCER® Library

PRAME is an attractive target for immunotherapy since its expression is mainly restricted to
tumor tissues and germline cells making it a promising target in various cancer entities like
metastatic uveal melanoma'’® and sarcoma subtypes!’”*’8 The importance of PRAME as a
valuable target is shown by various preclinical'’8% and clinical efforts to generate PRAME-
specific therapies!8! reinforcing the significance of this work in maturating a PRAME-specific
TCER®. To demonstrate that the established CHO display can achieve this in the context of full
TCER® molecules, a CDR combinatorial library was designed based on a PRAME-specific model
TCR whose CDR mutations were previously identified from an independent yeast display-
based TCR maturation campaign. Different combinations of mutated CDRs can have dramatic
impact on the stability and affinity of a TCR, which is supported by internal findings that some
combinations of affinity increasing mutated CDRs can also result in decreased binding affinity.
The same principle was also previously used in an antibody maturation environment
combining smaller CDR libraries selecting optimized scFv candidates for target binding and
eliminating non-functional combinations'®2. A systematic screening of all possible
combinations of mutated CDRs is therefore beneficial to identify appropriate TCR variants for

an increased target binding.

5.4.2 Evaluation of TCER® Expression and Binding in CHO Display

The systematic combination 2, 6, 16, 6, 16, and 2 variants of CDRal, CDRa2, CDRa3, CDRB1,
CDRB2, and CDRp3, respectively, resulted in the identification of 39 unique PRAME TCR
sequences, each representing different combinations of the input CDR sequences. The
presence of only one out of 16 CDRB2 input sequences supported the successful selection via
the CHO display resulting in TCER® variants with improved PRAME pHLA binding. The

183 3llows the

mentioned stringency seen for CDRB2, mainly involved in HLA binding
assumption that stabilized binding of the HLA backbone led to a higher affinity binding of the
PRAME pHLA. In contrast, the higher diversity of identified CDRa2 and CDRB1 sequences
suggest a minor role of these CDRs in the affinity gain. Peptide binding mainly involves CDRa3

and CDRB3 but the limited stringency of CDR3 sequences identified after TCR affinity
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maturation with a continuous counterselection rather argues against a major role of these
CDRs in gaining affinity. Based on the results it can be concluded that the affinity
increasement is primarily based on a more stable HLA binding than on an increased and
specific target binding. Nevertheless, some small influence of the CDRa3 and CDRB3 on the
affinity can be observed when combining the sequence data with the affinity measurement
displaying similarities between the 6 candidates with the lowest Kp values. They all display a
methionine at the last position of the CDRa3 while all remaining candidates display a lysine
or isoleucine. Therefore, the methionine at this position seems to have a beneficial influence
on the affinity of the TCR domain. It can also be noted that the SGHRS motive of the CDRB1
displayed by three of four of the candidates with the highest Kp values is prompting to a rather
negative influence on the binding affinity.

The assumption that the affinity increasement is driven by a stronger binding to the HLA
backbone via CDRB2 would further explain the rather broad off-target recognition of the TCR
candidates. The sequence similarities of the recognized similar peptides 9, 10, and 11 point
to a C-terminal binding of the PRAME peptide with a predominant role of histidine and
isoleucine at positions 5 and 7, respectively. During the maturation process not a single
candidate without major off-target recognition could be isolated pointing towards the notion
that such off-target recognition represents an inherent property of the parental PRAME TCR
used for the affinity maturation rather than being a general weakness of the established
system. This assumption is supported by internal observations that few TCRs cannot be
satisfactorily matured due to insufficient stability, low starting affinity or due to gain of off-
target recognition during maturation, which might be attributed to particular features of the
parental TCRs. Nevertheless, this established CHO display system allows the profound
selection of high-affinity TCER® candidates while the quality and binding characteristics of the

underlying parental TCR strongly influence the final maturation success.

5.4.3 Affinity Determination for Solubly Expressed TCER® Candidates

TCRs in a physiological setting exhibit binding affinities in the micromolar range and maintain
a self-tolerance through negative selection in the thymus and high affinity TCRs recognizing
tumor targets at quite low copy numbers on tumors are very rare. Therefore, the generation

of high affinity TCRs with a significant increase of the affinity in the nanomolar range or lower
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via in vitro maturation systems is necessary resulting in TCRs recognizing low epitope
numbers!®*, The measured affinities of the maturated TCRs were in the single digit nanomolar
range demonstrating that the combination of yeast display and mammalian display in this
case, can result in the isolation of high affinity TCRs with the potential to recognize sub
physiological target pHLA copy numbers. In line with this, first biotherapeutics with high
affinity TCR domains®’ showed promising anti-tumor responses in patients resulting in the
FDA approval of the gp100-targeting ImmTAC molecule3. Even though an increased affinity
is associated with the recognition of lower copy numbers this concept cannot be
generalized'® and TCR candidates need a further evaluation of their target recognition

potential.

5.4.4 Assessment of TCER®-mediated Killing of Tumor Cells

Functional assessment of the TCER® candidates showed that all selected candidates mediated
target cell killing to different extents reflecting two effects already seen in the evaluation of
other TCR-based bispecific molecules. This is on the one hand, the copy number dependency
of the cytotoxicity resulting in decreased mediated lyses in cell lines with lower target pHLA
numbers on the surface!®. And on the other hand, the dependency of the cytotoxic potential
on the affinity of the molecules. The presented results show that the higher affinity
candidates with Kp values below or slightly above 10 nM induced target cell killing more
efficiently than the remaining ones. Therefore, the TCR affinity is an important criterion for
the in vitro efficacy of TCR-based bispecifics. The observed lysis rate of 10-50 % in target pHLA
positive cell lines with low copy numbers is comparable with the one observed for the gp100-
specific ImmTAC even though the experimental setups are not completely comparable. For
instance, the ImmTAC molecule was evaluated in the presence of purified cytotoxic CD8" T
cells while the TCER® candidates were incubated with PBMCs. This difference might explain
the higher cytotoxicity of the InmTAC molecule at lower concentrations’*. When comparing
the TCER® candidates with a TCR mimic antibody also targeting a PRAME-derived peptide in
an HLA context investigated in a different study, the selected TCER® candidates demonstrate
higher cytotoxic potential*® supporting a TCR-based approach for the targeting of pHLA

targets.
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Besides efficacy against target-positive tumor cells, also the specificity of the TCER®
candidates was evaluated and off-target recognition, visualized via the killing of target-
negative T98G cells, could be observed for all candidates at concentrations between
100 pM and 1 nM depending on the Kp values of the candidates. In case of target-negative
SET-2 cells such an off-target killing was seen at concentrations above 1 nM. The higher
susceptibility for off-target-mediated killing of T98G cells might be explained by the high HLA
expression level in T98G resulting in increased off-target pHLA presentation. The off-target
reactivity is a key factor for clinical safety and needs to be closely monitored. The importance
of this was shown by several examples of unpredicted off-target effects resulting in
neurotoxicity after the application of blinatumomab, an anti-CD19/anti-CD3 bispecific

187 and CD19 chimeric antigen receptors!®®. The application of an enhanced

antibody,
MAGE-A3 targeting TCR even resulted in fatalities of probands due to cross-reactivity to a
healthy tissue pHLA®%1%0 The here selected candidates are therefore most probably not
suited for further development as therapeutic agents, since unwanted off-target reactivity
are observed in target negative cell lines pointing to an insufficient specificity of the

underlying TCR and the TCER® candidates.

5.4.5 Immune Activation of Selected TCER® Candidates

In addition to tumor cell killing, the assessment of lymphoid cell activation gives a more
detailed insight into the different cell types involved in the anti-tumor response. The superior
role of the more affine TCER® candidates especially CL-7467 is further strengthened by the
activation profile of CD4*, CD8*, and NK cells inducing robust activation measured via CD69
upregulation. The CD69 marker is one of the earliest activation markers for lymphoid
activation detectable on T cells and NK cells acting as a costimulatory molecule for activation
and proliferation leading to the production of cytokines including IL-21%1, Even though newer
findings also point to the role of CD69 in the immune escape of tumors via mediating T cell
exhaustion'®?, the combined data of activation and cytokine release allow the assumption
that the tested TCER® candidates specifically mediated effector cell activation also resulting
in a profound release of granzyme B, perforin, IL-2, and INFy. The observed activation of CD3"
NK cell might be explained by a kind of bystander activation induced by high levels of

cytokines released from activated T cells during the incubation period. This phenomenon is
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known from unspecific T cell activation and was also observed for NK cell in mice in the
context of viral infections'®3. The upregulation of CD69 mediated by higher affinity TCER®
molecules in the presence of target negative SET-2 cells with no detectable release of relevant
cytokines suggest no off-target killing but CD69 upregulation due to other effects mediated
by high TCER® concentrations. The affinity dependency of the provoked response also seen

throughout the killing assays was in line with the ImmTAC molecules’.

5.5 Conclusion and Outlook

Throughout the study it was shown that the landing pad containing CHO display system has a
great value for the maturation of TCR domains in context of full TCER® molecules, since it has
a stable single copy integration ensuring a uniform expression during the maturation
campaign. Furthermore, a good correlation between the membrane-bound TCER® candidates
and their soluble counterparts was seen with candidates showing more promising functional
results like target cell killing, effector cell activation, and cytokine release already standing
out in the membrane-bound analysis with first detectable PRAME pHLA binding at 0.1 nM.
This enables a profound selection of promising candidates already early in the selection
process out of a larger candidate pool without the need of producing all potential candidates
as soluble molecules. Even though the maturation of the model TCR targeting PRAME pHLA
did not result in the isolation of a candidate suited for further clinical development, the
system is well suited for the maturation of an alternative parental TCR with a more specific
binding pattern, hopefully resulting in the identification of a TCER® candidate for a potential
therapeutic application.

Although the display system is already highly functional, it can be improved via the usage of

147 increasing the exchange rate!?°

efficiency enhanced version of the Flp recombinase
allowing the generation of larger libraries. Another option to increase the exchange efficiency
is the usage of an alternative recombinase reported to mediate exchange rates superior to
Flp recombinase, but not suitable for the setup of stable landing pad containing cell line due

to non-reusable recombination sites like the ®C31 recombinasel’®

. Moreover, the system can
be extended via the coupling with SHM, which is already successfully established for the
maturation of antibodies!?%137194 gnd TCRs'®#1% allowing repeated cycles of affinity

maturation leading to very large libraries with continuous screening of binding and expression
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characteristics via flow cytometry. Since the AID enzyme mainly focusses on CDR regions!®®,

it should be taken into account that also the CD3 binding moiety will be targeted for mutation
if complete TCER® molecules are maturated. Besides affinity maturation of the TCR moiety,
also the optimization of the TCER® molecules as a whole could be achieved for example via
random mutagenesis of the interface region the TCR and CD3 binding domains enabling the
isolation of stabilized molecules possibly resulting in enhanced target binding or improved
soluble expression. The secretion of soluble proteins directly from the display cells via
alternative splicing is likewise a method of interest, allowing a more rapid functional
assessment without the need of a separate soluble expression culture®®’. All in all, the here
established system is already a valuable tool for the development of TCR-based bispecifics
and holds great potential to be extended to display very large libraries and give an even more

detailed assessment of developability characteristics.
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6 Appendix

6.1 Sequences

6.1.1 DuoFc-scTv

ATG AAG TGG GTC ACC TTT ATC AGT CTG CTG TTT CTG TTC TCT AGT GCC TAT TCT CAA
M K W \Y T F I S L L F L F S S A Y S Q

AAA GAG GTC GAG CAG AAC AGC GGC CCT CTG TCT GTT CCT GAG GGC GCT ATC GCC TCT
K E v E Q N S G P L S v P E G A I A S
CTG AAC TGC ACC TAC TCC GAC AGA GGC TCC CAG AGC TTC TTC TGG TAC AGA CAG TAC
TCC GGC AAG TCC CCT GAG CTG ATC ATG TCC ATC TAC CAA GAG GGC GAC AAA GAG GAC
GGC CGG TTT ACC GCT CAG CTG AAC AAG GCC TCT CAG TAC GTG TCC CTG CTG ATC CGG
GAC TCC CAG CCT TCT GAT TCT GCC ACC TAC CTG TGT GCC GCC GTG ATC GAC AAT GAC
CAA GGC GGC ATC CTG ACC TTC GGC ACC GGA ACC AGA CTG ACA ATC ATC CCC AAC ATC
CAG AAC GGC GGT GGT GGT TCT GGC GGC GGA GGA AGC GGA GGC GGA GGT TCT GGC GGT
GGT GGT TCT GGC GGC GGA GGA AGC AAA GCT GGT GTC ACC CAG ACA CCT AGA TAC CTG
ATC AAG ACC AGA GGC CAG CAA GTG ACA CTG TCC TGC TCT CCC ATT CCT GGC CAC AGA
GCC GTG TCC TGG TAT CAG CAG ACA CCA GGC CAG GGC CTG CAG TTT CTG TTC GAG TAT
GTG CAC GGC GAG GAA CGG AAC AAG GGC AAC TTC CCC GGC AGA TTC TCC GGC AGA CAG
TTC TCC AAC TCC TCC AGC GAG ATG AAC ATC TCC AAC CTG GAA CTG GGC GAC AGC GCC
CTG TAC CTG TGT GCT TCT TCT CCT TGG GAC TCC CCT AAC GTG CAG TAC TTC GGC CCT
GGC ACC AGA CTG ACC GTG ACC GAG GAT CTG AAG AAC GAG CCC AAG TCC TGT GAT AAG
ACC CAT ACA TGC CCA CCT TGT CCA GCT CCA CCA GTG GCT GGC CCT AGC GTG TTC CTG

TTT CCT CCA AAG CCT AAG GAC ACC CTG ATG ATC TCC AGG ACC CCA GAG GTG ACA TGC

GTG GTG GTG GAC GTG AGC CAC GAG GAC CCC GAG GTG AAG TTT AAC TGG TAC GTG GAT
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GGC

TAT

TAT

AAG

GAG

GAC

CCA

AAG

CAC

GAC

TCC

CTG

GTG

CGG

AAG

GCC

CTG

ATC

CcccC

TCC

AAT

ACC

GCC

TGG

GAG

GTG

TGC

AAG

ACC

GCT

GTG

AGG

CAT

CAG

ATC

CAG
Q

GTG

GTG

AAG

GGC

AAG

GTG

CTG

TGG

TAC

GAG

CTG

AAG

6.1.2 HC-scTv

ATG AAA TGG GTC

M

AAA

K

CTG

TCC

GGC

GAC

CAA

K

GAG

AAC

GGC

CGG

TCC

GGC

W

GTC

TGC

AAG

TTT

CAG

GGC

v

GAG

ACC

TCC

ACC

CCT

ATC

CAT

TCC

GTG

CAG

AAC

GAG

GAC

CAG

ACA

GTG

GCC

AAG

ACC

CAG

TAC

CCT

GCT

TCT

CTG

AAT

GTG

TCT

(6167

CAG

TGG

TCC

CAG

CAG

ATC

CTG

CcccC

TTT

AAC

TCC

GAG

CAG

GAT

ACC

GCC

CTG

AAT

AGA

GTG

GAG

GAT

GGC

AAG

GTG

GTG

AGG

ATC

AGC

GAC

CTG

CTG

TCT

TTC

AAG

ACA

AAG

GAG

AGC

TCT

GGC

AAC

AGC

GTG

GTG

TAA

TCC

GGC

AGA

ATC

AAC

GCC

GGC

ACC

GTG

GCC

CcccC

CTG

AAT

AGC

GTG

CTG

CcccC

CTG

TGA

CTG

CCT

GGC

ATG

AAG

ACC

ACC

AAG

CTG

CTG

CAG

ACA

GGC

TTC

TTT

TCT

CAC

ACC

CTG

CTG

TCC

TCC

GCC

TAC

GGA

CCT

CAT

CcccC

GTG

TGT

CAG

TTT

TCT

CTG

TCC

ATC

TTC

TCT

CAG

ATC

TCT

CTG

ACC

AGG

CAG

GCC

TAC

CTG

CCT

CTG

TGC

TCC

CTG

ATC

CTG

GTT

AGC

TAC

CAG

TGT

AGA

GAG

GAC

TCC

ACA

GTG

GAG

TAT

TCC

(6167

CcccC

TCC

TTC

CCT

TTC

CAA

TAC

GCC

CTG

GAG

TGG

ATC

CTG

AAG

AAC

TCT

GTG

GGC

TTC

CTG

TCC

GAG

TTC

GAG

GTG

GCC

ACA

CAG

CTG

GAG

CcccC

GGC

AAT

AAG

ATG

AAG

AAG

ATC

TCC

GGC

TGG

GGC

TCC

GTG

ATC

TAC

AAC

AAG

CCT

TTC

TAC

CTG

CAC

GCC

GTG

ATC

GCC

GCT

TAC

GAC

CTG

ATC

ATC

CAG

GGC

ACC

TCC

TAT

AAG

ACC

GAG

GTG

GTG

CTG

TAC

ATC

AGA

AAA

CTG

GAC

CcccC

TCT

AAG

ATC

CGC

CcccC

ACC

GTG

GCC

GGC

GTG

ATC

CAA

GCC

CAG

GAG

ATC

AAT

AAC

ACC

GAG

TCT

GAC

AGC

ACA

GAT

CTG

CAG

ATC

ATG

CAA

TCT

TAC

GAC

CGG

GAC

ATC
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CAG

GGT

ATC

GCC

GTG

TTC

CTG

GGC

ACC

AAG

TAC

ATC

CTG

GAG

GTG

TCC

GGC

GCC

TCC

TGC
C

AAC

GGT

AAG

GTG

CAC

TCC

TAC

ACC

CAC

CCT

GTG

AAC

ACC

GAC

TAC

GTG

TGC

CTG

CTG

AAC

GGA

TCT

ACC

TCC

GGC

AAC

CTG

AGA

ACC

GGC

ATG

CcccC

TCC

TCC

TGG

TTC

CTC

ACA

TCC

GTG
v

GGC

GGC

AGA

TGG

GAG

TCC

TGT

CTG

TGT

GCC

CAT

TAC

GAC

GCC

GGC

CCT

GTG

TCC

TCC

AAC

GGC

GGA

GGC

TAT

GAA

TCC

GCT

ACC

CcccC

TCC

TGG

AAC

AAG

GTG

CAG

CTG

AAG

GGC

GTC

CAC

GGA

GGC

CAG

CAG

CGG

AGC

TCT

GTG

CCT

GTG

GTC

GAC

TCC

CAC

GGC

GCC

GAC

GTG

GTG

AAG

TCT

GGA

CAA

CAG

AAC

GAG

TCT

ACC

TGT

AAG

AAG

GTG

TCC

TAC

ACC

CCT

TAC

CAC

ACC

CcccC

GGC

AGC

GTG

ACA

AAG

ATG

CCT

GAG

CCT

ATG

CAG

ACC

TCC

TGT

CTC

TCC

TTC

ACC

GTG

TCC

GGC

AAA

ACA

(6167

GGC

AAC

TGG

GAT

GTG

TCC

AAG

AAG

ACC

GCC

GTG

AGC

CcccC

TTT

CCT

AAC

GGA

GCT

CTG

GGC

AAC

ATC

GAC

CTG

CAG

TGC

CcccC

TAC

GCC

AGA

ACC

AAG

GAA

cca

TCC

ACC

GGA

GGT

TCC

CAG

TTC

TCC

TCC

AAG

CTG

AAG

GGC

AAC

TAC

GGC

GTG

TCT

CCG

GCT

AGC

AAG

AGC

GTC

TGC

GGC

CcccC

AAC

CCT

AAC

CAG

GCC

CAG

GAG

ATG

TCC

TCA

ACC

GTG

GTG

TCT

GTG

GGA

ACC

TCT

CTG

GGC

CTG

AAC

GAA

CAG

TCC

GGC

AAG

GAA

TAC

TCT

TCT

ACC

CTG

CTG

GAC

GGC

CAG

CcccC

CAG

AGA

GAA

GTG

CccC

TCT

GGC

CTG

TTC

CTG

TAC

GCT

GGC

GTG

CAG

GGC

AAG

GGA

ACA

ATT

TTT

TTC

CTG

CAG

AAG

GGA

TAC

GAA

AAG

TCC

GAC

TCC

GGC

TCT

TCC

ACC

AAG

GGT

CCT

CCT

CTG

TCC

GGC

TAC

TCC

CcccC

AAG

TGG

GGC

TCC

TAC

ACC

ACA

TGG

TCC

CAG

GTG

TCT

AGA

GGC

TTC

GGC

GAC

TTC

TGC

GAG

TTC

ATC

AAG

CTG

GAC

AAG

GCC

AAC

GGC

ACC

GCC

GGC

TAC

CAC

GAG

AGA

AGC

GGC

GAC

CTC

ACC

GGC

GCC

ACC

GGC

GGC

GCT

TCT

CTG

TAC

GTG

GGT

CTG

AGA

TAT

CAG

GCC

CCT

AAG

GTG

TCC

TAC

ACC

AGC

TTC

CCA

CTG

GGC

TAC

ATC

GGC
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CAG GAC ACC CAG
D T Q

ATC TCC GCC ATC
I S A I

ATG CTG TGG CAG
M L W Q

6.1.3 LC-scTv

ATG AAG TGG GTC
M K W v

AAA GAG GTC GAG

K E \Y% E

CTG AAC TGC ACC

TCC GGC AAG TCC

GGC CGG TTT ACC

GAC TCC CAG CCT

CAA GGC GGC ATC

CAG AAC GGA GGC

GGT GGT TCT GGC

ATC AAG ACC AGA

GCC GTG TCC TGG

GTG CAC GGC GAG

TTC TCC AAC TCC

CTG TAC CTG TGT

GGC ACC AGA CTG

ACC CAC ACC TGT

GAG

CTG

AAG

ACC

CAG

TAC

CCT

GCT

TCT

CTG

GGC

GGA

GGC

TAT

GAA

TCC

GCT

ACC

CcccC
P

GTG

GCC

AAG

TTT

AAC

TCC

GAG

CAG

GAT

ACC

GGA

GGC

CAG

CAG

CGG

AGC

TCT

GTG

CCT

ATC

CTG

CcccC

ATC

AGC

GAC

CTG

CTG

TCT

TTC

TCT

GGA

CAA

CAG

AAC

GAG

TCT

ACC

TGT

GTG

GTG

AGG

GAG

GGC

AGA

ATC

AAC

GCC

GGC

GGC

AGC

GTG

ACA

AAG

ATG

CCT

GAG

CCT

GTG

GTG

TAA

ACC

CCT

GGC

ATG

AAG

ACC

ACC

GGC

AAA

ACA

(6167

GGC

AAC

TGG

GAT

ATC

CCC CAC TCC CTG CCC TTC AAG GTG GTG GTG

P

H

S

L

P

F

K

\

\

\

CTG ACC ATC ATC TCC CTG ATC ATC CTG ATC

L

TGA

CTG

CTG

TCC

TCC

GCC

TAC

GGA

GGA

GCT

CTG

GGC

AAC

ATC

GAC

CTG

GTG

T

TTT

TCT

CAG

ATC

TCT

CTG

ACC

GGA

GGT

TCC

CAG

TTC

TCC

TCC

AAG

CTG

I

CTG

GTT

AGC

TAC

CAG

TGT

AGA

AGC

GTC

TGC

GGC

CcccC

AAC

CCT

AAC

ACC

I

TTC

CCT

TTC

CAA

TAC

GCC

CTG

GGA

ACC

TCT

CTG

GGC

CTG

AAC

GAA

CAG

S

TCA

GAG

TTC

GAG

GTG

GCC

ACA

GGC

CAG

CcccC

CAG

AGA

GAA

GTG

CcccC

TCC

L

AGC

GGC

TGG

GGC

TCC

GTG

ATC

GGA

ACA

ATT

TTT

TTC

CTG

CAG

AAG

CcccC

I

GCC

GCT

TAC

GAC

CTG

ATC

ATC

GGT

CCT

CCT

CTG

TCC

GGC

TAC

TCC

GCC

I

TAC

ATC

AGA

AAA

CTG

GAC

CcccC

TCT

AGA

GGC

TTC

GGC

GAC

TTC

TGC

ATC

L

TCT

GCC

CAG

GAG

ATC

AAT

AAC

GGC

TAC

CAC

GAG

AGA

AGC

GGC

GAC

ATG

I

CAA

TCT

TAC

GAC

CGG

GAC

ATC

GGT

CTG

AGA

TAT

CAG

GCC

CCT

AAG

TCT
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GCT

ATG

TCC

TAC

CAG

ACC

GGC

CAG

CAG

GAC

CCC

TCT

CAC

AAG

TCC

TGG

GTG

ACC

TGG

GAC

TAC

GTG

CcccC

TGG

CTG

CTG

TCC

GCC

GCT

AAG

TCC

GAG

ACC

GGC

TAT

GCC

ACC

TCC

GCT

TCT

GTG

AAG

AAG

AAG

6.1.4 ScFc-scTv

ATG AAG TGG GTC

M

AAA

K

CTG

TCC

GGC

GAC

CAA

CAG

K

GAG

AAC

GGC

CGG

TCC

GGC

AAC

W

GTC

TGC

AAG

TTT

CAG

GGC

GGC

v

GAG

ACC

TCC

ACC

CCT

ATC

GGT

GAG

CAG

TCT

ATC

AAC

CcccC

GTC

GAC

GAC

CAC

TCT

ACC

CAG

TAC

CCT

GCT

TCT

CTG

GGT

CAG

GGC

TCC

CcccC

TCC

GTG

AAC

AGC

AAG

TTC

TTT

AAC

TCC

GAG

CAG

GAT

ACC

GGT

GTG

AAG

GTG

TCC

CTG

GTG

TGC

GCC

ACC

GTG

AAC

ATC

AGC

GAC

CTG

CTG

TCT

TTC

TCT

ACC

TCC

CcccC

ATG

ACC

TTC

CTG

CTG

TAC

TAC

CGG

AGT

GGC

AGA

ATC

AAC

GCC

GGC

GGC

ATG

GGC

GCT

GAA

TTT

ATC

CTG

CAG

TCC

GCC

GGC

CTG

CCT

GGC

ATG

AAG

ACC

ACC

GGC

ACC

ACC

AGA

GCC

GGC

TTC

AAC

TCC

CTG

TGC

GAG

CTG

CTG

TCC

TCC

GCC

TAC

GGA

GGA

TGC

TCC

TTC

GAG

GCT

(6167

AAC

GGC

TCT

GAA

TGC

TTT

TCT

CAG

ATC

TCT

CTG

ACC

GGA

TCC

CcccC

TCC

GAT

GGC

CCT

TTC

AAC

AAC

GTG

TAA

CTG

GTT

AGC

TAC

CAG

TGT

AGA

AGC

GCC

AAG

GGC

GCC

ACC

TCC

TAC

TCC

ACC

ACC

TGA

TTC

CCT

TTC

CAA

TAC

GCC

CTG

GGA

ACC

CGG

TCT

GCC

AAG

GAC

CcccC

CAG

CTG

CAC

TCT

GAG

TTC

GAG

GTG

GCC

ACA

GGC

TCC

TGG

GGC

ACC

CTG

GAG

CGC

GAA

ACA

CAG

AGT

GGC

TGG

GGC

TCC

GTG

ATC

GGA

TCC

ATC

TCC

TAC

GAA

CAG

GAG

TCC

CTG

GGC

GCC

GCT

TAC

GAC

CTG

ATC

ATC

GGT

GTG

TAC

GGC

TAC

CTG

CTG

GCC

GTG

TCC

CTG

TAT

ATC

AGA

AAA

CTG

GAC

CcccC

TCT

TCC

GAC

ACC

TGC

AAG

AAG

AAG

ACC

AAG

TCT

TCT

GCC

CAG

GAG

ATC

AAT

AAC

GGC

TAC

ACC

TCC

CAG

CGG

TCC

GTG

GAG

GCC

AGC

CAA

TCT

TAC

GAC

CGG

GAC

ATC

GGT
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GGT

ATC

GCC

GTG

TTC

CTG

GGC

ACC

TTC

GTG

GTG

AGA

AAG

GCC

CTG

ATC

CCT

TCC

AAC

GGT

GGT

AAG

GTG

CAC

TCC

TAC

ACC

CAT

CcccC

TGG

GAA

TGC

TGC

AAG

ACC

GCC

GTG

CGG

CAC

GGT

TCT

ACC

TCC

GGC

AAC

CTG

AGA

ACA

CcccC

GAT

GTG

GTG

AAG

GGA

AAG

GTC

CTG

TGG

TAC

GGT

GGC

AGA

TGG

GAG

TCC

TGT

CTG

TGC

AAG

GTG

CAC

TCC

GTG

CAG

AAC

GAG

GAC

CAG

ACC

GGC

GGC

GGC

TAT

GAA

TCC

GCT

ACC

(6167

CcccC

TCT

AAC

GTG

TCC

CcccC

CAG

TGG

TCC

CAG

CAG

TCT

GGA

CAG

CAG

CGG

AGC

TCT

GTG

CCT

AAG

CAC

GCC

CTG

AAC

AGG

GTG

GAG

GAC

GGC

AAG

GGC

GGA

CAA

CAG

AAC

GAG

TCT

ACC

TGT

GAC

GAG

AAG

ACA

AAG

GAA

TCC

TCT

GGC

AAC

TCT

GGC

AGC

GTG

ACA

AAG

ATG

CCT

GAG

(6167

ACC

GAC

ACA

GTG

GCC

CcccC

CTG

AAT

TCA

GTG

CTG

GGA

AAA

ACA

(6167

GGC

AAC

TGG

GAT

GCT

CTG

CCT

AAG

CTG

CTG

CAG

ACC

GGC

TTC

TTC

TCC

GGT

GCT

CTG

GGC

AAC

ATC

GAC

CTG

cca

ATG

GAA

CcccC

CAC

CCT

GTT

TGT

CAG

TTC

TCC

CTG

TCA

GGT

TCC

CAG

TTC

TCC

TCC

AAG

CCT

ATC

GTG

TGC

CAG

GCT

TAC

CTC

(6167

CTG

TGT

TCT

GGT

GTC

TGC

GGC

CcccC

AAC

CCT

AAC

GTT

TCC

AAG

GAG

GAT

CCT

ACC

GTG

GAG

TAC

TCT

CCT

GGC

ACC

TCT

CTG

GGC

CTG

AAC

GAG

GCT

AGG

TTC

GAA

TGG

ATC

TTG

AAG

AAC

TCC

GTG

GGC

GGA

CAG

CcccC

CAG

AGA

GAA

GTG

CcccC

GGC

ACC

AAT

CAG

CTG

GAA

CCT

GGC

AAC

AAG

ATG

AAA

GGA

ACA

ATT

TTT

TTC

CTG

CAG

AAG

CCT

CcccC

TGG

TAC

AAC

AAG

CCA

TTC

TAC

CTG

CAC

GGC

TCA

CCT

CCT

CTG

TCC

GGC

TAC

TCC

TCC

GAG

TAC

GGC

GGC

ACC

TCT

TAC

AAG

ACT

GAG

GGC

GGC

AGA

GGC

TTC

GGC

GAC

TTC

TGT

GTG

GTG

GTG

TCC

AAA

ATC

CGG

CcccC

ACA

GTG

GCC

GGT

GGT

TAC

CAC

GAG

AGA

AGC

GGC

GAT

TTC

ACC

GAC

ACC

GAG

TCC

GAC

TCC

ACC

GAT

CTG

GGA

GGC

CTG

AGA

TAT

CAG

GCC

CCT

AAG

CTG

TGC

GGC

TAC

TAC

AAG

GAG

GAT

CCT

AAG

CAC

TCT

GGT
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TCC GGC GGT

GTG GCT GGC

AGC CGC ACA

AAG TTT AAT

GAA GAA CAA

GAC TGG CTG

CCA ATC GAG

ACA TTG CCA

GTT AAG GGG

GAG AAC AAT

TAC TCT AAA

TCC GTG ATG

CCC GGC AAA

CCC TTC AAG

TCC CTG ATC

6.1.5 scTv

ATG AAA TGG
M K W

AAA GAG GTC
K E \Y%

CTG AAC TGC
L N C

TCC GGC AAG
S G K

GGT

(6167

CCT

TGG

TAT

AAT

CCT

TTT

TAT

CTC

CAT

GCC

GTG

ATC

GTC

GAG

ACC

TCC
S

GGA

TCT

GAA

TAT

GGC

GGG

ACC

TCC

TAC

AAG

ACA

GAA

GTG

GTG

CTG

ACC

CAG

TAC

CCT

AGT

GTC

GTC

GTC

AGC

ATC

AGA

CCT

ACC

GTG

GCT

GGC

GTG

ATC

TTT

AAC

TCC

GAG

GAT

TTT

ACT

GAT

ACC

GAA

AGC

GAT

AGC

ACA

GAC

CTC

CAG

ATC

ATG

ATC

AGC

GAC

CTG

AAG

CTG

TGT

GGC

TAT

TAC

AAG

GAA

GAC

(6167

AAG

CAC

GAC

TCC

CTG

TCC

GGC

AGA

ATC

ACA

TTT

GTC

GTC

CGC

AARA

GCT

CTC

ATT

(6167

AGC

AAT

ACC

GCC

TGG

CTG

CCT

GGC

ATG

CAC

(6167

TGG

GAG

TGT

TGT

AAA

ACA

GCC

GTG

AGA

CAT

CAG

ATC

CAG

CTG

CTG

TCC

TCC

ACA

CCT

GAC

GTC

GTG

AAA

GGC

AAA

GTG

CTG

TGG

TAT

GAG

CTG

AAG

TTC

TCT

CAG

ATC

TGC

AAG

GTG

CAC

TCT

GTC

CAG

AAT

GAA

GAT

CAG

ACC

GTG

GCC

AAG

CTG

GTT

AGC

TAC

(6167

CCT

TCC

AAT

GTG

TCT

CCT

CAA

TGG

AGC

CAA

CAG

ATC

CTG

CcccC

TTC

CCT

TTC

CAA

CCT

AAG

CAT

GCT

CTC

AAC

CGC

GTC

GAA

GAC

GGG

AAA

GTG

GTG

AGG

TCC

GAG

TTC

GAG

TGT

GAT

GAA

AAG

ACC

AAG

GAG

TCC

TCC

GGC

AAT

AGC

GTG

GTG

TAA

TCC

GGC

TGG

GGC

CCT

ACA

GAT

ACC

GTC

GCT

CCT

CTG

AAC

TCA

GTG

CTG

CcccC

CTG

TGA

GCC

GCT

TAC

GAC

GCA

CTC

CcccC

AAG

CTG

CTC

CAG

ACA

GGC

TTT

TTT

TCT

CAC

ACC

TAC

ATC

AGA

AAA

CCT

ATG

GAA

CCT

CAT

CcccC

GTG

TGC

CAA

TTT

AGC

CTG

TCC

ATC

TCT

GCC

CAG

GAG

(6167

ATC

GTC

TGT

CAA

GCA

TAC

CTG

CCT

CTC

TGC

AGC

CTG

ATC

CAA

TCT

TAC

GAC
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GGC CGG TTT ACC

GAC TCC CAG CCT

CAA GGC GGC ATC

CAG AAC GGT GGA

GGT GGA TCT AAA

CAG CAA GTG ACA

CAG CAG ACA cCcCA

CGG AAC AAG GGC

AGC GAG ATG AAC

TCT TCT CCT TGG

GTG ACC GAG GAT

CCC CAC TCC CTG

CTG ACC ATC ATC

TGA

6.1.6 TCER®

6.1.6.1 Chain1l

ATG AAA TGG GTC
M K W \Y%

AAA GAG GTC GAG
K E v E

CTG AAC TGC ACC
L N C T

TCC GGC AAG TCC
S G K S

GCT

TCT

CTG

GGT

GCT

CTG

GGC

AAC

ATC

GAC

CTG

CcccC

TCC

ACC

CAG

TAC

CCT

CAG

GAT

ACC

GGA

GGT

TCC

CAG

TTC

TCC

TCC

AAG

TTC

CTG

TTT

AAC

TCC

GAG

CTG

TCT

TTC

TCA

GTC

TGC

GGC

CcccC

AAC

CCT

AAC

AAG

ATC

ATC

AGC

GAC

CTG

AAC

GCC

GGC

GGT

ACC

TCT

CTG

GGC

CTG

AAC

GCC

GTG

ATC

TCC

GGC

AGA

ATC

AAG

ACC

ACC

GGA

CAG

cccC

CAG

AGA

GAA

GTG

GTG

GTG

CTG

CTG

CCT

GGC

ATG

GCC

TAC

GGA

GGA

ACA

ATT

TTT

TTC

CTG

CAG

GGC

GTG

ATC

CTG

CTG

TCC

TCC

TCT

CTG

ACC

GGT

CCT

CCT

CTG

TCC

GGC

TAC

CAG

ATC

ATG

TTC

TCT

CAG

ATC

CAG

TGT

AGA

TCC

AGA

GGC

TTC

GGC

GAC

TTC

GAC

TCC

CTG

CTG

GTT

AGC

TAC

TAC

GCC

CTG

GGT

TAC

CAC

GAG

AGA

AGC

GGC

ACC

GCC

TGG

TTC

CCT

TTC

CAA

GTG

GCC

ACA

GGA

CTG

AGA

TAT

CAG

GCC

CCT

CAG

ATC

CAG

TCC

GAG

TTC

GAG

TCC

GTG

ATC

GGA

ATC

GCC

GTG

TTC

CTG

GGC

GAG

CTG

AAG

TCC

GGC

TGG

GGC

CTG

ATC

ATC

GGT

AAG

GTG

CAC

TCC

TAC

ACC

GTG

GCC

AAG

GCC

GCT

TAC

GAC

CTG

GAC

CcccC

TCA

ACC

TCC

GGC

AAC

CTG

AGA

ATC

CTG

CcccC

TAC

ATC

AGA

AARA

ATC

AAT

AAC

GGA

AGA

TGG

GAG

TCC

TGT

CTG

GTG

GTG

AGG

TCT

GCC

CAG

GAG

CGG

GAC

ATC

GGT

GGC

TAT

GAA

TCC

GCT

ACC

GTG

GTG

TAA

CAA

TCT

TAC

GAC
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GGC

GAC

CAA

CAG

AGC

ATC

ATC

TCT

TAC

GAA

CCT

ATG

CCC

AAG

CTG

CTG

CAG

TGG

GGC

TTC

TTC

CGG

TCC

GGC

AAC

CTG

CGG

TAC

GGC

TTC

ATC

(6167

ATC

GAA

CCT

CAC

CCT

GTG

TGT

CAG

TTC

TCC

TTT

CAG

GGC

GGC

TCC

AAC

TAC

ACC

TGC

GTG

TCT

GTG

AGA

CAG

GCC

TAC

CTG

CCT

CTG

TGC

ACC

CCT

ATC

GGA

GCT

TAC

ACC

GAC

CAG

GAG

GCT

CGG

AAG

GAG

GAT

TCC

ACA

GTC

GAG

TAC

TCC

GCT

TCT

CTG

GGA

TCT

CTG

TCT

TAT

CAA

CcccC

GGC

ACC

TTC

GAA

TGG

ATC

CTG

AAG

AAC

TCC

GTG

CAG

GAT

ACC

TCT

GTG

AAC

CGG

ACC

GGC

AAG

CCT

CCT

AAT

CAG

CTG

GAA

(6167

GGC

AAC

AAG

ATG

CTG

TCT

TTC

GGC

GGC

TGG

CTG

CTG

CAG

TCC

TCC

GAA

TGG

TAC

AAC

AAG

CCT

TTC

TAC

CTG

CAC

AAC

GCC

GGC

GGA

GAC

TAT

CAC

ACT

ACA

TCC

GTG

GTG

TAC

CAG

GGC

ACC

TGC

TAC

AAG

ACA

GAG

AAG

ACC

ACC

GGC

AGA

CAG

TCT

ATC

CTG

GAC

TTT

ACC

GTG

TCC

AAA

ATC

AGA

CcccC

ACA

GTG

GCC

GCC

TAC

GGA

GGA

GTG

CAG

GGC

TCC

CcccC

AAG

CTG

TGC

GAC

ACC

GAG

TCC

GAT

TCC

ACC

GAC

CTG

TCT

CTG

ACC

GAT

ACC

AAG

GTG

AGC

TGG

ACC

TTC

GTG

GGC

TAC

TAC

AAG

GAG

GAT

CCT

AAG

CAC

CAG

TGT

AGA

ATC

ATC

CCT

CcccC

CTG

ACA

CAC

CCT

GTG

GTG

AGA

AAG

GCC

CTG

ATC

CCT

TCC

AAT

TAC

GCC

CTG

CAG

ACC

GGC

TCT

CAG

TTT

ACC

(6167

GTG

GAA

GTG

TGC

AAG

ACC

GCC

GTG

AGA

CAC

GTG

GCC

ACA

ATG

TGT

AAG

AGA

CCT

GGC

TGT

AAG

GAT

GTG

GTG

AAG

GGA

AAG

GTG

CTG

TGG

TAC

TCC

GTG

ATC

ACC

AGA

GCC

TTT

GAG

CAG

CCT

CCT

GTG

CAC

TCC

GTG

CAG

AAC

GAA

GAC

CAG

ACC

CTG

ATC

ATC

CAG

GCC

(6167

TCT

GAT

GGC

(6167

AAG

TCT

AAC

GTG

TCC

CcccC

CAG

TGG

TCC

CAG

CAG

CTG

GAC

CccC

TCT

TCT

AAG

GGC

ATC

ACC

TGT

GAC

CAC

GCC

CTG

AAC

AGA

GTG

GAG

GAC

GGC

AAG

ATC

AAT

AAC

CCT

CAG

CTG

TCC

GCT

AAG

CCT

ACC

GAG

AAG

ACC

AAG

GAA

TCC

TCT

GGC

AAC

TCC

CGG

GAC

ATC

TCC

GAC

CTG

GGC

ACC

GTG

GCT

CTG

GAT

ACC

GTG

GCC

CcccC

CTG

AAT

TCA

GTG

CTG

121



Appendix

F S C S

TCT CTG TCC CCT
S L S P

CTG CCC TTC AAG
L P F K

ATC TCC CTG ATC
I S L I

6.1.6.2 Chain 2

ATG AAA TGG GTC

M K W \Y

GTG CAG CTG GTT

TCC TGC AAG GCT

GCT CCT GGA CAG

ACC TAC GCT CAG

ACC GCC TAC ATG

GCC AGA TCC GGC

ACC CTG GTC ACA

ACC CAG ACA CCT

TCT CCC ATT CCT

CTG CAG TTT CTG

GGC AGA TTC TCC

CTG GAA CTG GGC

AAC GTG CAG TAC

GAG CCC AAG TCC

GCT GGC CCT TCC

GCC

GTG

ATC

ACC

CAG

TCC

GGA

GAA

TAT

GTT

AGA

GGC

TTC

GGC

GAC

TTC

TCC

GTG

GTG

GTG

CTG

TTT

TCT

GGC

CTT

TTC

CTG

TAC

AGT

TAC

CAC

GAG

AGA

AGC

GGC

GAC

TTT

GGC

GTG

ATC

ATC

GGC

TAC

GAA

CAG

TCC

GGC

TCT

CTG

AGA

TAT

CAG

GCC

CCT

AAG

CTG

CAG

ATC

ATG

TCC

GCC

TCC

TGG

GAC

AGC

GAC

GGC

ATC

GCC

GTG

TTC

CTG

GGC

ACC

TTT

GAC

TCC

CTG

CTG

GAA

TTC

ATG

AGA

CTG

TCC

GGA

AAG

GTG

CAC

TCC

TAC

ACC

CAC

CCT

ACC

GCC

TGG

CTG

GTG

ACC

GGC

GTG

AGA

GAC

GGA

ACC

TCC

GGC

AAC

CTG

AGA

ACC

cca

CAG

ATC

CAG

TTC

AAG

GGC

CTG

ACC

TCT

TGG

AGT

AGA

TGG

GAG

TCC

TGT

CTG

TGT

AAG

GAG

CTG

AAG

CTG

AARA

TAC

ATC

CTG

GAG

TAC

GGC

GGC

TAT

GAA

TCC

GCT

ACC

CCT

CCT

GTG

GCC

AAG

TTC

CCT

ACA

AAC

ACC

GAC

TTC

GGA

CAG

CAG

CGG

AGC

TCT

GTG

(6167

AAG

ATC

CTG

CcccC

TCC

GGC

ATG

CcccC

GTG

ACC

GAT

GGC

CAA

CAG

AAC

GAG

TCT

ACC

TGT

GAC

GTG

GTG

AGG

AGC

GCC

AAC

TAC

GAC

GCC

GTG

GGA

GTG

ACA

AAG

ATG

CCT

GAG

(6167

ACC

GTG

GTG

TAA

GCC

TCT

TGG

AAG

AAG

GTG

TGG

AAA

ACA

(6167

GGC

AAC

TGG

GAT

GCT

CTG

CcccC

CTG

TGA

TAC

GTG

GTC

GGC

TCT

TAC

GGA

GCT

CTG

GGC

AAC

ATC

GAC

CTG

CCA

ATG

S

CAC
H

ACC
T

TCT

AAG

CGA

GTG

ACC

TAC

CAG

GGT

TCC

CAG

TTC

TCC

TCC

AAG

CCT

ATC

L

TCC
S

ATC
I

GAG

GTG

CAG

TCC

TCC

TGT

GGC

GTC

TGC

GGC

CcccC

AAC

CCT

AAC

GTT

TCT
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CGG

AAG

GAG

GAT

TCC

ACC

GTG

GAG

GTG

TCC

CCT

ACC

TTC

GAA

TGG

ATC

TTG

AAG

AAC

TCC

GTG

GGC

CCT

AAT

CAG

CTG

GAA

CCT

GGC

AAC

AAG

ATG

AAG
K

GAA

TGG

TAC

AAC

AAG

CCT

TTC

TAC

CTG

CAC

TGA

*

GTG

TAC

CAG

GGC

ACC

AGC

TAC

AAG

ACA

GAG

TAA

*

ACC

GTG

AGC

AARA

ATC

CGG

CCT

ACA

GTG

GCC

TGC

GAC

ACC

GAG

TCC

GAC

TCC

ACC

GAT

CTG

GTG

GGC

TAC

TAC

AAG

GAG

GAT

CCT

AAG

CAC

GTG

GTG

AGA

AAG

GCC

CTG

ATC

CCT

TCC

AAT

GTG

GAA

GTG

TGC

AAG

ACC

GCC

GTG

AGA

CAC

GAT

GTG

GTG

AAG

GGA

AAG

GTC

CTG

TGG

TAC

GTG

CAC

TCC

GTG

CAG

AAT

GAG

GAC

CAG

ACA

TCT

AAC

GTG

TCC

CcccC

CAG

TGG

TCC

CAG

CAG

CAC

GCC

CTG

AAC

CGG

GTG

GAG

GAC

GGC

AAG

GAG

AAG

ACC

AAG

GAA

TCC

TCT

GGC

AAC

TCT

GAC

ACC

GTG

GCC

CCT

CTG

AAT

TCA

GTG

CTG
L

CCA

AAG

CTG

CTG

CAA

AGC

GGC

TTC

TTC

TCC
S

GAA

CCT

CAC

CCT

GTC

TGT

CAG

TTC

TCC

CTG
L

GTG

AGA

CAG

GCC

TGT

GCC

(6167

CTG

TGC

TCT
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