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ABSTRACT

The success of CAR T cell therapy towards solid tumours is so far limited due to the
immunosuppressive tumour environment. Transforming growth factor-g (TGF-B) is highly
abundant and one of the main causes of an unsuccessful CAR T cell response due to its T cell
suppressive properties. We have previously identified that CAR T cell signalling through the
CD28 costimulatory domain provides resistance to TGF-B by high amounts of IL-2 released by
the stimulated T cells whereas 4-1BB does not. However, accumulating IL-2 in the targeted
tumour stimulates regulatory T cells, contributing further to immunosuppression. Therefore,
we have developed a Switch Receptor (SWR) that is composed of the TGF-B receptor-Il (TGF-
BRIl) binding domain and the intracellular IL-2 receptor-B chain (IL-2RB) mimicking IL-2
signalling upon TGF- engagement. The TGF-BRII-IL-2RB SWR converted TGF-f resistance to
4-1BB CAR T cells with increased T cell amplification, cytolytic properties and tumour cell
cytotoxicity. The SWR also converted resistance to the OX40 CAR and an IL-2 deficient variant
CD28ALCK CAR, which were all previously sensitive to TGF-B mediated suppression.
Moreover, the SWR showed superiority over the currently used dominant-negative (DN) TGF-
B receptor in amplification and tumour eradication after multiple rounds of tumour re-
challenging. Signalling through IL-2RB, without the presence of the IL-2R y chain, induced
pPSTATS5 and this was sufficient enough to convert TGF-f resistance. This study shows that CAR
T cells equipped with a TGF-BRII-IL2-RB SWR are resistant to TGF-B mediated suppression
therefore leading to an enhanced therapeutic effect in the fight against solid tumours.
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INTRODUCTION

1 INTRODUCTION

1.1 Immune Response to Cancer

Cancer is described as a disease within the genome and is characterised as genome instability
in which the process of point mutations accumulate and structural alterations occur known
as tumour progression (Gonzalez et al., 2018). These mutations have the possibility to lead to
tumour antigens, such antigens may be recognised by the immune system and initiate
immune cellular responses (Jin et al.,, 2019). One vital role of the immune system is
immunosurveillance, in which, immune cells of both innate and adaptive immune systems
infiltrate into the tumour microenvironment (TME), upon migration, such cells contribute to
preventing progression of the tumour (Chang & Beatty, 2020).

Cells such as, natural killer (NK), basophils, phagocytic, eosinophils, monocytes, macrophages,
neutrophils, and dendritic cells (DCs), are all characterised as innate immune cells, these cells
play a role in suppressing the tumour by direct tumour cell elimination or triggering neighbour
adaptive cells to initiate an adaptive immune response (Gajewski et al., 2013). The adaptive
immune system is composed of lymphocytes that include B cells and T cells. B cells are
responsible for a humoral response and T cells are associated with a cell mediated response
(Ribas, 2015). A successful immune response is considered when malignant cells are either
eliminated or their phenotype and function has been affected (Adam et al.,, 2003).
Unfortunately, cancer cells have developed mechanisms capable of escaping immune
surveillance, such as recruitment of immune suppressive cells, antigen loss and the regulation
of negative pathways. All contributing to a less effective anti-tumour immune response
(Beatty & Gladney, 2015).

1.2 Immunotherapy

Immunotherapy, a strategy involving using the patient’s immune system to eradicate
malignant cells is a significant step towards cancer treatment. Immunotherapy has shown
promising effectiveness for multiple cancer types with clinical response being achieved.
Although with response rates being limited and the uncertainty of mechanisms, the
breakthrough of immunotherapy is considered a revolutionary step in the treatment of
cancer. Immune cells are the major focus, having the ability to understand their migration
and infiltration into the TME is vital towards improving response rates but also critical for the
development of new therapeutic strategies for the treatment of cancer (Waldman et al.,
2020).

There are several types of immunotherapies such as, monoclonal antibodies, cytokine
therapy or adoptive cell transfer. The use of monoclonal antibodies was one of the first forms
of immunotherapy to be approved by the Food and Drug Administration (FDA) in
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INTRODUCTION

2011. This was achieved by successfully binding antibodies against the regulatory molecule
CTLA-4 (cytotoxic T lymphocyte-associated protein 4) and preventing the inhibitory signal on
the T cell, allowing for a more effective elimination of cancer cells by the CTLs (cytotoxic T
lymphocytes) (Fife & Bluestone, 2008). In recent years the focus has polarised towards the
understanding of T cell characterization and modification, with efforts drawn towards
adoptive T cell therapy, a promising strategy in which a patient’s own T cells are utilised for
the treatment of cancer (Rosenberg et al., 1988).

1.3 Adoptive Cell Therapy

Adoptive cell therapy is a process in which a patient’s own T cells are collected, modified
and/or expanded ex vivo and then reinfused back into the patient aiming to eliminate the
cancer. One of the main advantages to ACT is that transferred cells have the specificity to
target and eliminate cancer cells with limited risk of targeting normal tissue (Rohaan et al.,
2019).

One of the first approaches to ACT was the re-infusion of isolated T cells activated and
amplified in vitro in a specific fashion. Prior to the re-infusion process, lymphokine-activated
killer cells (LAKs) were generated in vitro from the patient’s blood T cells, stimulated by
interlukin-2 (IL-2) in vitro then re-administered back into the patient (Rosenberg et al., 1986).
The activated LAKs were then able to recognise and eliminate cancer cells without the risk of
effecting normal cells. The approach of using stimulated LAKs was effective in mice and
humans. However, the use of this therapy was limited due to its lack of specificity towards
other cancers and this therapy in combination with systemic IL-2 lead to toxic side effects in
patients (Glassman, 1989; Rosenberg et al., 1986).

The adoptive transfer of tumour-infiltrating lymphocytes (TILs) is another form of ACT. The
benefit to using TIL therapy is, TILs are endogenous lymphocytes found within the tumours,
once expanded ex vivo and re-infused back into the patient, these cells possess a higher
therapeutic effect in comparison to LAKs (Zhao et al., 2022). Rosenburg group discovered
that, prior to lymphodepletion, the combination of systemic IL-2 and TIL therapy, most of all
mice suffering from colon adenocarcinoma recovered (Rosenberg, 2014). However, the
therapeutic response rate of TIL adoptive cell therapy is restricted by certain factors, such as,
the presence of immunosuppressive cell types within the TME, low persistence and failure of
adoptive transferred cells and the initial number of tumour-infiltrating T cells. TIL therapy also
requires simultaneous high amounts of IL-2, Rosenburg also highlighted the administration of
high doses of IL-2 in cancer patients contributes to toxic side effects (Rosenberg, 2014).
However, on the contrary to this, the administration of TIL therapy with low-dose IL-2 was
successful in the treatment of metastatic melanoma in the context of a single institution
phase Il protocol (ClinicalTrials.gov identifier NCT01883323.). The trial included 12 patients and
all but one had previously progressed after treatment. The primary end point was response
rate and the second was safety and feasibility. The trail concluded that low-dose IL-2 following
adoptive cell transfer of TIL is feasible and clinically active (Nguyen et al., 2019).
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The application of adoptive cell therapy progressed significantly when it was discovered that
human T cells can be engineered to express the TCR of known specificity or an artificial
receptor, armouring the T cell with known specificity for targeting tumour antigens (Rohaan
et al., 2019). Modifying T cells to express either a Chimeric Antigen Receptor (CAR) or af T
cell receptor (TCR) and re-infusing them back into the patient with defined specificity is
considered to be a major development in the field of ACT. Both types of therapy have their
advantages and disadvantages, however, a direct comparison between the two is difficult due
to several parameters such as affinity, ligand density and ligand structure.

CAR T cell therapy has shown promising results, especially in targeting haematological cancer
(Porter et al., 2011), unfortunately the success is yet to be applied for the treatment of solid
cancer. Regarding the current success, the CD19 specific CAR targeting B cell malignancies is
the most successful CAR currently in the clinic. In 2017, the FDA approved the first two CAR T
cell therapies, the Tisagenlecluecel CAR (Kymriah®) (Maude et al., 2018) and the Axicabtagene
ciloeucel CAR (Yescarta®) - (Neelapu et al., 2017). Both CD19-targeting, with the product
Kymriah® used for the treatment of children and young adults up to 25 years old suffering
from B-cell ALL who do not respond to treatment or have relapsed twice (ClinicalTrials.gov
numbers, NCT01626495 and NCT01029366). The product from Yescarta®, used for the
treatment of adults with relapsed or refractory DLBCL. Furthermore, In 2018 this also led to
both products Yescarta® and Kymriah® being approved by the European Medicines Agency
(EMA\) for the treatment of relapsed/refractory B-cell ALL, DLBCL or PMBCL after two or more
lines of therapy (Styczynski, 2020).

Regarding the success of TCRs in clinic, TCRs have shown promising results in both solid
cancers and haematological, however, unfortunately severe side effects were observed. One
example of this is targeting the tumour antigen MAGE-A4 in myeloma and melanoma (Shafer
et al., 2022). TCR therapy towards this antigen induced off-target toxicity leading to damage
in non-cancerous tissue in which the patient unfortunately died. On the other hand, targeting
NY-ESO-1 which is a cancer-testis antigen appeared to be successful with no off-target toxicity
reported. Although the limitation with TCR therapy is that each TCR is specific for a certain
MHC-peptide (major histocompatibility complex) which therefore means its only suitable for
patients with matching MHC-tumours, the advantage of this therapy is intracellular and cell
surface proteins can be targeted if they are sufficiently presented on the MHC (Chen et al.,
1997; Yakirevich et al., 2003).

To summarise, while both strategies have common aspects and clinical success, as mentioned
above. Their differences dictate the purpose they serve. The main difference being the
receptors engineered into the cell, CAR T cells have receptors targeting naturally occurring
antigens, whereas TCRs rely on the MHC to mark cancer cells with recognisable antigens.
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Figure 1. Schematic diagram to show the process of adoptive cell therapy.
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1.4 Chimeric Antigen Receptors (CARs)

CAR T cell therapy is when a patient’s own T cells are engineered to express a Chimeric
Antigen Receptor and then adoptively transferred back into the patient, this type of ACT is
considered one of the most promising advancements in the field of immunotherapy. The
structure of a classical CAR is made up of an antigen binding domain, a hinge domain,
transmembrane domain and finally one or multiple signalling domains.

Equipping T cells with a receptor to recognise antigens dates back to 1987 & 1989, with
studies from Kuwana Y et al and Gross G et al, in which these chimeric receptors are referred
to as the first CAR prototypes (Gross et al., 1989; Kuwana et al., 1987). The introduction of
CD3{ signalling came when it was fused to an antigen binding domain in 1993 by Eshhar Z et
al in which showed T cell specific activation can be achieved. Below we address each
component of a CAR, their importance and how they impact functionality of engineered T
cells (Eshhar et al., 1993).

The antigen-binding domain is mostly a single chain fragment of variable region (scFv) of an
antibody, this allows for specific recognition of tumour-associated antigens (TAAs) on target
cells. Present is the antigen recognizing variable regions of an immunoglobin heavy chain (Vk)
and a immunoglobin light chain (V.), both chains are connected together with a peptide linker
that is short and flexible (Welschof et al., 1997). The scFv usually has high binding affinity and
impacts binding of the CAR which therefore carries importance in overall functionality of the
CAR T cell. Chmielewski et al in 2004 showed that in order to target cells which express an
antigen on a low level, a scFv with high binding affinity is required. However, it was shown
that when the binding affinity is above a certain threshold, overall T cell activation is not
affected (Chmielewski et al., 2004). On the other hand, if the antigen being targeted is
expressed on a high level, then a scFv with lower binding affinity is suggested. In conclusion
it is recommended when designing a CAR to take into consideration the expression levels of
the TAA you are targeting, whether it, may be expressed in healthy tissues or not and the
antigen binding affinity of the scFv, as this importantly contributes to overall functionality of
the CART cell.

Downstream of the scFv is what’s known as the hinge region or spacer domain. The
importance of this domain is to bring stability or homodimerization to the receptor for better
expression on the T cell surface but also allows for flexibility of the single chain for targeting
the required antigen (Jayaraman et al., 2020). Common spacer domains include CD4, CD8a
and CD28 however, the immunoglobin CH2-CH3 (Fc) domain from the constant region of
immunoglobin G (IgG) is often used. The Ig domain also carries importance for the effector
function of the CAR, when targeting certain antigens. The length of the spacer has to be
optimal to allow sufficient and effective antigen binding to allow for CAR T cell activation
(Fujiwara et al., 2020). In a study conducted by Fujiwara et al in 2020, they found that
although a difference in transmembrane domain effected expression level and stability on the
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T cell, however, CARs with a CD8a or CD28 derived hinge domain as spacer showed significant
differences in CAR T cell function, despite having similar expression levels.

Therefore, concluding that CAR T cell signalling intensity is not only affected by the expression
but also by the hinge domain. On the other hand, removing the hinge domain can also reduce
the expansion properties of the CAR, along with reducing the antitumour potential. This was
demonstrated targeting CD19, mesothelin, PSCA, MUC1 and HER2 (Qin et al., 2017).

The transmembrane domain, the function of the transmembrane domain is to not only serve
as an anchor for the receptor to the membrane of the T cell, but it allows for transducing
ligand recognition signals to the intracellular cytoplasmic domain. Common transmembrane
domains used in CARs include CD3{, CD4, CD8a, CD28, 0X40, ICOS and FceRly. It was reported
that first generation CD19 specific CARs containing the CD3{ transmembrane domain were less
stable on the T cell surface in comparison to 2" generation CARs containing the CD28
transmembrane domain (Dotti et al., 2014; Savoldo et al., 2011). Additionally, the use of coupled
transmembrane domains to form transmembrane mediated interactions has also been used.
Referred to as a “split CAR”, this novel design can deliver trans-cytoplasmic domain signalling.
This was demonstrated targeting Mesothelin and CD19 using an scFv-linked KIR domain and a
DAP12 domain (E. Wang et al., 2015). Further novel transmembrane domain deigns involve
“trans” signalling. This was demonstrated using the FceRly TM domain, which consists of 3
subunits a By, all 3 contribute to TM interactions. In order to create the “trans” signalling CAR,
the y and B cytoplasmic subunit was replaced with 4-1BB and CD3Z and the extracellular a domain
was replaced with a scFv targeting CD19 (Cappello et al., 2016). Designs as such allow for the
development of CARs with different functionality.

Lastly, are the cytoplasmic domains or often referred to as intracellular signalling domains. In T
cells, the intracellular domain of the TCR-CD3 complex is important for the primary signal which
is necessary for beginning the signal cascade. The secondary signal, often referred to as a co-
stimulatory signal is necessary for providing a sustained signal leading to T cell activation and
proliferation (Jayaraman et al., 2020). Co-stimulatory receptors include CD28, 4-1BB, OX40 and
ICOS. In the context of CAR T cells, these co-stimulatory signals are coupled with CD3Z to allow for
an in-cis signalling effect. As previously described, first generation CARs were typically designed
only consisting of a primary signal providing the activating signal upon antigen engagement,
usually this was the CD3 domain. However, research showed that CAR T cells engineered only
with the CD3C domain showed a lack of persistence and proliferation in vivo (Weinkove et al.,
2019). Moving forward, next came the 2" Generation CAR T cells. These included a co-stimulatory
domain and, in most cases, would consist of either CD28 or 4-1BB. Although both function
differently, the addition of a secondary signal provided functionalities such as long term
persistence and increased efficacy (Imai et al., 2004; Kalos et al., 2011; Savoldo et al., 2011), all of
which led to the clinical approval of CAR T cell therapy with Kymriah and Yescarta (Lu & Jiang,
2022). Below is a table to summarize the different co-stimulatory molecules and their function in
CART cells.
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Co-stimulatory
Domain

Receptor Family

Physiological
function during T
cell maturation

Kinetics/Characteristics

CD28

Ig Superfamily

Effector Memory

Potent cytotoxic
function, High IL-2
production, faster and
higher signal intensity,
PI13K/Akt/mTOR
pathway activation,
resistant to TGF-8

4-1BB

TNF-R Superfamily

Central Memory

Greater persistence
compared to CD28,
Central memory
polarization, less
chance of exhaustion,
Wnt/B-catenin pathway
activation

ICOS

Ig Superfamily

Thl & Th17
Polarization

Member of the Ig
superfamily, favours
Thl and Th17
polarization, reinforces
Th1 & Th2 cytokines
such as IL-4, IL-10, IL-21
& IFN-y

0X40

TNF-R Superfamily

Central Memory

Promotes sustained T
cell survival and
expansion, supress Treg
development, less
susceptible to
exhaustion, acts via both
PI3K/Akt and TRAF
pathways

CD27

TNF-R Superfamily

Central Memory

Member of TNF-R
superfamily, favours
CAR T cell persistence
due to upregulated Bcl-
X expression, promotes
effector differentiation

Table 1. Comparison of different co-stimulatory domains used in chimeric antigen receptors.
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The rational to use two co-stimulatory domains in a CAR along with the primary signal from CD3{,
paved the way for the introduction of 3™ generation CARs. 3" Gen CAR T cells utilizing CD28 & 4-
1BB have been tested targeting CD19, PSMA, mesothelin and GD2 (Quintarelli et al., 2018; Ramos
et al., 2018; Z. Zhao et al., 2015). Preclinical studies of 3™ gen CAR T cells targeting PSMA and
mesothelin showed a superior anti-tumour effect and increased persistence in comparison to 2"
generation CAR T cells. Equally, the combination of 4-1BB and ICOS in a third generation CAR T
cell format has also been used targeting mesothelin, results from this study also showed an
increase in persistence and anti-tumour potency (Guedan et al., 2018; Zhong et al., 2010) .
However, the conclusion that third generation CARs are better than second is a matter of debate.
For example, a study conducted by Abate-Daga et al investigated the comparison of 2"
generation CD28 CAR T cells and 3™ generation CD28/4-1BB CAR T cells targeting prostate stem
cell antigen (PSCA). It was reported that although third generation CARs exhibited an improved
persistence in a pancreatic xenograft model, the second generation CARs outperformed in the
context of anti-tumour potency (Abate-Daga et al., 2014).

In recent years, the introduction of the 4™ generation of CAR T cells or T cells redirected for
universal cytokine-mediated killing (TRUCKs) have emerged. TRUCKs are unique in the way they
have the potential to modulate the immune regulatory milieu within the tumour tissue. This is
done by armouring the CAR T cell with a transgenic cytokine that is released upon CAR specific
antigen engagement. The release of such cytokines allows to activate other neighbouring T cells
and innate immune cells within the environment, this strategy also aids to overcome the
insufficient production of pro-inflammatory cytokines by T cells present within the tumour.
Introducing this new strategy of a cell product with the ability to deliver a desired payload opened
the way for the possible treatment of solid tumours, as positively impacting the tumour milieu
could allow for a better therapeutic CAR T cell effect (Chmielewski & Abken, 2015).

To improve the effectiveness of CAR T cell therapy towards solid tumours, the strategy of using
chimeric switch receptors (CSRs) in recent years has been introduced. CSRs are aimed to reverse
suppressive inhibitory signals into a positive stimulatory signal. This is done by fusing the binding
ligand of a suppressive inhibitory molecule to a T cell stimulatory domain and co-expressing this
receptor with a CAR. In doing this, the CSR out competes the endogenous inhibitory receptor and
thus provides the T cells with a positive stimulatory signal. One example of this is targeting IL-4
that is present at elevated levels within solid tumours. To target this, the extracellular domain of
the IL-4 receptor was fused to the intracellular domain of the IL-7 or IL-21 receptor, creating the
IL-4/IL-7 & IL-4/IL-21 ICR (Y. Wang et al., 2019). Research showed that CAR T cells equipped with
the IL-4/IL-7 or IL-4/I1L-21 ICR showed enhanced cytolytic function and proliferative capabilities
upon exposure to both IL-4 and respective antigen. It was also reported that T cell polarization
difference was also shown, with 4/7 CAR ICR maintaining a Th1 phenotype whereas 4/21 CAR ICR
displayed a Th17 phenotype. This concept has also been applied to protect CAR T cells from
immune checkpoint inhibitors. CAR T cells co-expressing a PD-1/CD28 switch receptor increased
resistance to inhibitory signals from PD-L1, allowing for a better antitumour response (Liu et al.,
2016). One other example is CTLA-4/CD28 switch receptor. It was reported that T cells over
expressing CTLA-4/CD28 switch receptor significantly enhanced T cell reactivity. However, this
effect was observed predominantly in CD4 T cells (Lin et al., 2021).
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The introduction of a switch receptors provides the T cells with protection from inhibitory
molecules present in the TME. Furthermore, the additional benefit of this is having the capability
to convert the suppressive signal into a positive stimulatory signal to allow for a more efficient
antitumour response.

Extracellular Domain
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Figure 2. Evolution of CAR generations and switch receptors.

Schematic to show the evolution of CARs, highlighting the addition of signalling domains and cytokines for
advanced effects. lllustration to show the design and function of a switch receptor.

1.5 The limitations of CAR T cells targeting solid tumours

The potential of CAR T cell therapy is widely recognised as remarkable, due to its FDA approval
and success in the treatment of haematological malignancies such as leukaemia and
lymphoma. The current clinically approved CAR T cell therapies are Kymriah for the treatment
of ALL and DLBCL, Yescarta® for DLBCL and follicular lymphoma, BREYANYI for DLBCL and
follicular lymphoma, ABECMA for multiple myeloma and TECARTUS for mantel cell
lymphoma. Although clinical success has been reported, such CAR T cell therapies have also
been subject to clinically manageable adverse side effects such as cytokine release syndrome
and neurotoxicity (Z. Zhao et al., 2018; Zheng et al., 2018). However, the next challenge for
CAR T cell therapy is to be effective against solid tumours. The difference compared to
haematological cancer is the CARs must migrate and locate the tumour in which they face a
number of challenges, a brief overview of these challenges is listed below. (Alnefaie et al.,
2022).
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Tumour Antigen Escape, this is a problem for single antigen targeting CARs. CAR T cells face
the problem of tumour resistance after the first phase of a high response. The decrease in a
successful response is caused by a complete or partial antigen expression loss. Tumour cells
have the potential to avoid eradication by mutations in their antigen coding genes, this results
in the down regulation of antigen expression. One way to overcome this obstacle is to use a
bi-specific or split CAR, containing two scFv’s targeting two different TAA’s (Majzner &
Mackall, 2018).

In the context of toxicities, one limitation is on-target off-tumour effects. This occurs when
the antigen the CAR is targeting is also expressed in healthy tissues, resulting in a response
from the CAR against normal tissues therefore leading to toxic effects. To combat this, CAR-T
cell administration directly to the disease site is one suggestion. Another is to design CARs
with high affinity targeting properties. With the hope that such CARs only recognise tumour
cells with an increased density of target antigen. Whereas normal tissues expressing the
antigen on a low level will not be affected (Sterner & Sterner, 2021; Sun et al., 2018).

Trafficking and infiltration of CAR T cells into the tumour is also considered to be a hurdle for
CAR T therapy. This is caused by the immunosuppressive environment of the tumour along
with physical barriers such as the stroma restrain mobility and overall diffusion of CAR T cells
(Alnefaie et al., 2022) . One approach to overcome the trafficking issue is to use local
administration as the delivery method for the therapy, whereas, to target the physical barrier
of the stroma cells, CAR T cells engineered with heparinase expression has been shown to
degrade heparin sulphate proteoglycan which is the primary component within the
extracellular matrix of the stroma barrier. Research conducted by Caruna et al., found that
this method led to better tumour infiltration and eradication (Caruana et al., 2015). Similarly,
Wang et al engineered CAR T cells to target the fibroblast activation protein (FAP) in animal
models, in conclusion they reported an increased cytotoxic function along with a significant
reduction in fibroblasts present (S. Wang et al., 2014).

The immunosuppressive TME is considered one of the most challenging limitations regarding
CAR T cell therapy against solid tumours. Present within the TME are multiple tumour-
infiltrating cells contributing towards a suppressive environment such as, regulatory T cells
(Tregs), myeloid derived suppressor cells (MDSCs), tumour associated macrophages (TAMs),
or tumour associated neutrophils (TANs) (Alnefaie et al., 2022). Once these cells migrate to
the tumour, they produce tumour promoting growth factors, cytokines, and chemokines, and
immune suppressive factors, therefore, immunity against the tumour is reduced. One
example is the presence of immune checkpoint inhibitors such as CTLA-4 and PD-1. Research
into CAR T cells targeting the TME have shown poor T cell expansion and persistence
indicating an exhausted phenotype. One approach to combat PD-1 in the TME was the
combination of CAR T cell therapy with a checkpoint blocking for the PD-1/PDL1 interaction.
Combining both strategies allowed for penetration of CAR T cells followed by enhanced
resistance and T cell function (Grosser et al., 2019; June et al., 2018). Recently, efforts have
been drawn to develop CAR T cells to overcome mediated suppression caused
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by Transforming Growth Factor-B (TGF-B). Secreted by many cells present within the TME
such as, tumour cells, CAF, Tregs, M2 TAMS, N2 TANs and MDSCs, the presence of this
inhibitory cytokine is responsible for suppressing an effective CAR T cell response and is
therefore considered a key target in overcoming CAR T therapy against solid cancer.

1.6 Transforming Growth Factor- (TGF-B)

Transforming Growth Factor-f is a multifunctioning cytokine with vital roles in both the
development of the embryo and homeostasis of the adult tissues. Involved in processes such
as, differentiation, apoptosis, migration, wound healing and regulation of cell proliferation,
TGF-B has paradoxical effects in which can either be for or against the progression of tumours
(Ahmadi et al., 2019). The anti-tumour effects of TGF-B are through its proapoptotic and
cytostatic properties reducing cell growth, however, on the contrary to this, a loss in this
effect can lead to increased amplification properties and cancer (Siegel & Massagué, 2003).
In the context of solid tumours, TGF-B is overproduced creating an immunosuppressive
environment utilized for tumour growth, survival and to escape immune surveillance.

There are three known isoforms of TGF-B: TGF-B1, TGF-B2 & TGF-B3, with their respective
receptors (TGF-BRI, TGF-BRII & TGF-BRIII). These isoforms are also evolutionary conserved
proteins and share around 80% of identical amino acid sequences (Ahmadi et al., 2019). TGF-
B is found in the blood of cancer patients in vast amounts, it is known that a dysregulation
within the signalling pathway is responsible for the progression of cancer. More specifically,
the TGF-B superfamily is highly dependent on the epigenetics and microRNAs for their
regulation and in the context of cancer, one type of cancer epigenetic contribution could
exceed microRNA and vice versa. Genetic changes within the TGF-B signalling such as, DNA
methylation, deletion, mutation and amplification all contribute to cancer progression and it
is estimated that alterations within the genome of TGF-f signalling accounts for about 40% of
cancers, making it a suitable candidate to target to improve immunotherapy (Han et al., 2018;
Korkut et al., 2018).

Solutions for the treatment against TGF-B include, monoclonal antibodies, small molecule
inhibitors and antisense oligonucleotides. However, it is vital to know that a complete block
against TGF-B can lead to fatal outcomes. This was shown in mice, more than 50% of TGF-BKO
mouse had inflammatory diseases and embryonic lethality, whereas a compete loss of TGF-
B2 and TGF-B3 in mice resulted in 100% embryonic lethality (Kaartinen et al., 1995; Kulkarni
et al., 1993; Sanford et al., 1997). However, inhibiting the production of the protein on a
molecular level was successful. This was done with an antisense oligonucleotide against TGF-
B2, this treatment showed promising results in clinical I/1l trails treating grade IV astrocytoma
(Fakhrai et al., 2006; Schlingensiepen et al., 2005). Furthermore, the use of a soluble TGF-
receptor Il was successful in the treatment of human breast cancer. The soluble receptor
could bind to TGF-B1 and inhibit signalling associated with in CAFs activation.
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TGF-B promotes tumour growth be altering the metabolic reprogramming of CAFs, inhibiting
this self-sustaining autocrine signalling reduces the rise to tumour promoting CAF
myofibroblasts during tumour progression. (Huang et al., 2021).

In addition, the use of a Dominant Negative Receptor DNR (dnTGF-BRII) has also been used
for treatment against TGF-B. This is composed of over expressing the TGF-BRII without
downstream signalling moieties, however in a decoy format in which no negative signal is
given to the cell, this receptor acts as a sink to trap TGF-f in the environment. This approach
showed better anti-tumour effects due to a greater abundance of CD8* cytotoxic T cells in
transgenic mice. In a recent clinical trial using the dominant negative receptor, eight patients
suffering from Epstein-Barr virus (EBV) positive lymphoma all received treatment with DNR
expressing T cells with specificity for EBV-derived tumour antigens such as Latent membrane
protein (LMP)-1 and LMP-2. Remarkably, 4 of 8 patients achieved clinical response, with one
being a complete response. It was also recorded that during the 4 years of treatment no
patient suffered from toxicity or uncontrollable T cell amplification (Bollard et al., 2002, 2018).

The abundance of TGF-B in cancerous environments, coupled with its paradoxical properties
to promote tumour progression and escape immunosurveillance make it a suitable candidate
to target for the improvement of immunotherapy against cancer.

1.7 CART cells against TGF-B

To improve CAR T cell therapy against solid tumours, recent strategies having involved
engineering CARs to target TGF-f that is present within the suppressive tumour
microenvironment. One of the most successful approaches is combining the dominant
negative TGF-B receptor with a CAR, in a co-expression format. Targeting prostate-specific
membrane antigen (PMSA), CAR T cells equipped with the dnTGF-BRII display a significantly
better amplification capacity along with the ability to eliminate advanced PSMA expressing
tumours in aggressive human prostate cancer mouse models (Kloss et al., 2018). In addition
to this, the PSMA-dnTGF-BRII targeting CAR was also used in a clinical trial. Findings from the
trial show that on average the TGF-B present in the patient’s serum levels decreased to
approximately 30% in treated patients (Narayan et al.,, 2022). It was also reported that
although there was some tumour infiltration within the first two week of treatment, it was
not as consistently high as expected in all patients. Furthermore, the trial demonstrated the
safety and feasibility of delivering a CAR T cell product capable of showing resistance to TGF-

B.

Another approach to protect CAR T cells from TGF-B mediated suppression was to develop
the TGFRII KO CAR T cells. This strategy involved using the CRISPR/Cas9 system to knock out
the TGFRII gene in T cells, aiming at inhibiting the chance for TGF-B to bind and provide a
negative suppressive signal to the T cell. It was shown that TGFRII KO CARs were able to
effectively eliminate antigen positive tumour cells and were able to overcome the anti-
proliferative effect caused by TGF-B in vitro. Interestingly, it was also shown that TGFRII KO

23



INTRODUCTION

CAR T cells were able to overcome the suppressive effect caused by Tregs in vitro, once again
highlighting the importance of targeting TGF-B in the context of active immune repression
(Alishah et al., 2021).

Altering the TGF-P signalling pathway either by a decoy or a knockout has not been the only
way to overcome the suppressive effect on CAR T cells, the introduction of cytokines and
cytokine signalling is also another strategy to combat TGF-B. It has been shown CAR T cells
with the CD28 co-stimulatory domain are resistant to TGF-B. This is due to CD28’s high IL-2
induction properties through Lymphocyte-Specific Protein Tyrosine Kinsase (Lck) signalling.
Abolishment of the Lck-binding motif of the CD28 signalling endodomain, completely
reducing the IL-2 production resulted in mediated suppression for CD28 CAR T cells (Golumba-
Nagy et al., 2018). However, re-adding IL-2 in a constitutive format reversed this effect, clearly
demonstrating that IL-2 and not another function triggered by LCK is promoting TGF-B
resistance. From here it was discovered that cytokines such as IL-2, IL-7 & IL-15, all sharing
the common chain, were able to convert resistant to an IL-2 deficient CAR. However, in the
context of targeting a TME constitutively expressing cytokines could impact neighbouring cells
resulting in tumour progression, for example IL-2 and IL-15 sustain Treg activation. Therefore,
this study engineered a CAR T cell with an IL-7 autocrine loop, signalling via the intracellular
domain of IL-2RB. From that we draw the concept that providing CAR T cells with additional
intracellular signalling provides a real advantage for targeted therapy with minimal impact
within the TME, providing focused signalling and driving the T cells towards a certain
phenotype could be a potential strategy for improving CAR T cells against solid cancer.
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1.8 Aims

CAR T cell therapy has shown promising effects for the treatment of haematological
malignancies, however, development of this therapy for solid tumours produced
disappointingly poor results so far. One main limitation is the suppressive tumour
microenvironment, even if migration to the tumour lesion is successful, CAR T cells turn
dysfunctional due to inhibitory and suppressive signals present within the TME. TGF-$ is
highly abundant within the TME and considered to be a dominant suppressive cytokine. Its
immune suppressive and tumour promoting properties allow for tumour cells to evade an
immune response thus promoting tumour progression and to suppress a productive anti-
tumour T cell response.

Research conducted previously by our group showed CAR T cells with the CD28 co-stimulatory
domain are resistant to TGF-B mediated suppression. The driving factor for this is high IL-2
production due to Lck signalling triggered through the CD28 domain (Golumba-Nagy et al.,
2018). However, high IL-2 induction stimulated regulatory T cells which contribute towards
the suppressive effect in the TME. This was shown in an in vivo model, mice bearing tumour
cells were treated with CD28-and CD28ALCK-{ CAR T cells, the latter deficient in CAR induced
IL-2 release, along with a dose of Tregs (Kofler et al., 2011). The Treg population significantly
increased in the mice treated with CD28-7 CAR T cells, whereas in the mice treated with the
CD28ALCK-T CAR with abolished IL-2 properties, the number of Tregs present did not increase.
The reduce the chance of stimulating Tregs in the TME, work previously done in our group
incorporated an IL-7 autocrine loop compromised of IL-7 signalling, followed by IL-7R
ectodomain and IL-2Rp intracellular domain, providing the CAR T cell with an intracellular IL-
2 signal to combat TGF-f resistance (Golumba-Nagy et al., 2018).

To further improve this concept from a translational and structural point of view, we designed
a Switch Receptor capable of converting TGF-f resistance to 4-1BB-{ CAR T cells. The design
is comprised of a co-expressed receptor built up with the binding domain of TGF-$ receptor-
Il (TGF-BRII) extracellularly and fused to the IL-2RB signalling chain intracellularly. The T cell
will receive full activation via 4-1BB co-stimulation and CD3{ primary signal upon antigen
engagement via the CAR; however, in the presence of TGF-B, the co-expressed SWR is aimed
at outcompeting the endogenous TGF-B receptor and convert the negative suppressive signal,
into an intracellular stimulatory signal through the IL-2RBsignalling chain.

The 4-1BB-{ CAR is sensitive to TGF-B mediated suppression, highly effective against
leukaemia/lymphoma and is also FDA approved and widely used in clinical application for the
treatment of haematological malignancies. However, 4-1BB-{ CAR T cells did not produce
efficacy against solid tumours so far. Additionally, it has very low IL-2 secretary properties and
therefore we believe it is the best model for proving the concept of a TGF-B-IL2R switch
receptor for a more effective CAR T cell response against the suppressive TME.
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Throughout this project we addressed the following questions:

e Can a Switch Receptor bind TGF-B and transmit an IL-2R signal to the engineered T
cell?

e Can the Switch Receptor convert TGF-B resistance to 4-1BB-{ CAR T cells?

e How does the SWR compare to the current most successful mechanism used for TGF-

B resistance, i.e., the Dominant Negative Receptor?
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2 MATERIALS

2.1 Chemicals and Reagents

Chemicals & Reagents

Company

ABTS

Sigma-Aldrich Chemie GmbH, Taufkirchen,
Germany

ABTS Buffer

Sigma-Aldrich Chemie GmbH, Taufkirchen,
Germany

AccuCheck Counting Beads

ThermoFisher Scientific, Waltham, MA, USA

Ampicillin Merck/CalBiochem, Darmstadt, Germany
Bacto Agar Carl Roth GmbH, Karlsruhe, Germany
BSA Sigma-Aldrich Chemie GmbH, Taufkirchen,

Germany

Cell Proliferation Dye (eFluor™ 450)

Invitrogen/ThermoFisher Scientific, Waltham,
MA, USA

DMSO

Carl Roth GmbH, Karlsruhe, Germany

eBioscience™ Fixable Viability Dye™ 780

eBioscience/ThermoFisher Scientific, Waltham,
MA, USA

eBiosceince™ Protein Transport Inhibitor
Cocktail (500x)

eBioscience/ThermoFisher Scientific, Waltham,
MA, USA

Ethanol Carl Roth GmbH, Karlsruhe, Germany

Glycerin Merck/CalBiochem, Darmstadt, Germany

HEPES GIBCO/ThermoFisher Scientific, Waltham, MA,
USA

Isopropanol Carl Roth GmbH, Karlsruhe, Germany

Pancoll PAN-Biotech GmbH, Aidenback, Germany

PBS 10x GIBCO/ThermoFisher Scientific, Waltham, MA,

USA

PElpro® Transfection Reagent

Polyplus transfection, lllkirch, France

PenStrep

PAN-Biotech GmbH, Aidenback, Germany

Streptavidine-Peroxidase conjugate

Roche Diagnostics, Rotkreuz, Switzerland

Trypan Blue

Sigma-Aldrich Chemie GmbH, Taufkirchen,
Germany

Trypsin/EDTA

PAN-Biotech GmbH, Aidenback, Germany

Tween®20

Merck, Darmstadt, Germany

Table 2. Table containing chemicals, reagents and their origin used in this study
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2.2 Kits

Kits

Company

Fixation/Permeabilization Kit

BD Bioscience, San Jose, CA, USA

NucleBond® Xtra Midi Kit

Macherey Nagel GmbH, Diren, Germany

Transcription Factor Phospho Buffer Set

BD Bioscience, San Jose, CA, USA

Table 3. Table containing the kits and their company origin used in this study

2.3 Medium used for culture of cells

Medium

Company

D-MEM, High Glucose, GlutaMAX™ supplement

GIBCO/ThermoFisher Scientific, Waltham, MA,
USA

Heat-Inactivated (HI) FCS (56°C, 30 minutes)

PAN-Biotech GmbH, Aidenback, Germany

RPMI1640 GlutaMAX™ supplement

GIBCO/ThermoFisher Scientific, Waltham, MA,
USA

Table 4. Table containing the mediums and their company origin used in this study

2.4 Buffers

Buffers Composition
Blocking buffer (ELISA) 1% BSA (w/v), 1x PBS
Coating buffer (ELISA) 0.1M NazHPQOg4, pH 9
LB agar 11 LB medium, 15 g Bacto Agar
LB medium 10 g/l tryptone, 5 g/l yeast extract, 10 g/| NaCl
PBS 10x 1.37 M NaCl, 27 mM KCI, 100 mM Na,HPO4, 20

mM KH,PO4, ddH-0; pH 7.4

PBS/Tween (PBS-T)

1x PBS, 0.1% (v/v) Tween®-20

Table 5. Table containing buffers and their composition used in this study
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2.5 Antibodies

2.5.1 Unconjugated antibodies

Antibody Species/Isotype Company/Source
Anti-human CD3, Clone OKT3 Mouse IgG2a Hybridoma cell line; CRL-8001,
ATCC
Anti-human CD28, Clone 15E8 Mouse IgG1 Hybridoma cell line (Van Lier et.,

1988)

Anti-human BW431/26scFv,

Clone BW2064/36 Mouse IgG1

Hybridoma cell line, (Bosslet et
al., 1985)

Table 6. Table containing the antibodies and their source used in this study

2.5.1 Conjugated antibodies

Antibody Species/Isotype Conjugate

Company

Anti-human CD107a

Miltenyi Biotec, Bergisch

M lgG1l VioBlI

(LAMP-1), Clone H4A3 ouse b K 1oslue Gladbach, Germany
Anti-human CD3, Clone Mouse lgG2ak APC BioLegend®, CA, USA
OKT3
Anti-human CD3, Clone Mouse IgG1k . ®
UCHT1 Bv421 BioLegend®, CA, USA
Anti-human CD4, Clone Mouse IgG1k APC Miltenyi Biotec, Bergisch
M-T466 Gladbach, Germany
Anti-human CD45R0, BD Bioscience, San Jose,
Clone UCHLL Mouse BALB/c IgG2a, BV605 CA, USA
Anti-human CD62L

J H ®
Clone DREG-56 Mouse 1gG1k Bv421 BioLegend®, CA, USA
Anti-human CD8, Clone Mouse IgG2ak EITC Miltenyi Biotec, Bergisch
BW135/80 Gladbach, Germany
Anti-human hlgG F(ab’) , Southern Biotechnology,
Clone Goat F(ab'), I1gG PE AL, USA
Anti-human Perforin

’ H ®

Clone B-D48 Mouse IgG1k APC BioLegend®, CA, USA
Mouse Anti-STATS5, BD Bioscience, San Jose,
Clone 47/stat5(pY694) Mouse lgG1k Bv421 CA, USA
Anti-human TGF-B Rat IgG2b, K APC BioLegend®, CA, USA
Receptor Il
Anti-human IL-2, Clone . BD Pharmingen™,
B33.2 Mouse lgG1 Biotin Hamburg, Germany
Anti-human IFN-y, L BD Pharmingen™,
Clone 42.B3 Mouse lgG1 Biotin Hamburg, Germany

Table 7. Table of conjugated antibodies and their relevant information used in this study
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2.6 Cytokines

Cytokines

Company

Imukin® (IFN-y standard)

Boehringer Ingelheim, Ingelheim, Germany

Proleukin® (IL-2 standard)

Novartis Pharma GmbH, Basel, Switzerland

Recombinant Human TGF-B1

Miltenyi Biotec, Bergisch Gladbach, Germany

Table 8. Table of cytokines and their source used in this study

2.7 Plasmid Vectors

ID

Plasmid

Characteristics/Reference

#392

pCOLT-GALV

retroviral vector containing the
expression cassette of the
gibbon ape leukemia virus
envelope (GALV env) protein
(Weijtens et al., 1998)

#393

pHIT 60

retroviral vector containing the
expression cassette of the
Moloney murine leukemia virus
(M-MulV) proteins gag and pol
(Weijtens et al., 1998)

#607

pBullet-Lk-BW431/26scFv-
Fc-CD28-CD3C

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-CD28-CD3{ (Hombach et al.,
2001)

#848

pBullet-Lk-BW431/26scFv-
Fc-OX40-CD3

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-OX40-CD3C

#908

pBullet-Lk-BW431/26scFv-
Fc-4-1BB-CD3C

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-4-1BB-CD3Z (Hombach et al.,
2011)

#946

pBullet-Lk-BW431/26scFv-
Fc-CD28ALCK-CD3C

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-CD28ALCK-CD3T (Kofler et al.,
2011)
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ID

Plasmid

Characteristics/Reference

#2299

pcDNA.3HIV1.GP.4xCTE

Lentiviral vector containing the
expression cassette of the HIV-1
GAG/POL Protein. Precursor
structural protein of the lentiviral
particle containing Matrix,
Capsid, and Nucleocapsid
components. Precursor protein
containing Reverse Transcriptase
and Integrase components.

#2300

P.MD2.G (VSVg)

Lentiviral vector containing the
expression cassette of the VSV-G
Protein. (Vesicular stomatitis
virus G glycoprotein)

#2301

P.RSV.REV

Lentiviral vector containing the
expression cassette of the REV
Protein. Binds to the Rev
Response Element (RRE) within
unspliced and partially spliced
transcripts to facilitate nuclear
export.

#2356

pBullet-Lk-BW431/26scFv-
Fc-4-1BB-CD3Z-TGF-BRII-
IL2RB

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-4-1BB-CD3Z-TGF-BRII-IL-2RB

#2357

pBullet-Lk-BW431/26scFv-
Fc-CD28ALCK-CD3¢-TGF-
BRII-IL2RB

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-CD28ALCK-CD3Z-TGF-BRII-IL-
2RB

#2362

pBullet-Lk-BW431/26scFv-
Fc-OX40-CD3Z-TGF-BRII-
IL2RB

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-OX40-CD3Z-TGF-BRII-IL-2RB

#2410

pBullet-Lk-BW431/26scFv-
Fc-4-1BB-CD3Z-TGF-PBRII

contains the mammalian
expression cassette of the CEA-
specific scFv CAR BW431/26scFv-
Fc-4-1BB-CD3Z-TGF-PBRII

#2561

pLV[Exp]-mCherry-EF1A-
hTGF-B1

Contains the mammalian gene
expression vector mCherry-EF1A-
hTGFB1 (VectorBuilder)

Table 9. Table of plasmids and relevant information used in this study
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2.8 Bacterial Strains

Bacteria Strains Description
F-, end A1, hsd R17 (rk-, mk-) sup E44, thi-1,
lambda-, recAl, gyrA96, ® 80 d lacZ 6 M15

E.Coli DH5a

Table 10. Table of bacterial strains used in this study

2.9 Cell Lines

Cell Line Characteristics Reference
human embryonic kidney
293 cell line (ATCC CRL-
HEK 293T 3216™) stably expressing
the SV40 large T antigen;
neomycin resistant
Human Gastric Carcinoma
isolated from the stomach
of a patient in 1976. Cell
line provided by Dr. Arpad
Szoor, University of
Debrecen Hungary.
N87 cell line transduced
N87-TGF-B1-mCherry with human TGF-B1
expression vector (#2561)

(DuBridge et al., 1987)

NCI-N87 (CRL-5822) ATCC CRL-5822

Table 11. Table of cell lines used in this study

2.10 Primary Cells

Human peripheral blood mononuclear cells (PBMCs) were isolated from fresh blood from the
platelet and leukocyte fraction of a blood donation from healthy donors. Samples were
provided and approved by the Universitatsklinikum Regensburg (Ethics Vote no 21-2224-101).
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2.11 Software

Software Company
BioRender BioRender
FACS BD Bioscience
Flowlo FlowJo LLC
GraphPad Prism GraphPad Software, Inc
Microsoft Excel Microsoft
Miscrosoft Powerpoint Microsoft
Microsoft Word Microsoft
SnapGene Viewer SnapGene

Table 12. Table of software used in this study
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3 METHODS

3.1 Bacteria

All bacterial cells were handled in a security level S2 gene technology laboratory.

3.1.1 Bacteria Culture

Bacterial cells Escherichia coli (E. coli) DH5a were cultured overnight at 37°C and shaking at
200 rpmin liquid LB medium or on a LB plate. 100 pg/ml Ampicillin (Amp) was added to select
the growth of genetically modified bacteria carrying the Amp-resistant gene. For long term
storage, 700 pl bacteria culture was mixed with 300 ul of 87% (v/v) glycerol and stored at -
80°C.

3.1.2 Heat-shock transformation of bacteria

DH5a competent cells (stored at -80°C) were defrosted on ice and 1-100 ng plasmid DNA was
added. Plasmid DNA and bacteria mix were heat-pulsed at 42°C for 90 seconds then
immediately cooled on ice for 2 minutes. For antibiotic resistance, the bacteria were
incubated in 900 ul LB medium (without antibiotic) at 37°C, shaking at 200 rpm for 60 minutes.
The suspension was then centrifuged for 5 minutes at 5000 x g, resuspended in 100 pl and
spread on a LB-agar plate with ampicillin using a plating spatula and stored at 37°C overnight.

3.2 Working with DNA

3.2.1 Plasmid isolation

For plasmid DNA preparation, the “NucleBond® Xtra Midi Kit” (Macherey Nagel GmbH) (for
DNA amounts up to 400 pg) were used according to the manufacturer’s instructions. Prior to
DNA preparation, 100 ml of bacteria suspension was prepared. Finally, the eluted plasmid
DNA was diluted in sterile H,Oq44 and stored at -20°C.
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3.2.2 Quantification of DNA

Before storage of DNA at -20°C, the concentration of the DNA was measured
spectrophotometrically using the NanoDrop™ 1000 spectrophotometer (ThermoFisher
Scientific). To do so, 1 ul DNA sample is applied onto the NanoDrop™ pedestal, the DNA
concentration is measured at a wavelength of 260 nm, whereas the protein concentration is
measured at 280 nm. Purity from protein contaminations of the preparation is defined by the
ratio O.D. 260 nm / abs 280 nm. A 1.8 ratio indicates high purity of DNA, below this value
indicates contaminations with proteins and aromatic substances. Higher rations suggest RNA
contamination.

3.3 Working with cells

3.3.1 Cell culture conditions

All cell culture work was carried out in a Biosafety Level S2 laboratory using a laminar flow
hood (Class Il) (HERASAFE 2030i, ThermoFisher Scientific). The culture conditions for the cells
were humidified atmosphere (95-100%) with 5% or 10% (v/v) CO2 and 37°C. The culture media
used were DMEM and RPMI1640 with GlutaMAX™ and supplemented with 10% (v/v) FCS, 1
M HEPES, 10 mg/ml streptomycin and 10,000 U/ml penicillin. Prior to use, media and
supplements were pre-warmed up to 37°C.

3.3.2 Passaging of adherent cells

The medium was removed from the flask containing the adherent cell line, 5 ml of pre-
warmed 1x PBS was added to wash cells. Trypsin/EDTA (3-5 ml) was added to cover the entire
surface of the flask and the cells were incubated at 37°C for 5-10 minutes. 5-10 ml fresh
culture medium was added to stop the effect of Trypsin/EDTA, cells were transferred to a
15/50 ml falcon and centrifuged at 500 x g for 5 minutes. The supernatant was discarded, cells
were resuspended in fresh culture medium and transferred back into a flask in a ratio of 1:10
or 1:20 depending on growth characteristics of the cell line.

3.3.3 Passaging of suspension cells

Suspension cells were transferred to a 15/50 ml falcon and centrifuged at 300 x g for 5
minutes. The supernatant was discarded, cells were resuspended in fresh culture medium and
transferred into a culture flask in a ratio of 1:5 or 1:10 depending on growth
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characteristics. In the case of peripheral blood lymphocytes, IL-2 was added in a concentration
of 100-250 U/ml and cells were resuspending at 1 x 108/ml.

3.3.4 Freezing and thawing of cells

For long term storage of cells, cells (1-150 x 10°) were centrifuged at 300 x g for 5 minutes.
The supernatant was discarded, cells were resuspending in 500 pl freezing medium A (60%
FCS + 40% RPMI 1640) and 500 pl freezing medium B (80% FCS + 20% DMSO) and pipetted
into a cryovial. Cryovials were placed in a “Mr Frosty™ Freezing Container” (ThermoFisher
Scientific) and transferred to a -80°C freezer. To thaw cells, cryovials were taken from the -
80°C freezer and re-suspended in 1 ml pre-warmed culture medium and immediately
transferred into a 15 ml falcon containing 9 ml pre-warmed culture medium. Cells were
washed and centrifuged at 300 x g for 5 minutes to remove DMSO. Finally, the cells were
resuspended in fresh culture medium and stored in hully humidified 5% or 10% (v/v) CO2
incubator at 37°C.

3.3.5 Determination of cell counts

The cell count and viability were recorded using the Vi-CELL BLU cell viability analyzer device
(Beckman Coulter). For the measurement, 200 pl of sample was added to a Vi-CELL Blu sample
vial and inserted into the chamber of the device. Alternatively, cells were counted manually.
Cells were diluted (1:10) with trypan blue (to exclude dead cells), 10 pl of mixture was loaded
onto a “Neubauer” counting chamber (Celeromics). The total number of cells was counted in
each of the 4 squares. The calculation to determine cell number is: Total cells / 0.4 x (dilution)
x 1000 = total number of cells /ml.

3.3.6 Isolation of human peripheral blood mononuclear cells (PBMCs)

Human PBMCs were isolated from fresh blood of healthy donors provided by the
“Transfusionmedizin” department from the Universitatsklinikum Regensburg. The isolation
was done via density gradient centrifugation. The separation procedure is based on a
polysaccharide solution with a density of 1.077 g/ml. Mononuclear cells have a lower density
than erythrocytes and granulocytes, therefore they don’t sediment during the centrifugation
process. Firstly, 1x PBS is added to the blood sample to bring the volume up to 50 ml. Next,
25 ml of the diluted blood is carefully layered on top of 15 ml Human Pancoll Solution (PAN
Biotech, Aidenbach, Germany) in a 50 ml falcon tube. The mixture is centrifuged at 2000 rpm
with a brake speed of 3 at 20°C for 20 minutes. After centrifugation, using a Pasteur pipette
the lymphocytes are collected, transferred to a 50 ml falcon, washed with 30ml 1x PBS three
times (1400 rpm, 20°C, 10 minutes). The cells were then resuspended in RPMI11640 medium
supplemented with 10% FCS (v/v), 1 M
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HEPES, 10 mg/ml streptomycin and 10,000 U/ml penicillin in a cell density of 1 x 10° cell/ml.
Cells were also supplemented with 1000 IU/ml human IL-2, 200 ng/ml OKT3 (anti-CD3 mAb)
and 50 ng/ml 15E8 (anti-CD28 mADb).

3.3.7 Transfection of HEK 293T cells

Transfection of HEK 293T cells was done using the transfection reagent PElpro® (Polyplus
transfection) according to the manufacturer’s instructions. On the day before transfection,
HEK 293T cells were seeded into a 10 cm petri dish cultured in DMEM supplemented with
10% FCS (v/v), 1 M HEPES, 10 mg/ml streptomycin and 10,000 U/ml penicillin. On the day of
transfection, the desired confluency of cells should be around 70-80%. Construct DNA was
mixed with helper plasmid DNA in DMEM medium without supplements. The DNA/Helper
solution was mixed with the transfection reagent solution, vortexed and incubated for 15
minutes at room temperature. During this time, the supernatant of the HEK 293T cells was
exchanged with RPMI1640+ GlutaMax™ supplemented with 1 M HEPES, 10 mg/ml
streptomycin and 10,000 U/ml penicillin. After incubation, the DNA/Transfection reagent
mixture was added dropwise to the HEK 293T cells, the cells were then incubated in 5% (v/v)
CO; incubator at 37°C overnight. The following transfection process was followed.

Culture Number Total Amount Volume Volume Volume Volume of
vessel of HEK volume of DNA of of of mixture
293T cell of added Medium PElpro® Medium added to HEK
Medium for DNA reagent for 293T cells
PElpro®
20 ug 540 pl (Retro)
0em 5106 1om (ReO) Leg 20 ul 250l 545 il (Lenti)
petri dish 25 ug W M W H
(Lenti)
Table 13. Overview of transfection scheme
DNA Name Volume
Helper plasmid pHIT60 5ug(5ul)
Helper plasmid pCOLT-GALV 5ug(5ul)
Encoding vector 10 pg (10 ul)

Table 14. Plasmids used for retroviral transfection
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DNA Name Volume
Helper plasmid pcDNA.3HIV1.GP.4xCTE 5ug(5ul)
Helper plasmid P.MD2.G (VSVg) 5ug(5ul)
Helper plasmid P.RSV.REV 5ug(5ul)
Encoding vector 10 pg (10 )

Table 15. Plasmids used for Lentiviral transfection

3.3.8 Retroviral transduction of human T cells

Virus supernatant was produced by retroviral transfection, prior to harvesting the virus
supernatant, 1 ml of FCS was added to the transfected HEK 293T cells. After collection, 10 ml
fresh medium (RPMI1640+ GlutaMax™, 10% FCS (v/v), with 1 M HEPES, 10 mg/ml
streptomycin and 10,000 U/ml penicillin) was added to the transfected HEK 293T cells for a
second harvest the day after. 5 x 10° PBLs were resuspended in 10 ml virus supernatant and
transferred to a T25 cell culture flask which had been coated with poly-D-lysine (PDL, 10 ug/ml
in 2 ml sterile distilled H20) 24 hours prior. 200 U/ml IL-2 was added and the flask containing
the cells and virus supernatant were centrifuged at 1600 x g for 1 hour at 32°C. After
centrifugation, the cells were incubated for 24 hours at 37°Cin a 5% (v/v) CO2 incubator. The
next day, this process was repeated again with the freshly produced virus supernatant.

3.3.9 Lentiviral transduction of N87 tumour cells

Virus supernatant was produced by lentiviral transduction, after harvesting the virus
supernatant 10 ml fresh medium (RPMI1640+ GlutaMax™, 10% FCS (v/v), with 1 M HEPES, 10
mg/ml streptomycin and 10,000 U/ml penicillin) was added to the transfected HEK 293T cells
for a second harvest the day after. N87 (2 x 108) tumour cells were resuspended in 10ml virus
supernatant and transferred to a T25 cell culture flask which had been coated with poly-D-
lysine (PDL, 10 pg/ml in 2 ml sterile distilled H.0) 24 hours prior. The cells and virus
supernatant were centrifuged at 1600 x g for 1 hour at 32°C. After centrifugation, the cells
were incubated for 24 hours at 37°C in a 5% (v/v) CO; incubator. The next day, this process
was repeated again with the freshly produced virus supernatant.
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3.3.10 Fluorescence-activated cell sorting (FACS)

To identify the presence of surface receptors such as a chimeric antigen receptor, cell surface
molecules and other intracellular components, the cells were stained with a fluorochrome-
conjugated antibody for Flow Cytometry analysis.

3.3.11 Detection of cell surface markers

Transduced T cells (1-3 x 10°) were used for FACS staining. Cells were transferred to a 5 ml
round bottom polystyrene tube (Falcon®) and washed twice with 2 ml 1x PBS (centrifuge at
500 x g for 4 minutes). Supernatant was discarded and the cell pellet was resuspended in 100
pl 1x PBS. The specific fluorochrome-conjugated antibody was used according to the
manufacturer’s instructions. In general, cells were incubated with the fluorochrome
conjugated antibody for 20 minutes at 4°C in the dark. After incubation, cells were washed
twice with 2 ml 1x PBS and resuspended in 350 ul 1x PBS containing 2% FCS. CAR detection
was done with the PE-conjugated goat F(ab’)2 anti-human IgG antibody, T cell labelling was
done using the BV421-conjugated or APC-conjugated anti-human CD3 antibody and the TGF-
BRIl was identified using the APC-conjugated anti-human TGF-BRII antibody. Data was
recorded using the BD FACSLyric™ Flow Cytometry System and the data was analysed using
the FlowJo v10.8.1 software (FlowJo LLC).

3.3.11.1 Detection of CD107a

To detect CD107a, 5 x 10* (cells/well) anti-CEA CAR modified T cells were stimulated with
cognate immobilized BW2064/36 antibody, CAR T cells incubated with the “Protein Transport
Inhibitor Cocktail”, VioBlue-conjugated CD107a (LAMP-1) mAb in the presence and absence
of TGF-B1 (100 ng/ml) for 24 hours. After incubation and to detect CAR T cells, cells were
harvested, washed twice with 1x PBS, and stained with PE-conjugated goat F(ab’)2 anti-
human IgG antibody and APC-conjugated anti-human CD3 antibody and incubated in the dark
at 4°C for 20 minutes. After incubation, cells were washed twice, centrifuged at 500 x g for 4
minutes, resuspended in 350 pl 1x PBS containing 2% FCS and transferred to a 5 ml round
bottom polystyrene tube for FACS analysis.
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3.3.11.2 Detection of memory phenotype markers

To identify memory phenotype markers, 1-3 x 10°> CAR-modified T cells were transferred to a
5 ml round bottom polystyrene tube and washed twice with 1x PBS (centrifuge at 500 x g for
4 minutes). After washing, cells were stained with APC-conjugated anti-human CD4, FITC-
conjugated anti-human CD8, PE-conjugated goat F(ab’)2 anti-human IgG, BV421-conjugated
anti-human CD62L, BV605-conjugated anti-human CD45%° and incubated in the dark at 4°C
for 20 minutes. After incubation, cells were washed twice, centrifuged at 500 x g for 4
minutes, resuspended in 350 pl 1x PBS containing 2% FCS.

3.3.12 Intracellular Staining

3.3.12.1 Detection of Phosphorylated STAT5

For the detection of pSTATS5, 1 x 10° (cells/well) anti-CEA CAR-modified T cells were stimulated
with cognate immobilized BW2064/36 antibody for 3 days in the presence and absence of
TGF-B1 (10 ng/ml). For the detection of phosphorylated epitopes, cells were fixed and
permeabilized according to the “Transcription Factor Phospho Buffer Set” manufacturers
protocol. The procedure was done on a 96-well plate. Cells were stained with BV421-
conjugated Mouse Anti-STAT5 (pY694), PE-conjugated goat F(ab’)2 anti-human IgG antibody
and APC-conjugated anti-human CD3 antibody for 40 minutes at 4°C in the dark. After
incubation, cells were washed twice, centrifuged at 500 x g for 4 minutes, resuspended in 350
ul 1x PBS containing 2% FCS and transferred to a 5 ml round bottom polystyrene tube for
FACS analysis.

3.3.12.2 Detection of Perforin

To detect perforin, 5 x 10* (cells/well) anti-CEA CAR modified T cells were stimulated with
cognate immobilized BW2064/36 antibody and incubated with the “Protein Transport
Inhibitor Cocktail”, in the presence and absence of TGF-B1 (100 ng/ml) for 24 hours. Cells
were harvested, fixed and permeabilized using the BD “Cytofix/Cytoperm” Kit according to
manufacturer’s instructions. Detection of CAR T cells was done using the PE-conjugated
F(ab’)2 anti-lgG1 antibody and BV421 conjugated anti-CD3 mAb. Perforin was detected using
APC-conjugated anti-human Perforin antibody. Cells were stained and incubated in the dark
for 20 minutes at 4°C. After incubation, cells were washed twice, centrifuged at 500 x g for 4
minutes, resuspended in 350 pl 1x PBS containing 2% FCS and transferred to a 5 ml round
bottom polystyrene tube for FACS analysis.
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3.4 Assays

3.4.1 Cytokine Secretion

For cytokine secretion, anti-CEA CAR modified T cells (2.5 x 10* cells/well) were incubated on
a 96-well plate coated with cognate immobilized BW2064/36 antigen. After 48 hours cell
culture supernatant was taken and analysed for IL-2 by ELISA.

3.4.2 Proliferation Assay

To monitor CAR T cell amplification, T cells were washed twice with 1x PBS and stained with
10 uM “Cell Proliferation Dye eFluor 450” for 10 minutes at 37°C. Staining was stopped by the
addition of cold RPMI containing 10% (v/v) serum and incubated on ice for 5 minutes. The
cells were then washed 3 times with complete cell culture medium before subject to assay.
CAR modified and proliferation dye labelled (1 x 10° cells/well) T cells were transferred to 96-
well plate pre-coated with BW2064/36 immobilized antigen. Cells were in a total volume of
200 ul and incubated in the presence and absence of TGF-f1 for 5 days. After 5 days, cells
were harvested and stained for the CAR with the PE-conjugated F(ab’)2 anti-IgG1 antibody
and BV421 conjugated anti-CD3 mAb. Dilution of the dye was recorded using Flow Cytometry.

3.4.3 Enzyme-linked Immunosorbent Assay (ELISA)

MaxiSorp™ microtitre plates were coated with capture antibodies (50 pl/well in coating
buffer) and left to incubate overnight at 4°C. The following day, the plates were then blocked
to prevent unspecific binding using 1% (w/v) BSA dissolved in 1x PBS (200 pl/well) for 2 hours
at room temperature on a plate shaker at 300 rpm. Plates were then washed three times with
PBS-T (200 pl/well) before adding supernatant (50 pl/well) and standard samples (100
ul/well), plates were placed on the plate shaker at 300 rpm at room temperature for 2 hours.
After incubation, plates were washed four times with PBS-T (200 ul/well) and biotinylated
antibodies were added in 1% (w/v) BSA in PBS-T (50 ul/well), the plates were left to incubate
at room temperature on a plate shaker at 300 rpm for 1 hour. Plates were washed four times
with PBS-T (200 pl/well) and Streptavidin-POD (1:10,000 in 1% (w/v) BSA in PBS-T, 50 ul/well)
was added, plates were incubated for 30 minutes at room temperature on a plate shaker at
300 rpm. Finally, plates were washed five times with PBS-T (200 ul/well), before the addition
of ABTS (10 mg/ml in 1 ml ABTS 10x buffer and 9 ml ddH,0, 50 ul/well). Analysis with a Tecan
Spark 20M Microplate Reader (absorption 405 nm, 1-ref 405 — 490 nm). The concentration of
bound proteins was calculated according to the absorption curve of a standard sequence with
known concentration. The tests were prepared in triplicates. The following was used for
ELISA:
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IL-2 ELISA IFN-y ELISA

1 ug/ml mouse anti-human IL-

Capture Antibody 1 ug/ml mouse anti-human IFN-y

2
Detection Antibody 1 ug/mlth:(rJT;c;nnrlrll_(_)zuse anti- 0.5 pg/ml biotin mo\:Jse anti-human IFN-

Standard 1:900 of stock solution

Proleukin® equals 2000 U/ml
IL-2 in in 1% (w/v) BSA in PBS-T

1:10,000 of stock solution Imukin®
20 ng/ml IFN-y in 1% (w/v) BSA in PBS-T

Table 16. Overview of components used for the detection of IL-2 and IFN-y via ELISA

3.4.4 Repetitive killing (stress test) Assay

For reading repetitive killing (“stress test”), CAR T cells (1 x 10°) were co-incubated with N87
tumour cells (1 x 10°) in 12-well flat bottom plates in the presence and absence of TGF-B1 (10
ng/ml). After 3 days cells were harvested and re-plated to a fresh plate with seeded tumour
cells, this process was repeated for 3 rounds. During each harvest, cell culture supernatant
was taken to analyse IFN-y by ELISA and also a sample was taken for flow cytometry to
determine CAR T cell and tumour cell count using “AccuCheck Counting Beads”. CAR T cells
were identified with PE-conjugated F(ab’)2 anti-IgG1 antibody, that identifies the CAR, and
BV421 conjugated anti-CD3 mAb. Tumour cells were identified by antigen-negative back
gating. Cell viability was determined with eBioscience “Fixable Viability Dye eFluor 780”.
Calculation for cell count; Number of AccuCheck Counting Beads per pl X

Number of cell counted = Absolute Count (cells/ul).

Total number of beads counted
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4  RESULTS

4.1 CD28 co-stimulatory domain provides resistance to TGF-B mediated
suppression due to IL-2 mediated signalling.

4.1.1 The effect of TGF-B on T cell proliferation triggered by various 2" generation
CARs.

In this study we investigated the effect of TGF-B mediated suppression on various 2"
generation CAR T cells. CAR T cell amplification upon antigen stimulation was recorded in the
presence and absence of TGF-B for 2" generation CARs containing the co-stimulatory
domain; CD28, CD28ALCK, 4-1BB or OX40. All constructs also have the CD3( domain for
delivering the primary signal.

Human T cells were engineered with carcinoembryonic antigen (CEA)-specific CARs and
activated upon engagement of immobilized cognate antigen, the BW2064/36 antibody, which
is an anti-idiotypic antibody against the anti-CEA single-chain fragment variable region (scFv)
of the CAR and serves as surrogate antigen for CEA. CAR T cells were labelled with a
proliferation dye and amplification in the presence and absence of TGF-B was recorded after
5 days by flow cytometry measuring the dilution of dye. As shown in Figure 3, T cell
amplification triggered by 4-1BB-{ and OX40-{ CAR was repressed in the presence of TGF-
whereas T cells with CD28-{ CAR were not.
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Figure 3. CD28 overcomes the inhibitory effect of TGF-B on T cell amplification whereas 4-1BB and
0X40 do not.
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Human T cells were engineered with CD28-, CD28ALCK-Z, 4-1BB-{ or OX40-{ CAR and labelled with “Cell
Proliferation Dye” eFluor 450. CAR T cells (1 x 10°) were incubated for 5 days on a 96 well plate coated with the
anti-idiotypic mAb BW2064/36 (1.5 pg/ml) in the presence and absence of TGF-B1 (10 ng/ml). CAR T cell
amplification was recorded via flow cytometry measuring the dilution of the cell proliferation dye. CAR T cells
were identified by staining with the PE-conjugated anti-IgG antibody which binds to the extracellular IgG; spacer
domain of the CAR. Data represent the mean of triplicates + SEM. The assay was repeated with three donor T
cells. Statistical analyses were performed using a two-tailed t test (*p <0.05; **p<0.005, ns., not significant).

4.1.2 CD28-{ CAR T cells secrete significantly higher amount of IL-2 in comparison
to other CAR T cells.

To further investigate the mechanism of why CD28-{ CAR T cells show resistance to TGF-8
mediated suppression, we analysed the IL-2 release upon CAR stimulation. CAR T cells were
activated through immobilized antigen, supernatant was collected after 2 days, the
concentration of IL-2 released by CAR T cells was measured by ELISA.

CAR T cells stimulated by CD28-7 CAR released substantial amounts of IL-2 whereas
stimulation through 4-1BB-{ and OX40-{ CAR secrete significantly less. We assume that IL-2 is
involved in mediating TGF-B resistance. Since IL-2 induction is mediated through LCK
activation, we deleted the LCK binding site in the CD28 endodomain by substituting proline
P187 and P190 by alanine, generating the CD28ALCK-{ CAR. The abolished mutation of the
LCK binding site resulting in significant reduction of IL-2 production upon CAR stimulation (Fig.
4). CD28ALCK-L CART cells are now susceptible to TGF-B mediated suppression whereas non-
modified are not (Fig. 3).
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Figure 4. CD28-{ CAR T cells secrete higher amounts of IL-2 upon stimulation.

CART cells with different co-stimulatory domains were incubated on 96 well plates (2.5 x 10* CAR T cell per well)
coated with anti-idiotypic mAb BW2064/36 (1.5 ug/ml) for 2 days. Mock transduced T cells were taken as a
control. Secreted IL-2 concentration was recorded in the culture supernatants via ELISA. The assay was repeated
with three donor T cells, data represents the mean of triplicates + SEM. Statistical analysis was carried out using
one-way ANOVA test. (****p <0.0001).
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4.2 Converting TGF-B binding into a stimulatory IL-2 receptor signal

4.2.1 The generation of Switch Receptor CAR T cells

In the context of solid tumours, high amounts of IL-2 can stimulate Regulatory T cells (Tregs)
in the tumour tissue. Tregs as well as TGF-B contribute to the suppression of the therapeutic
efficacy of CAR T cells. Therefore, we introduced intracellular IL-2 signalling into the 4-1BB-(
CAR T cell to provide TGF-B resistance and avoid Treg stimulation by the release of IL-2. To do
this, we designed a composite “switch receptor” (SWR) that compromises the extracellular
domain of TGF-BRII from 1 to 159 amino acid residue, which is responsible for binding all three
isoforms of TGF-B (TGF-B1, TGF-B-2 & TGF-B3). Anchored on the cell membrane with PDGFRB
TM and intracellularly the IL-2RB chain (Fig. 5A). This receptor is aimed at converting the
repressive signal that is physiologically provided upon TGF-f binding, into a positive
stimulatory signal mediated by the IL-2RB chain mimicking the presence of IL-2 upon TGF-3
binding (Fig. 5B).

CAR SWR
A I 1 | 1

B hgo @ 04 4-188 €03z p2A g TOF-pRI g PO o IL-2RB

Converts negative TG-B signal

B into a stimulatory IL-2R signal
TGF-BRII
Switch
[~ Receptor
4-1BB IL-2RB
CD37
v
IL-2 signal
v
T cell
effector
functions

Figure 5. Schematic lllustration and function of switch receptor CAR T cells

(A) lllustration of gene structure for 4-1BB--SWR CAR T cells. (B) Graphical diagram to show human CD3* T cells
equipped with 4-1BB--SWR CAR T cells with intended function.
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4.2.2 4-1BB-{-SWR CAR is expressed on human CD3* T cells

Human T cells were retrovirally transduced with the 4-1BB-{ CAR along with the SWR via
spinfection. T cells were also transduced with the 4-1BB-{ CAR without SWR for comparative
analysis. Expression was detected via flow cytometry. Fig. 6A shows expression of the CAR on
human CD3* T cells via staining CAR hinge domain. For detection of the co-expressed switch
receptor, an antibody against TGF-BRIl was used to identify the SWR; the CAR was recorded
by staining the hinge domain. Double positive cells indicate co-expression of CAR and SWR.
Fig. 6B shows a higher expression of TGF-BRII on 4-1BB-{-SWR CAR T cells, verifying that both
the CAR and Switch Receptor is present on the T cell.
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Figure 6. Expression of CARs on human CD3* T cells

(A) 4-1BB-{ and 4-1BB-{-SWR CAR was expressed on human CD3* T cell surface. Human T cells were retrovirally
transduced with respective CAR by spinfection. CAR expression was detected by flow cytometry using the PE-
conjugated anti higG antibody and for the T cells the BV421-conjugated anti CD3 antibody was used. The
percentage indicates the total number of CAR* T cells. (B) SWR expression after gating on 4-1BB-{ CAR T cells.
SWR was detected by staining for TGF-BRII using APC-conjugated anti-human TGF-BRII antibody.
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4.2.3 CARTcells maintain their memory phenotype after engineering with the SWR

After the CAR T cell manufacturing process, the effector/memory phenotype of the cells was
monitored. This was to investigate whether or not the addition of the intracellular IL-2R
domain affected a predetermined T cell state. To do so, T cells were pre-divided into CD4/CD8
populations via flow cytometry, percentage of CARs expressed on CD4* and CD8* T cells is
shown in Figure 7A. Figure 7B shows the percentage of T cell subsets represented in a pie
chart for each CAR. To identify memory T cell subsets, the combination of CD62L and CD45%°
were used. The percentage of T naive / stem cell memory cells within the CD8 population
appears to be slightly higher in CAR T cells equipped with the switch receptor
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Figure 7. Central memory T cell subset after CAR T cell manufacturing

(A) Percentage of CAR* CD4/CD8 T cells. (B) Distribution of central memory phenotype populations after CAR T
cell manufacturing. The upper line represents phenotypes within the CD4* population of CAR T cells, the lower
line represents the phenotypes within the CD8* population of CAR T cells. W/O stands for 4-1BB-{ CAR T cells
without additional receptor, DNR stands for 4-1BB-{ CAR T cells equipped with dominant negative receptor, and
SWR are 4-1BB-{ CAR T cells with the switch receptor. (Tem =T effector memory, Temra = terminally differentiated
effector memory cells, Tcm = T central memory and Ty / Tsem = T Naive, T stem cell central memory) The
experiment was repeated three times, data represents the mean + SEM.
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4.2.4  4-1BB-{-SWR CAR T cells overcome TGF-B mediated repression in T cell
amplification

We addressed if the switch receptor can rescue CAR T cell amplification upon antigen
engagement of cognate target in the presence of TGF-B. T cells were engineered with the 4-
1BB-{ CAR with or without the switch receptor, labelled with a cell trace proliferation dye and
activated by cognate antigen in the presence or absence of TGF-B for 5 days. Switch receptor
CAR T cells showed resistance against TGF-B mediated suppression at concentrations up to
100 ng/ml, as shown in Fig. 8A. Whereas as expected, 4-1BB-{ CAR T cells amplification is
suppressed in the presence of TGF-B. Figure 8B shows the dilution of dye for after gating on
CAR* T cells, successful labelling of the cells is verified by observing no dilution in the
unstimulated control.
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Figure 8. Switch receptor rescues CAR T cell amplification in the presence of TGF-

(A) Human T cells were engineered to express 4-1BB-{ CAR with and without switch receptor (W/O) and labelled
with Cell Proliferation Dye eFluor 450 (Invitrogen). CAR T cells (1 x 10°) were incubated on a 96-well plate coated
with anti-idiotypic mAb BW2064/36 (1.5 pg/ml) in the presence and absence of TGF-B1 (10 or 100 ng/ml) for 5
days. Proliferation was recorded by flow cytometry, PE-conjugated anti-IgG antibody was used to detect CARs
and dilution of the dye measured CAR T cell proliferation. (B) Representative histogram from 3 donors of CAR*
dye dilution under different stimulatory conditions. Data represent the mean of triplicates + SEM. The assay was
repeated three times. Statistical analyses were performed using a two-way ANOVA test (**p<0.005; ns., not
significant).
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4.2.5 Switch Receptor CAR T cells display better cytolytic and pro-inflammatory
properties in the presence of TGF-3

We investigated the suppression on cytolytic capacities in regard to perforin and CD1073,
which serves as a marker for T cell granulation. To do so, T cells engineered with 4-1BB-{ CAR
with and without switch receptor were activated through immobilized antigen BW2064/26
antibody for 24 hours in the presence and absence of TGF-B. After 24 hours, CAR T cells were
harvested and stained for respected cytolytic markers and analysed by flow cytometry.

High concentrations of TGF-B decreased the perforin levels for 4-1BB-{ CAR T cells. Whereas
CAR T cells equipped with the switch receptor maintained their perforin levels as shown in
Figure 9A and 9B. T cell degranulation after activation by cognate antigen in the presence and
absence of TGF-B was recorded by staining for CD107a, 4-1BB-{ CAR T cells exhibited no
suppression in degranulation as a result of TGF-B (Fig. 9C,D) However, CAR T cells with the
switch receptor showed a higher staining for CD107a, indicating superior cytolytic capacities
compared to CARs without the switch receptor.

IFN-y is a pro-inflammatory cytokine and a result of downstream activation of the signalling
pathways. Therefore, we monitored the secretion of IFN-y in the supernatant after CAR T cells
with and without switch receptor that were incubated with CEA antigen positive N87 tumour
cells in the presence and absence of TGF-B, non-modified T cells were used as a control. After
3 days, cell culture supernatant was collected and IFN-y was detected via ELISA. CAR T cells
equipped with a switch receptor secrete higher amounts of IFN-y upon antigen engagement
via tumour cell interaction in the presence of TGF-B as opposed to CAR T cells without switch
receptor (Fig. 9E).
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Figure 9. Switch Receptor CAR T cells display better cytolytic properties in the presence of TGF-B

4-1BB-{ CAR T cells with and without switch receptor (5 x 10* cells) were incubated in the presence and absence
of TGF-B1 (100 ng/ml) on a 96-well plate coated with anti-idiotypic mAb BW2064/36 (1.5 pug/ml) for 24 hours.
CART cells were detected by staining with the PE-conjugated anti-IgG antibody. (A) Perforin MFI Fold change of
CAR T cells, perforin was detected using APC-conjugated anti-perforin antibody. (B) Representative histogram
from 3 donors showing perforin expressionin CAR T cells. (C) CD107a expression of activated CART cells, CD107a
was detected by a VioBlue-conjugated anti-CD107a (LAMP-1) antibody. (D) Representative histogram from 3
donors showing CD107a expression on CAR T cells. (E) 4-1BB-{ CAR T cells with and without switch receptor (2 x
10* cells) were incubated in a 1:1 ratio (E:T) with CEA* N87 tumour cells in the presence and absence of TGF-B1.
Supernatant was collected after 3 days and IFNy was detected by ELISA. Data represents the mean of triplicates
+ SEM. Statistical analyses were performed using an unpaired t test *p<0.05; ns., not significant).
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4.2.6 Switch Receptor CAR T cells induce phosphorylated STAT5 through IL-2R
chain

To further understand the mechanism of the SWR we explored the downstream signalling of
IL-2RB chain. Literature states that IL-2 signalling induces the JAK-STAT pathway, more
specifically IL-2RB phosphorylates STAT5 (Mahmud et al., 2013). 4-1BB-{ CAR T cells with and
without SWR were stimulated through immobilized anti-CEA antigen (BW2064/36) in the
presence and absence of TGF-B for 3 days. SWR CAR T cells display a greater shift in
phosphorylated STAT5 when activated through immobilized antigen, this shift is greater is
greater when TGF-B is added. In conclusion, the IL-2RB chain in the switch receptor
upregulated pSTATS5 upon antigen engagement and is elevated when TGF-B is present (Fig.
10).
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Figure 10. SWR CAR T cells show increased levels of pSTAT5

4-1BB-T CAR T cells with and without switch receptor (1 x 10°) were incubated on a 96-well plate coated with
anti-idiotypic mAb BW2064/36 (1.5 pug/ml) in the presence and absence of TGF-B1 (10 ng/ml). After 3 days cells
were harvested and stained with BV421-conjugated anti-human pSTATS antibody. CAR T cells were detected by
staining with the PE-conjugated anti-IgG antibody. The histogram demonstrates pSTATS after gating on CAR* T
cells. This assay was repeated with three donors, the data shows a representative assay.
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4.3 Utilizing the Switch Receptor to convert resistance to other CARs sensitive
to TGF-

4.3.1 Switch Receptor rescues T cell amplification for IL-2 deficient CD28 CAR in the
presence of TGF-

CD28ALCK-T CAR T cells also suffer from TGF-B mediated suppression due to the mutation
within the CD28 domain which reduces the production of IL-2, as shown in Figure 3 & 4.
Therefore, we wanted to test the universal capacities of the switch receptor to investigate
whether co-expressing the switch receptor with CD28ALCK-{ CAR T cells would rescue the
amplification capacity of these CAR T cells.

First, the generation and validation of CD28ALCK-Z-SWR CAR T cells was done by retroviral
transduction and expression of CAR T cells was verified by flow cytometry. Figure 11B shows
expression of CD28ALCK-{ and CD28ALCK-{-SWR CARs on human CD3* T cells. CAR detection
was done via antibody staining against the hinge region of the CAR, for the detection of the
co-expression switch receptor, the TGF-BRII antibody was used. Fig 11C shows an expected
higher expression of TGF-BRII for the CD28ALCK-(-SWR CAR T cells.

T cells engineered with CD28ALCK-{ CAR with and without switch receptor were labelled with
a proliferation dye and activated by cognate antigen in the presence and absence of TGF-
for 5 days. After 5 days the proliferation of CAR T cells was analysed by flow cytometry,
recording the dilution of dye. While the proliferation of CD28ALCK-{ CAR T cells was reduced
in the presence of TGF-B, we concluded the addition of the switch receptor to CD28ALCK-{
CAR T cells rescues the proliferative capacity even after the reduction of IL-2 production due
to selective mutation (Fig.11 D,E). Furthermore, CD28ALCK-{ CAR equipped with a switch
receptor hold an advantaged therapeutic effect towards solid tumours due to TGF-B
resistance and less potential to stimulate nearby Tregs because of low IL-2 production.
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Figure 11. Switch Receptor rescues proliferation of IL-2 deficient CD28ALCK CAR

(A) Illustration of gene structure for CD28ALCK-Z-SWR CAR T cells. Expression of CD28ALCK-{ and CD28ALCK-Z-
SWR CARs on human CD3* T cells. (B) Human T cells were retrovirally transduced with respective CAR by
spinfection. CAR expression was detected by flow cytometry using the PE-conjugated anti-hlgG antibody and for
the T cells the BV421-conjugated anti CD3 antibody was used. The percentage indicates the total number of
CAR* T cells. (C) Expression of switch receptor on CAR* T cells. SWR was detected using APC-conjugated anti-
human TGF-BRII antibody. T cells engineered with CD28ALCK-{ CAR with and without switch receptor (1 x 10°)
were labelled with Cell Proliferation Dye eFluor 450 (Invitrogen) and incubated on a 96-well plate coated with
anti-idiotypic mAb BW2064/36 (1.5 ug/ml) in the presence and absence of TGF-B1 (10 & 100 ng/ml) for 5 days.
(D) Percentage of CAR T cell proliferation. (E) Representative histogram from 3 donors of CAR* dye dilution under
different stimulatory conditions. Data represent the mean of triplicates + SEM. The assay was repeated with
three T cell donors. Statistical analyses were performed using a two-way ANOVA test (*p<0.05; ns., not
significant).
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4.3.2 0X40-{ CAR T cells benefit from the switch receptor under high concentrations
of TGF-

TGF-B mediated suppression also effects OX40-{ CAR T cells (Fig. 3), dampening their
amplification. To further explore the universal capacity of the switch receptor, we engineered
the OX40-(-SWR CAR and tested to see if co-expressing the switch receptor could rescue T
cell amplification.

Human T cells were engineered to express OX40-{ or OX40-(-SWR CARs. Expression was
verified using flow cytometry (Fig. 12A). To detect the switch receptor, an antibody against
TGF-BRII was used, expression of the switch receptor was confirmed after gating on CAR* T
cells (Fig 12B). OX40-T or OX40-(-SWR CAR T cells were labelled with a cell proliferation dye
and activated in the presence and absence of TGF-B. By introducing the switch receptor into
OX40-C CARs, T cell amplification is increased in the presence of TGF-B. We observed no
significant suppression under high concentration of TGF-B (Fig. 12C). Therefore,
demonstrating the rescue effect of applying the switch receptor to CAR T cells suffering from
TGF-B mediated suppression.
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Figure 12. OX40-7 CAR T cells benefit from switch receptor signalling under high concentrations of
TGF-B

(A) lllustration of gene structure for OX40--SWR CAR T cells. Expression of OX40- and OX40--SWR CARs on
human CD3* T cells. (B) Human T cells were engineered with respective CAR by spinfection. CAR expression was
detected by flow cytometry using the PE-conjugated anti-IgG antibody and for the T cells the BV421-conjugated
anti CD3 antibody was used. The percentage indicates the total number of CAR* T cells. (C) Expression of switch
receptor on CAR* T cells. SWR was detected using APC-conjugated anti TGF-BRII antibody. T cells engineered
with OX40-{ CAR with and without switch receptor (1 x 10°) were labelled with Cell Proliferation Dye eFluor 450
(Invitrogen) and incubated on a 96-well plate coated with anti-idiotypic mAb BW2064/36 (1.5 pg/ml) in the
presence and absence of TGF-B1 (10 & 100 ng/ml) for 5 days. (D) Percentage of CAR T cell proliferation. (E)
Representative histogram from 3 donors of CAR* dye dilution under different stimulatory conditions. Data
represent the mean of triplicates + SEM. The assay was repeated three times. Statistical analyses were
performed using a two-way ANOVA test (*p<0.05; ns., not significant).
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4.4 Switch Receptor shows superiority compared to state-of-the-art
Dominant Negative Receptor

4.4.1 Switch Receptor out competes Dominant Negative Receptor by maintaining
amplification properties under high concentration of TGF-p

The dominant negative receptor (DNR) is very successful in converting resistance to TGF-p.
Therefore, as a state-of-the-art technique we wanted to further test the SWR and compare
whether the additional signal provided by the SWR has a better effect than a decoy provided
by the DNR.

Human T cells were engineered to express either 4-1BB--SWR or 4-1BB-(-DNR CAR. CAR
expression on T cell surface was verified using flow cytometry. Both the co-expressed Switch
Receptor and Dominant Negative Receptor was done by staining for TGF-BRII and checking
for expression on CD3* CAR* T cells (Fig. 13B).

4-1BB-(-SWR and 4-1BB-{-DNR CART cells were labelled with a cell trace proliferation dye and
activated via cognate plate bound coated antigen in the presence and absence of TGF-B1 at
concentrations of 10 & 100 ng/ml. As expected, the DNR showed resistance to mediated
suppression and the proliferative capacity was not affected. The SWR also demonstrated
resistance to TGF-B, however, the proliferative capability was substantially higher, especially
in high concentrations of TGF-f (Fig. 13C).
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Figure 13. SWR CAR T cells maintain better proliferative capabilities under high concentrations of
TGF-B

(A) lllustration of gene structure for 4-1BB--DNR & 4-1BB-{-SWR CAR T cells Expression of 4-1BB-{-SWR or 4-
1BB-Z-DNR CARs on human CD3* T cells after retroviral transduction by spinfection. (B) CAR expression was
detected by flow cytometry using the PE-conjugated anti-hlgG antibody and for the T cells the BV421-conjugated
anti CD3 antibody was used. Expression of SWR & DNR on CAR* T cells. Co-expressed receptors were detected
using APC-conjugated anti TGF-BRIl antibody. 4-1BB--SWR or 4-1BB-Z-DNR CARs (1 x 10°) were labelled with Cell
Proliferation Dye eFluor 450 (Invitrogen) and incubated on a 96-well plate coated with anti-idiotypic mAb
BW2064/36 (1.5 pug/ml) in the presence and absence of TGF-B1 (10 & 100 ng/ml) for 5 days. (C) Percentage of
CAR T cell proliferation. (D) Representative histogram from 3 donors of CAR* T cell dye dilution under different
stimulatory conditions. Data represent the mean of triplicates + SEM. The assay was repeated with three T cell
donors. Statistical analyses were performed using a two-way ANOVA test (*p<0.05, **p<0,005; ns., not
significant).
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4.4.2 Demonstration of STAT5 phosphorylation in SWR CAR T cells in comparison to
DNR CAR T cells

To further highlight the functional difference between a decoy mechanism and providing an
additional signal, we demonstrated the upregulation of pSTAT5 as a consequence of IL-2R3
signalling in switch receptor CAR T cells. T cells were engineered with a 4-1BB-{ CAR co-
expressing either the DNR or SWR. Cells were activated by cognate antigen through the
BW2064/36 antibody in the presence and absence of TGF-B for 3 days. CAR T cells co-
expressing the switch receptor demonstrate a higher shift in pSTAT5 upon antigen
recognition, this shift is further enhanced in the presence of TGF-B. As expected, CAR T cells
co-expressing the DNR exhibit no shift in pSTATS5. (Fig. 14).

w/o BW2064/36 mAb BW2064/36 mAb + TGF-§1
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Figure 14. SWR CAR T cells show increased levels of pSTAT5

4-1BB-{ CAR T cells co-expressing either the DNR or SWR (1 x 10°) were incubated on a 96-well plate coated with
anti-idiotypic mAb BW2064/36 (1.5 pug/ml) in the presence and absence of TGF-B1 (10 ng/ml). After 3 days cells
were harvested and stained with BV421-conjugated anti pSTATS antibody. CAR T cells were detected by staining
with the PE-conjugated anti-IgG antibody. The histogram demonstrates pSTATS after gating on CAR* T cells. This
assay was repeated with three T cell donors, the data shows a representative assay.
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4.4.3 Switch Receptor CAR T cells show better TGF-$ resistance in tumour cell
elimination and proliferation under repetitive stimulatory conditions

To further test the advantages of providing an additional signal when converting resistance
to TGF-B, we addressed whether under “stress conditions” of repetitive stimulation, can CAR
T cells with the SWR maintain their cytotoxic and proliferative capabilities in the presence of
TGF-B. Therefore, CAR T cells were incubated with CEA* N87 cells in the presence or absence
of TGF-B. After 3 days, cells were re-plated onto freshly seeded N87 cells. This process was
repeated for 3 rounds and during each harvest both CAR T cells and tumour cells were
counted (Fig. 15B,C).

When CAR T cells were repetitively challenged with N87 tumour cells in the presence of TGF-
B, the number of SWR CAR T cells increased in rounds 2 and 3 compared to CAR T cells with
and without the DNR (Fig. 15B). Both SWR and DNR CAR T cells effectively eliminated tumour
cells repetitively, however, in rounds 2 and 3 SWR CART cells were more efficacious (Fig. 15C).
No difference in CAR T cell count or tumour cell elimination was observed when no TGF-$3 was
added. Therefore, we concluded the 4-1BB-{ CAR T cells co-expressing the SWR have a better
proliferative and cytotoxic capacity compared to CAR T cells with the DNR in the presence of
TGF-B when re-challenged with tumour cells. The additional signalling by the SWR provides
more of a positive stimulatory effect, proving to be more advantageous than a decoy effect,
enabling for a better CAR T cell response in the presence of TGF-.
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Figure 15. SWR CAR T cells display better resistance to TGF-B during repetitive rounds of stimulation

(A) Experimental overview of tumour re-challenging assay. (B) CAR T cell count after each round of tumour re-
challenging. CAR T cells (1 x 10°) were incubated with CEA* N87 cells (1 x 10°) in the presence or absence of TGF-
B1 (10ng/ml). After 3 days all cells were harvested and added to freshly seeded N87 cells (1 x 10°). The process
was repeated for 3 rounds. During each harvest, cell counts determined via flow cytometry using AccuCheck
Counting Beads (ThermoFisher). Living CAR T cells were identified using PE-conjugated anti-IgG antibody, BV421-
conjugated anti-human CD3 and Fixable Viability Dye eFluor 780 (ThermoFisher). (C) Tumour cells count after
each round of re-challenging. N87 cell counts determined via flow cytometry using AccuCheck Counting Beads,
Fixable Viability Dye eFluor 780 and antigen negative back gating. Data represent the mean of triplicates + SEM.
The assay was repeated 3 times. Statistical analyses were performed using an unpaired t test (*p<0.05;
**p<0.005 ns., not significant).
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4.5 Engineering N87 tumour cells to express TGF-8
4.5.1 Transduction of TGF-B1 expression vector on N87 tumour cells

With the goal to test switch receptor CAR T cells in vivo we engineered the N87 cell line with
a human TGF-B1 expression vector to allow for constitutive release of high amounts of TGF-

B.

N87 Tumour cells were lentiviral transduced with a commercial human TGF-B1-mCherry
expression vector (Fig. 16A). Expression was verified by flow cytometry through the
constitutively fluorescent protein mCherry in the vector (Fig. 16B).
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Figure 16. Transduction of N87 tumour cells with human TGF-B1 expression vector

(A) Schematic illustration of domain structure for the hTGF-B1-mCherry expression vector. (B) Flow cytometry
verification of the expression of hTGF-B1-mCherry on N87 tumour cells. Non-transduced tumour cells
represented in grey (w/o) and Tumour cells transduced with respective vector in red.
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4.5.2 Switch receptor CAR T cells show superior activity against N87-TGF-B* cells

After successful transduction of tumour cells, we wanted to test the cytotoxic capacity of CAR
T cells after co-culture. To do so, 4-1BB-{ CAR T cells with and without the DNR or SWR were
incubated with CEA* N87-TGF-B1* cells for 3 days. Cells were harvested after 3 days and
analysed by flow cytometry.

The number of tumour cells was significantly lower when incubating with CAR T cells co-
expressing the switch receptor, thus indicating that CAR T cells equipped with a SWR are more
efficacious when challenged by antigen positive tumour cells with high TGF-B expression
compared to tumour cells with low or no TGF-B (Fig. 17). No difference in tumour cell count
was seen between 4-1BB-{ CARs with and without the dominant negative receptor. Moving
forward, we would see this cell line as a candidate to further test the switch receptors capacity
to overcome TGF-B mediated suppression in a growing tumour in vivo.
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Figure 17. Switch receptor CAR T cells show better TGF-B resistance with a higher cytotoxic effect
against TGF-B* tumour cells

CART cells (1 x 10°) were incubated with N87-TGF-B* (1 x 10°). After 3 days the cells were harvested and analysed
by flow cytometry. Tumour cell count was determined using AccuCheck Counting Beads, Fixable Viability Dye
eFluor 780 and antigen negative back gating. (w/o = 4-1BB-{ without co-expressed receptor, DNR = 4-1BB-{ co-
expressing Dominant Negative Receptor, SWR = 4-1BB-{ co-expressing Switch Receptor). Data represents the
mean + SEM. Statistical analyses were performed using an unpaired t test (*p<0.05; ns., not significant).
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5 DISCUSSION

The success of CAR T cell therapy against solid tumours is limited compared to the remarkable
efficacy in the treatment of haematological malignancies. The complex tumour environment
compromising an immune response is considered to be one of the biggest hurdles in
preventing success against solid cancer (Sterner & Sterner, 2021). Once CAR T cells are
adoptively transferred, they migrate to the tumour where they are heavily impacted by anti-
immune cell activities upon encountering both the tumour stroma and the tumour site,
resulting in reduced anti-tumour efficacy (Rodriguez-Garcia et al.,, 2020). A major
consequence of this is local immunosuppression, in particular through immunosuppressive
cytokines such as TGF-B. TGF-B is a frequent tumour resident suppressive cytokine, which in
the majority of cases is responsible for the decreased T cell activity within the tumour milieu
(Massagué, 2008). Our previous research demonstrated that CD28 co-stimulation makes CAR
T cells resistant to TGF-B mediated suppression, whereas 4-1BB co-stimulation does not
(Golumba-Nagy et al., 2018). CD28 mediates LCK activation and in consequence T cells
releases high amounts of IL-2; IL-2 mediated autocrine signalling is the key driver to induce
this resistant effect. However, although the CD28-induced autocrine IL-2 loop is effective, the
strategy to use CD28-{ CAR T cells as a therapy for the treatment of solid tumours is limited,
due to the risk of recruiting tumour-infiltrating regulatory T cells through accumulating IL-2 in
the tumour tissue (Kofler et al., 2011). To further explore the suppressive capabilities of TGF-
B against 2"? generation CAR T cells, we monitored T cell amplification in the presence and
absence of TGF-B. Figure 3 highlights that T cell amplification upon activation is not
suppressed when CAR T cells signal through CD28 co-stimulatory domain. However, CAR T
cell’s signalling through 4-1BB and OX40 suffers from TGF-B mediated suppression. This data
correlates with our previous research as in Figure 4, the IL-2 secretion between these CAR T
cells is strikingly different, further supporting the hypothesis that IL-2 signalling is the key
driver in overcoming TGF-B mediated suppression.

To combat this issue, we combined IL-2 receptor signalling, recognised as the key component
for TGF-B resistance, with the binding domain for TGF-B, to create a Switch Receptor (SWR)
that provides the T cell with intracellular IL-2RB signalling when TGF-B is present (Fig. 5A, B).
In this scenario, the T cell becomes activated upon recognition of tumour antigen by the CAR,
but, when TGF-B is present, the SWR binds TGF-B and converts the naturally suppressive
signal into a stimulatory IL-2 receptor signal, solely intracellularly from the IL-2RB chain, not
only protecting CAR T cells from TGF- mediated suppression but providing the T cell with an
additional stimulatory signal. By armouring 4-1BB-{ CAR T cells with a SWR, we ensure the
accumulation of IL-2 is significantly reduced compared to CD28- CAR T cells whilst
maintaining the 4-1BB-{ CAR T cells well known characteristics of prolonged survival,
persistence and being protected from TGF-B mediated suppression.
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After CAR T cell manufacturing, we observed a similar expression level between 4-1BB-{ CAR
T cells with and without the SWR on human CD3* T cells (Fig. 6A). Furthermore, we saw no
significant changes in the memory phenotype of the CAR T cells after manufacturing (Fig. 7B).
T cells equipped with the SWR maintained a central memory phenotype although the
additional IL-2 receptor signal is present, T cells possessing this phenotype have the function
of memory stem cells, with the advantage of having stronger immune replacement abilities
and stronger survival abilities (Li et al., 2021). This was reassuring as the function of SWR CAR
T cells is depending on antigen engagement and TGF-B, therefore carrying no threat for a
predefined antigen independent effector state, which is important for the translation to
clinical application.

Accordingly, we tested the SWR’s ability in overcoming TGF-B mediated suppression. As we
know that T cells amplification is suppressed, the proliferative capacity of CAR T cells with the
switch receptor was analysed in the presence and absence of TGF-B. We found that, 4-1BB-{
CAR T cells equipped with the SWR were able to maintain their amplification abilities even in
rising concentrations of TGF-B (Fig. 8). In respect to cytotoxic T cell functions, it was reported
that TGF-B specifically inhibits cytolytic gene products such a perforin (Thomas & Massagué,
2005). Activated CTLs, which are predominantly responsible for antigen-specific clearance of
tumour cells, typically function through two contact-dependant pathways in order to kill the
target cell. One is the granule exocytosis pathway, in which activated CTLs recognise a tumour
cell and the membrane-pore-forming protein known as perforin initiatives a delivery of
apoptosis inducing proteases into the target cell (Trapani & Smyth, 2002). The Fas-Fas ligand
pathway is the second contact dependant mechanism, this is responsible for activating target
cell death by cytochrome release and activation of caspases (Russell & Ley, 2002). As this
mechanism is vital for CAR T cell therapy in order to eliminate tumour cells, we monitored
whether the switch receptor can rescue the inhibition of cytotoxic functions caused by TGF-
B, such as perforin. To do so, 4-1BB-{ CAR T cells with and without the switch receptor were
activated in the presence and absence of TGF-, perforin was recorded via intracellular flow
cytometry staining (Fig. 9A,B). We identified that CAR T cells co-expressing the switch
receptor did not suffer from perforin repression in the presence of TGF-, unlike CAR T cells
without the switch receptor. It is also demonstrated that 4-1BB-{ CAR T cells equipped with
the switch receptor induce higher perforin levels in the absence of TGF-B, although it is
maintained, compared to 4-1BB-{ without the switch receptor. It is known that IL-2 receptor
signalling is an important regulator of perforin and activated T cells lacking IL-2RB show a
reduced perforin mRNA expression (Malek et al., 2001; Pipkin et al., 2010). Therefore, we
believe the elevated perforin levels are a consequence of signalling through the IL-2RB chain
in the switch receptor, highlighting the advantage of not only providing resistance to TGF-
Bbut an additional stimulatory signal.
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Cytolytic activities of T cells go along with degranulation; CD107a is recognised as a marker
for degranulation of NK activated CD8* T cells. Degranulation is a cellular process that releases
antimicrobial cytotoxic molecules from secretary vesicles, as degranulation occurs secretary
lysosomes are released and the lysosome-associated membrane protein-1 (LAMP-1, CD107a)
is transported to the surface (Alter et al., 2004), allowing for detection. As it is known that IL-
2 signalling leads to an increase of CD107a expression (Aktas et al., 2009), we investigated the
CD107a expression of switch receptor CAR T cells in the presence of TGF-B (Fig. 9 C/D). We
observed that although CAR T cells without the switch receptor maintain CD107a expression
in the presence of TGF-B, CAR T cells with the switch receptor express higher amounts of
CD107a in the presence of TGF-B, displaying a higher degranulation profile. This along with
the finding from the perforin experiments conclude that 4-1BB-{ CAR T cells equipped with
the switch receptor do not suffer from cytolytic inhibition caused by TGF-B but show an
enhanced cytolytic profile compared to 4-1BB-{ CAR T cells that don’t have the switch
receptor.

Previous research has shown that TGF-B also inhibits the cytokine production of immune cells
(Yoshimura et al., 2010). In regard to CAR T cells, the IL-2 and IFN-y production was inhibited
for CARs signalling through either the CD28 or 4-1BB co-stimulatory domain, in the presence
of TGF-B (Golumba-Nagy et al., 2018). IFN-y is predominantly secreted by activated
lymphocytes such as CD4 T helper-1 cells, cytotoxic CD8 T cells and plays a vital role in
adaptive immunity (Castro et al., 2018). Therefore, we tested whether 4-1BB-{ CAR T cells
armoured with the switch receptor were able to prevent the inhibition of IFN-y production in
presence of TGF-B. To do so, CAR T cells with and without the SWR were incubated with
antigen positive tumour cells in the presence and absence of TGF-B and the IFN-y production
was analysed in the supernatant (Fig. 9E). We observed that 4-1BB-{ CAR T cells armoured
with the SWR show no inhibition and are able to secrete higher amounts of IFN-y in the
presence of TGF-B compared to 4-1BB-{ without the switch receptor.

Mechanistically, we explored intracellular IL-2 signalling. IL-2 exhibits is an essential regulator
of numerous signalling pathways, including those underlying cell survival, proliferation,
differentiation and effector functions (Jones et al., 2020). Although IL-2 has been shown to
activate several STAT family members, including STAT1, STAT3 and STATS5, STATS is the
predominant signalling molecule (Hou et al., 1995). Therefore, we believed phosphorylated
STATS5 was the best read out to validate the SWR functionally and mechanistically. In Figure
10, SWR CAR T cells show an upregulation of pSTAT5 upon antigen recognition, and this is
elevated when TGF-B is present. 4-1BB-{ CAR T cells without the SWR show no levels of
PSTATS. Interestingly, converting resistance to TGF-B does not require both IL-2 receptor
andy chains for a high affinity signal, the IL-2RB signalling alone is sufficient enough to provide
the T cell with pSTAT5 downstream signalling providing resistance to TGF-.
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To test the universal capacity of the SWR we armoured knowingly sensitive OX40-{ CARs and
a previously described IL-2 deficient CD28ALCK-{ CAR (Golumba-Nagy et al., 2018) with the
SWR and tested whether these CARs are now resistant to TGF-B mediated suppression. Our
concept to provide an IL-2 signal to convert TGF-B resistance was further validated when
suppressed amplification of the IL-2 deficient CD28ALCK-{ CAR T cells in the presence of TGF-
B were rescued by adding the SWR (Fig. 11 D,E). This also correlates with our previous findings
that re-introducing transgenic IL-2 release to the CD28ALCK-{ CAR restores resistance to TGF-
B (Golumba-Nagy et al., 2018). In regard to OX40-{ CARs equipped with the SWR, we observed
an increase in T cell amplification in the presence of TGF-B compared to CARs without the
SWR, this was shown in higher concentrations of TGF-B (Fig. 12 D/E) highlighting the universal
capabilities of armouring CAR T cells with the SWR to convert resistance to TGF-.

Alternative strategies to overcome the suppressive effect of TGF-f include the expression of
the dominant negative TGF-B receptor (Bollard et al., 2018; Kloss et al., 2018; Narayan et al.,
2022). This approach utilizes the co-expression of the TGF-B binding receptor (TGF-BRII) and
acts as a sink, out competing the endogenous receptor and trapping TGF-B in the
environment. The DNR is effective at protecting T cells from TGF-B mediated suppression
however, limitations such as a sustained trapping effect over a longer period time hinder the
potential of a lasted CAR T cell effect. To explore this, first we monitored T cell amplification
in different concentrations of TGF-B (Fig. 13). The DNR performs as expected in displaying
suppression in the presence of TGF-B. However, CAR T cells with the SWR show higher T cell
amplification properties when T cells are challenged with higher amounts of TGF-f.
Furthermore, we observed both amplification and cytotoxicity in a tumour re-challenging
assay in the presence and absence of TGF-B (Fig. 15). We found that over multiple rounds,
CART cells equipped with a SWR were able to sustain CAR T cell amplification and show better
cytotoxic abilities compared to the DNR over multiple rounds of tumour re-challenging in the
presence of TGF-B. We believe mechanistically, the SWR is advantageous over the DNR
because not only are T cells are protected from suppression caused by a trapping effect but,
T cells are also given an additional stimulatory signal through the SWR’s IL-2RB chain,
highlighted through pSTATS.

The dominant negative receptor is widely recognised as the most effective strategy to
overcome TGF-B mediated suppression and has shown to be effective in clinical trials, with
some patients showing a complete response (Bollard et al., 2018). Here we have
demonstrated that adding of the IL-2R stimulatory signal by the Switch Receptor can further
improve CAR T cell efficacy in the context of TGF-B rich tumours. The additional signal
providing the T cell with a stimulatory effect is reinforced when challenged in high TGF-$
conditions, this is a clear benefit over the dominant negative strategy that exploits exclusively
a decoy effect. Therefore, we believe that the high TGF-f abundance in tumour tissues further
enhances the CAR T cell functionality whilst providing protection; the strategy has the
capacity to improve CAR T cell efficacy towards the treatment of solid tumours.
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Our research has shown that TGF-f causes T cell mediated suppression and IL-2 signalling is
able to overcome this suppressive effect. Interestingly we have demonstrated that IL-2R
signalling alone is sufficient to compensate this suppressive effect. Therefore, we assume
there is a crossover between the TGF-f and IL-2R signalling pathway. The suppressive effect
by TGF-B is caused by the inhibition of several mechanisms for example, the upregulation of
cell cycle regulators such as cyclin-dependent kinase inhibitors (CKls), or the downregulation
of cell cycle promoters such as c-Myc, cyclin D2, CDK2 and cyclin E (Ruegemer et al., 1990)
whereas IL-2 is responsible for the accumulation of the c-Myc protein in activation T cells.
Following T cell activation, the upregulation of amino acids and glucose concentrations is
required in order to sustain all T cell functions necessary to be an effector T cell (Chou et al.,
2014). During this metabolic reprogramming the transcriptional regulator c-Myc plays an
important role. The regulation of c-Myc expression is driven by TCR stimulation and pro-
inflammatory cytokines such as IL-2, IL-7, and IL-15. Interestingly, these cytokines signal
through the JAK-STAT(5) signalling pathway, however, whilst TCR stimulation is associated
with turning on c-Myc synthesis, IL-2 signalling is supporting long-term accumulation of the
c-Myc protein (Preston et al., 2015).

Mechanistically c-Myc acts as a central modulator in the regulation of T cell proliferation, TGF-
B mediated suppression causes the downregulation of this process, whereas IL-2 signalling
causes upregulation. Taking this into consideration we applied the concept of a Switch
Receptor to reduce the down regulation of c-Myc by binding TGF-B and out-competing the
endogenous receptor, but more importantly utilizing TGF-B to provide an IL-2 signal though
the IL-2RB chain to upregulate c-Myc synthesis, shifting the balance to support T cell
proliferation. Using the intracellular components of the IL-2RB chain we were able to mimic
IL-2R signalling as shown with pSTAT5 to mediate enhanced proliferation through its
conventional role as a transcription factor upregulating proliferative and survival genes such
as c-Myc, bcl-2 and bcl-x (Miyazaki et al., 1995). To support this, research conducted by Lord
et al., showed that mutations within the IL-2RB chain such as cytoplasmic tyrosine deletions
led to the retained ability to induce STATS5 activation and proliferation in T cells. On the other-
hand, the over expression of STAT5a and STAT5b induced the expression of c-Myc, bcl-2 and
bcl-x (Lord et al., 2000).

The current approaches to overcome TGF-B mediated suppression mainly focus on the TGF-8
signalling pathway in an attempt to inhibit regulation, although effective it is important to
point out that the role of TGF-B in the immune homeostasis is essential (Sanjabi et al., 2017).
This was shown in TGF-B1 KO mice, which led to embryonic lethality and inflammatory
diseases (Kulkarni et al., 1993). In contrary to this, our strategy doesn’t solely disrupt the
signalling but by utilizing IL-2RB signalling we are converting what is normally a suppressive
signal into a positive stimulatory signal, providing the CAR T cell with not only protection from
TGF-B, but additional functions to allow for better tumour efficacy in TGF-B rich
environments.
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This thesis highlights the use of a new approach for the development of CAR T cell therapy
against solid tumours. Transforming growth factor-B is highly abundant within the TME, it
creates an immunosuppressive environment utilized for tumour growth, survival and allows
for the escape of immune surveillance. The development of our strategy enables CAR T cells
to utilize this overproduced cytokine as a stimulatory benefit to counteract what is normally
a suppressive signal. Therefore, our CAR-engineered T cells are not only protected against
immunosuppression caused by TGF-B but boosted for a more anti-tumour response when
challenged in the suppressive TGF-B rich tumour microenvironment.
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Figure 18. Concept of SWR CAR T cells overcoming TGF-B suppression

A summary to visualize the effect of TGF-B on 4-1BB-{ CAR T cells with and without the Switch Receptor upon
activation.
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6  APPENDIX

The DNA and amino acid sequence of each Chimeric Antigen Receptor and Switch Receptor
used in this study along with the commercially bought human TGF-B1 expression Vector.

Generated by SnapGene Viewer.
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GACATCGCCACCTACTACTGCCATCAGTGGAGTAGTTATCCCACGTTCGGCCAAGGGACCAAGGTGGAGATCAAAGTGGA
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1 1 1 M 1 N 1 3 1 N 1 3 1

T v T T T v T v T v T
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CAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTA

GTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAGTCGGACTGGACGGACCAGTTTCCGAAGAT

TCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACT
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APPENDIX

GTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAAAAGATCCCAAATTTTG
" 1 " 1 " 1 N 1 M 1 M 1 N 1 3

+ { + . } { + . + } + } + } + } 1520
CACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCATTTTTTCTAGGGTTTAAAAC
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CCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTG
1840
GGTCGTCCCGGTCTTGGTCGAGATATTGCTCGAGTTAGATCCTGCTTCTCTCCTCATGCTACAAAACCTGTTCTCTGCAC

Q N Q L Y N E L N L G R R E E V7 D v L D K R R —

Q Q ¢
%5 T T 8& T T T T &o T~ T T T &8s T T T " &0 T~ T T

GCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAG
1 i 4 3 } 1 } 4 } A } + } } - 1920
CGGCCCTGGGACTCTACCCCCCTTTCGGCTCTTCCTTCTTGGGAGTCCTTCCGGACATGTTACTTGACGTCTTTCTATTC

G R D P E M G G K P R R K N P E G L Y N E L Q K D K =
L ————
ATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCT
i 'l 1 1 1 1 i 1 1 L i 1 i L i 1
¢ } + } . } t } + } t } + . + t 2000
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APPENDIX

6.2 BW431/26scFv-Fc-CD37-0X40 (#848)

ATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAGGT

TACCTAAAAGTCCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGTCAGTATTACAGATCTCCACAGGTGAGGGTCCA
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APPENDIX

GACATCGCCACCTACTACTGCCATCAGTGGAGTAGTTATCCCACGTTCGGCCAAGGGACCAAGGTGGAGATCAAAGTGGA
N 1 N 1 N 1 N 1 M 1 N 1 N 1 3

r T ¥ T ¥ T ¥ T N T ¥ T ¥ T ¥
CTGTAGCGGTGGATGATGACGGTAGTCACCTCATCAATAGGGTGCAAGCCGGTTCCCTGGTTCCACCTCTAGTTTCACCT
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AGGGCGGCTCGGGTTTAGAGGACTGTTTTGAGTGTGTACGGGTGGCACGGGTCGTGGACTTGAGGACCCCCCTGGCAGTC

TCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTG
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AGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGA
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GTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAGTCGGACTGGACGGACCAGTTTCCGAAGAT

TCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACT
N 1 1 1 N 1 . 1 N 1 M 1 N 1 " 1

y T t 1 t T + 1 y T + T t T T T
AGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGGTGCGGAGGGCACGACCTGA

CCGACGGCT?CTTCTTCCTETACAGCAAG?TCACCGTGG?CAAGAGCAG?TGGCAGCAG?GGAACGTCTTCTCATGCTC?

T T M T T T v T T T v T T T v 1
GGCTGCCGAGGAAGAAGGAGATGTCGTTCGAGTGGCACCTGTTCTCGTCCACCGTCGTCCCCTTGCAGAAGAGTACGAGG

5 D G S F (7 L Y S K L i vV D K S R W Q Q G N \ (= S C S
T—455 T T T T ag0 ' T T LT — T T L - T Y LT — T T T80

800

880

960

1040

1120

1200

1280

1360

1440

73



APPENDIX

GTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAAAAGATCCTCAGCCAAT
N 1 N 1 N 1 1 1 M 1 N 1 1 1 N

+ } + } } } + } + } + } + } + } 1520
CACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCATTTTTTCTAGGAGTCGGTTA
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APPENDIX

6.3 BWA431/26scFv-Fc-4-1BB-CD3T (#908)

ATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAGGT

TACCTAAAAGTCCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGTCAGTATTACAGATCTCCACAGGTGAGGGTCCA
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APPENDIX

GACATCGCCACCTACTACTGCCATCAGTGGAGTAGTTATCCCACGTTCGGCCAAGGGACCAAGGTGGAGATCAAAGTGGA
" 1 N 1 N 1 N 1 " 1 N 1 N 1 1 1
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CTGTAGCGGTGGATGATGACGGTAGTCACCTCATCAATAGGGTGCAAGCCGGTTCCCTGGTTCCACCTCTAGTTTCACCT
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APPENDIX

GTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAAAAGATCCTCAGCCAAT
N 1 N 1 N 1 1 1 M 1 N 1 1 1 N

¥ T ¥ T ¥ T v T v T ¥ T ¥ T ¥
CACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCATTTTTTCTAGGAGTCGGTTA

GGCCCTGATIGTGCTGGGG?GCGTCGCCG?CCTCCTGCTITTCATTGGG?TAGGCATCTICTTCTGTGT?AGGAAACGG?
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CCGGGACTAACACGACCCCCCGCAGCGGCCGGAGGACGAAAAGTAACCCGATCCGTAGAAGAAGACACAGTCCTTTGCCC
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ACGGCTAAAGGTCTTCTTCTTCTTCCTCCTACGCTTGACGACTCTCACTTCAAGTCGTCCTCGCGTCTGCGGGGGCGCAT

R
80 T T L T

8
g
i

CCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTG
. 1 1 1 1 1 1 1 1

5 1 t ] t 1 t T t 1 t T t T y 1
GGTCGTCCCGGTCTTGGTCGAGATATTGCTCGAGTTAGATCCTGCTTCTCTCCTCATGCTACAAAACCTGTTCTCTGCAC

Q

G
550 T T ™ 535 T T 00 T T 05 T T 610 ' T

GCCGGGACC?TGAGATGGG?GGAAAGCCGTGAAGGAAGA?CCCTCAGGA?GGCCTGTAC?ATGAACTGC?GAAAGATAA?

¥ T v T v T v T v T ’ T ¥ T v T
CGGCCCTGGGACTCTACCCCCCTTTCGGCTCTTCCTTCTTGGGAGTCCTTCCGGACATGTTACTTGACGTCTTTCTATTC

E M G K P R R K N RO ERRG| L Y N E L Q K D

40
F
o
o

G K
15 T T T 620 T T T T g35 T T T 630 T T T T g35 T T T &40

ATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCT
: 1 M 1 : 1 + 1 M 1 + I M 1 + ]

T T v T T T ' T T T ' T v T v T
TACCGCCTCCGGATGTCACTCTAACCCTACTTTCCGCTCGCGGCCTCCCCGTTCCCCGTGCTACCGGAAATGGTCCCAGA

M A E A Y S E I G M K G E R R R K H D G (L Q G L
i e R
CAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGCTAA ait!
+ } + } t } + } + } + - eee 2061
GTCATGTCGGTGGTTCCTGTGGATGCTGCGGGAAGTGTACGTCCGGGACGGGGGAGCGATT 5
s T A T K DI D) A L M A L P P R B ot
T T 670 T T T T 675 T T T T €80 T T T T €85 T T

1520

1600

—

1680

1760

1840

1920

2000

77



APPENDIX

6.4 BWA431/26scFv-Fc-CD28ALCK-CD3Z (#946)

ATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAGGT
r L 3 ' " 1 " 1 i L " 1 " L 3 1
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APPENDIX

GACATCGCCACCTACTACTGCCATCAGTGGAGTAGTTATCCCACGTTCGGCCAAGGGACCAAGGTGGAGATCAAAGTGGA
" 1 N 1 N 1 N 1 " 1 N 1 N 1 1 1

+ } + } } t + } + + + } + } + + 800
CTGTAGCGGTGGATGATGACGGTAGTCACCTCATCAATAGGGTGCAAGCCGGTTCCCTGGTTCCACCTCTAGTTTCACCT
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TCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCCGCACCTCCACGTATTACGGTTCTGTTTCGGCGCCCT
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GTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAAAAGATCCCAAATTTTG
M 1 M 1 " 1 N 1 M Il " 1 N 1 M 1

M 1l M I N T M Ll M T ’ T N T M 1l
CACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCATTTTTTCTAGGGTTTAAAAC

CD28ALCK TM/IC domain
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GGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGAGGA

CCACGACCACCACCAACCACCTCAGGACCGAACGATATCGAACGATCATTGTCACCGGAAATAATAAAAGACCCACTCCT
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APPENDIX

6.5 BWA431/26scFv-Fc-4-1BB-CD3{-P2A-TGF-BRII-PDGFRBTM-IL-2Rp (#2356)

5 CCATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAG
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GGATCCGATCCCGCCGAGCCCAAATCTCCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGG
N 1 N 1 N 1 1 1 1 1 N 1 N 1 N
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CCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGGTGCGGAGGGCA
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APPENDIX

TGTCAGGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGG
L 1 3 1 M 1 N 1 M 1 M 1 " 1 3

+ } + } + } + } + } + t + } + } 1680
ACAGTCCTTTGCCCCGTCTTTCTTTGAGGACATATATAAGTTTGTTGGTAAATACTCTGGTCATGTTTGATGAGTTCTCC

CD4 TM domain
\ R K R G R K K L iL Y 1 F K Q P F M R P vV Q T T Q E —

AAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGCGAACTGCAATTGCTGAGAGTGAAGTTCAGCAGG
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TTCTACCGACATCGACGGCTAAAGGTCTTCTTCTTCTTCCTCCTACGCTTGACGTTAACGACTCTCACTTCAAGTCGTCC

-
o
<
=
=l
()
o

m
o
(9]
o
[
(g}
o
m
o
m
m
m
m
(0]
(0]
(a]
m
=

L)
=

AGCGCAGAC?CCCCCGCGT?CCAGCAGGG?CAGAACCAG?TCTATAACG?GCTCAATCT?GGACGAAGA?AGGAGTACG?

+ } + } + + + } } + + } + 1 + { 1840
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ACAAAACCTGTTCTCTGCACCGGCCCTGGGACTCTACCCCCCTTTCGGCTCTTCCTTCTTGGGAGTCCTTCCGGACATGT
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TACTTGACGTCTTTCTATTCTACCGCCTCCGGATGTCACTCTAACCCTACTTTCCGCTCGCGGCCTCCCCGTTCCCCGTG
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CTACCGGAAATGGTCCCAGAGTCATGTCGGTGGTTCCTGTGGATGCTGCGGGAAGTGTACGTCCGGGACGGGGGAGCGCA

CGACAGCGCIGGATCTGGA?CCACGAACTICTCTCTGTT?AAGCAAGCA?GAGACGTGG?AGAAAACCC?GGTCCTAAG?
i .
GCTGTCGCGACCTAGACCTCGGTGCTTGAAGAGAGACAATTTCGTTCGTCCTCTGCACCTTCTTTTGGGGCCAGGATTCG

TTATGGGCA?GGGCCTGCT?AGGGGCCTGTGGCCCCTGC?CATCGTGCT?TGGACCAGG?TCGCCAGCA?CATCCCCCC?
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AATACCCGTCCCCGGACGACTCCCCGGACACCGGGGACGTGTAGCACGACACCTGGTCCTAGCGGTCGTGGTAGGGGGGG
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CACGTGCAGAAGAGCGTGAACAACGACATGATCGTGACCGACAACAACGGCGCCGTGAAGTTCCCCCAGCTGTGCAAGTT
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GTGCACGTCTTCTCGCACTTGTTGCTGTACTAGCACTGGCTGTTGTTGCCGCGGCACTTCAAGGGGGTCGACACGTTCAA
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CTGCGACGTGAGGTTCAGCACCTGCGACAACCAGAAGAGCTGCATGAGCAACTGCAGCATCACCAGCATCTGCGAGAAGC
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GACGCTGCACTCCAAGTCGTGGACGCTGTTGGTCTTCTCGACGTACTCGTTGACGTCGTAGTGGTCGTAGACGCTCTTCG
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APPENDIX

CCCAGGAGGTGTGCGTGGCCGTGTGGAGGAAGAACGACGAGAACATCACCCTGGAGACCGTGTGCCACGACCCCAAGCTG
N 1 N 1 N 1 N 1 1 1 N 1 N 1 1

+ } + } + } + } + t + } + } + } 2480
GGGTCCTCCACACGCACCGGCACACCTCCTTCTTGCTGCTCTTGTAGTGGGACCTCTGGCACACGGTGCTGGGGTTCGAC

CCCTACCACGACTTCATCCTGGAGGACGCCGCCAGCCCCAAGTGCATCATGAAGGAGAAGAAGAAGCCCGGCGAGACCTT
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GGGATGGTGCTGAAGTAGGACCTCCTGCGGCGGTCGGGGTTCACGTAGTACTTCCTCTTCTTCTTCGGGCCGCTCTGGAA
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CTTCATGTGCAGCTGCAGCAGCGACGAGTGCAACGACAACATCATCTTCAGCGAGGAGTACAACACCAGCAACCCCGACG
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GAAGTACACGTCGACGTCGTCGCTGCTCACGTTGCTGTTGTAGTAGAAGTCGCTCCTCATGTTGTGGTCGTTGGGGCTGC

PDGFRB TM domain
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TGGTGATCAGCGCCATCCTGGCCCTGGTGGTGCTGACCATCATCAGCCTGATCATCCTGATCAACTGCAGGAACACCGGC
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ACCACTAGTCGCGGTAGGACCGGGACCACCACGACTGGTAGTAGTCGGACTAGTAGGACTAGTTGACGTCCTTGTGGCCG
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GGGACCGACTTCTTCCACGACTTCACGTTGTGGGGGCTGGGGTCGTTCAAGAAGTCGGTCGACTCGTCGCTCGTGCCGCC
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CGACGTGCAGAAGTGGCTGAGCAGCCCCTTCCCCAGCAGCAGCTTCAGCCCCGGCGGCCTGGCCCCCGAGATCAGCCCCC
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GCTGCACGTCTTCACCGACTCGTCGGGGAAGGGGTCGTCGTCGAAGTCGGGGCCGCCGGACCGGGGGCTCTAGTCGGGGG

TGGAGGTGCTGGAGAGGGACAAGGTGACCCAGCTGCTGCTGCAGCAGGACAAGGTGCCCGAGCCCGCCAGCCTGAGCAGC
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ACCTCCACGACCTCTCCCTGTTCCACTGGGTCGACGACGACGTCGTCCTGTTCCACGGGCTCGGGCGGTCGGACTCGTCG
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TTGGTGTCGGACTGGTCGACGAAGTGGTTGGTCCCGATGAAGAAGAAGGTGGACGGGCTGCGGGACCTCTAGCTCCGGAC
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CCAGGTGTACTTCACCTACGACCCCTACAGCGAGGAGGACCCCGACGAGGGCGTGGCCGGCGCCCCCACCGGCAGCAGCC
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GGTCCACATGAAGTGGATGCTGGGGATGTCGCTCCTCCTGGGGCTGCTCCCGCACCGGCCGCGGGGGTGGCCGTCGTCGG

CCCAGCCCCTGCAGCCCCTGAGCGGCGAGGACGACGCCTACTGCACCTTCCCCAGCAGGGACGACCTGCTGCTGTTCAGC
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APPENDIX

CCCAGCCTGCTGGGCGGCCCCAGCCCCCCCAGCACCGCCCCCGGCGGCAGCGGCGCCGGCGAGGAGAGGATGCCCCCCAG
N 1 N 1 N 1 N 1 1 1 N 1 1 1 N 1

+ } + . } } + } . t + } + } + } 3280
GGGTCGGACGACCCGCCGGGGTCGGGGGGGTCGTGGCGGGGGCCGCCGTCGCCGCGGCCGCTCCTCTCCTACGGGGGGTC
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CCTGCAGGAGAGGGTGCCCAGGGACTGGGACCCCCAGCCCCTGGGCCCCCCCACCCCCGGCGTGCCCGACCTGGTGGACT
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GGACGTCCTCTCCCACGGGTCCCTGACCCTGGGGGTCGGGGACCCGGGGGGGTGGGGGCCGCACGGGCTGGACCACCTGA

TCCAGCCCCCCCCCGAGCTGGTGCTGAGGGAGGCCGGCGAGGAGGTGCCCGACGCCGGCCCCAGGGAGGGCGTGAGCTTC
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AGGTCGGGGGGGGGCTCGACCACGACTCCCTCCGGCCGCTCCTCCACGGGCTGCGGCCGGGGTCCCTCCCGCACTCGAAG
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CCCTGGAGCAGGCCCCCCGGCCAGGGCGAGTTCAGGGCCCTGAACGCCAGGCTGCCCCTGAACACCGACGCCTACCTGAG
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GGGACCTCGTCCGGGGGGCCGGTCCCGCTCAAGTCCCGGGACTTGCGGTCCGACGGGGACTTGTGGCTGCGGATGGACTC
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CCTGCAGGAGCTGCAGGGCCAGGACCCCACCCACCTGGTGTCGCGATAG 3
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GGACGTCCTCGACGTCCCGGTCCTGGGGTGGGTGGACCACAGCGCTATC 5
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APPENDIX

6.6 BW431/26scFv-Fc- CD28ALCK -CD3Z-P2A-TGF-BRII-PDGFRBTM-IL-2RPB
(#2357)

5 CCATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAG

3 GGTACCTAAAAGTCCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGTCAGTATTACAGATCTCCACAGGTGAGGGTC

GTCCAACTG?AGGAGTCAG?TCCAGGTCTIGTGAGACCT?GCCAGACCCTGAGCCTGAC?TGCACCGTGICTGGCTTCA?
+ 1 + T t T + 1 t T y 1 t T + 1 160
CAGGTTGACGTCCTCAGTCCAGGTCCAGAACACTCTGGATCGGTCTGGGACTCGGACTGGACGTGGCACAGACCGAAGTG

<
Lol
-
o
m
"
[0}
©
(2]
=
<
o
©
"
el
=
=
n
=
—
(g}
=
<
"
]
n
=
!

CATCAGCAGTGGTTATAGCTGGCACTGGGTGAGACAGCCACCTGGACGAGGTCTTGAGTGGATTGGATACATACAGTACA
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GTAGTCGTCACCAATATCGACCGTGACCCACTCTGTCGGTGGACCTGCTCCAGAACTCACCTAACCTATGTATGTCATGT
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CACCATAGTGATTGATGTTGGGGAGAGAGTTTTCATCTCACTGTTACGACCATCTGTGGTCGTTCTTGGTCAAGTCGGAC
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AGACTCAGCeGCGTGACAG?CGCCGACAC?GCGGTCTATIATTGTGCAA?AGAAGACTAIGATTACCACIGGTACTTCG?
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TCTGAGTCGTCGCACTGTCGGCGGCTGTGGCGCCAGATAATAACACGTTCTCTTCTGATACTAATGGTGACCATGAAGCT
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TGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCAGGAGGTGGTGGATCGGGCGGTGGCGGGTCGGGTGGCGGCGGAT
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ACAGACCCCGGTTCCCTGGTGCCAGTGGCAGAGGAGTCCTCCACCACCTAGCCCGCCACCGCCCAGCCCACCGCCGCCTA
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GACTGTAGGTCGACTGGGTCTCGGGTTCGTCGGACTCGCGGTCGCACCCACTGTCTCACTGGTAGTGGACATCATGGTCG
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TCAAGTGTAAGTTACATGCACTGGTACCAGCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTACAGCACATCCAACCT
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AGTTCACATTCAATGTACGTGACCATGGTCGTCTTCGGTCCATTCCGAGGTTTCGACGACTAGATGTCGTGTAGGTTGGA

n
%)
<
%)
<
=
&
&
=3

o

©
=
o
(9]
=
>
o
=
=
-
-
=
%)
=
%)
z
=

1

GGCTTCTGGTGTGCCAAGC?GATTCAGCG?TAGCGGTAGEGGTACCGACTTCACCTTCA?CATCAGCAG?CTCCAGCCA?
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CCGAAGACCACACGGTTCGTCTAAGTCGCCATCGCCATCGCCATGGCTGAAGTGGAAGTGGTAGTCGTCGGAGGTCGGTC
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APPENDIX

GGATCCGATCCCGCCGAGCCCAAATCTCCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGG
N 1 N 1 M 1 1 1 1 1 N 1 N 1 N

r T ’ T ¥ T ¥ T ' T ¥ T ¥ T v
CCTAGGCTAGGGCGGCTCGGGTTTAGAGGACTGTTTTGAGTGTGTACGGGTGGCACGGGTCGTGGACTTGAGGACCCCCC

ACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGG
M I + 1 + I M I M 1 + 1 + } M ]

v T . T . T v T . T . T . T v 1
TGGCAGTCAGAAGGAGAAGGGGGGTTTTGGGTTCCTGTGGGAGTACTAGAGGGCCTGGGGACTCCAGTGTACGCACCACC
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TGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAG
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ACCTGCACTCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCCGCACCTCCACGTATTACGGTTCTGTTTC

CCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAA
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GGCGCCCTCCTCGTCATGTTGTCGTGCATGGCCCACCAGTCGCAGGAGTGGCAGGACGTGGTCCTGACCGACTTACCGTT

GGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCC

CCTCATGTTCACGTTCCAGAGGTTGTTTCGGGAGGGTCGGGGGTAGCTCTTTTGGTAGAGGTTTCGGTTTCCCGTCGGGG

GAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAA

CTCTTGGTGTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAGTCGGACTGGACGGACCAGTTT
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CCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGGTGCGGAGGGCA
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CATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAAAAGCCGGC

GTACGAGGCACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCATTTTTTCGGCCG
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GAGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATT
N 1 N 1 N 1 N 1 M 1 N 1 N 1 1

+ } + } } } + } + + + } + } + + 1680
CTCCTCATTCTCCTCGTCCGAGGACGTGTCACTGATGTACTTGTACTGAGGGGCGGCGGGGCCCGGGTGGGCGTTCGTAA

ACCAGGCCTATGCCGCCGCACGCGACTTCGCAGCCTATCGCTCCCAATTGCTGAGAGTGAAGTTCAGCAGGAGCGCAGAC
1760
TGGTCCGGATACGGCGGCGTGCGCTGAAGCGTCGGATAGCGAGGGTTAACGACTCTCACTTCAAGTCGTCCTCGCGTCTG
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GCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGA
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CGGGGGCGCATGGTCGTCCCGGTCTTGGTCGAGATATTGCTCGAGTTAGATCCTGCTTCTCTCCTCATGCTACAAAACCT

CAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGC
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+ 1 + t + t + t + t + } t t } t 1920
GTTCTCTGCACCGGCCCTGGGACTCTACCCCCCTTTCGGCTCTTCCTTCTTGGGAGTCCTTCCGGACATGTTACTTGACG

AGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTT
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TCTTTCTATTCTACCGCCTCCGGATGTCACTCTAACCCTACTTTCCGCTCGCGGCCTCCCCGTTCCCCGTGCTACCGGAA
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TACCAGGGT?TCAGTACAGECACCAAGGAEACCTACGAC?CCCTTCACAIGCAGGCCCT?CCCCCTCGC?TCGACAGCG?
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ATGGTCCCAGAGTCATGTCGGTGGTTCCTGTGGATGCTGCGGGAAGTGTACGTCCGGGACGGGGGAGCGCAGCTGTCGCG

TGGATCTGG?GCCACGAACITCTCTCTGTIAAAGCAAGC?GGAGACGTG?AAGAAAACC?CGGTCCTAA?CTTATGGGC?
+ } + } ' } ' } ' } 4 } } { 3 } 2160
ACCTAGACCTCGGTGCTTGAAGAGAGACAATTTCGTTCGTCCTCTGCACCTTCTTTTGGGGCCAGGATTCGAATACCCGT
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GGGGCCTGCTGAGGGGCCTGTGGCCCCTGCACATCGTGCTGTGGACCAGGATCGCCAGCACCATCCCCCCCCACGTGCAG
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CCCCGGACGACTCCCCGGACACCGGGGACGTGTAGCACGACACCTGGTCCTAGCGGTCGTGGTAGGGGGGGGTGCACGTC

AAGAGCGTGAACAACGACATGATCGTGACCGACAACAACGGCGCCGTGAAGTTCCCCCAGCTGTGCAAGTTCTGCGACGT
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TTCTCGCACTTGTTGCTGTACTAGCACTGGCTGTTGTTGCCGCGGCACTTCAAGGGGGTCGACACGTTCAAGACGCTGCA
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GAGGTTCAGCACCTGCGACAACCAGAAGAGCTGCATGAGCAACTGCAGCATCACCAGCATCTGCGAGAAGCCCCAGGAGG
M 1 + 1 M I M 1 M 1 + 1 M I M ]

+ } + } } } t } t } + } } } } } 2400
CTCCAAGTCGTGGACGCTGTTGGTCTTCTCGACGTACTCGTTGACGTCGTAGTGGTCGTAGACGCTCTTCGGGGTCCTCC
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APPENDIX

TGTGCGTGGCCGTGTGGAGGAAGAACGACGAGAACATCACCCTGGAGACCGTGTGCCACGACCCCAAGCTGCCCTACCAC
" 1 N 1 N 1 " 1 " 1 M 1 N 1 M

+ } + } } { + } + } + } + } + } 2480
ACACGCACCGGCACACCTCCTTCTTGCTGCTCTTGTAGTGGGACCTCTGGCACACGGTGCTGGGGTTCGACGGGATGGTG

GACTTCATCCTGGAGGACGCCGCCAGCCCCAAGTGCATCATGAAGGAGAAGAAGAAGCCCGGCGAGACCTTCTTCATGTG
M 1 M 1 + I + 1 M [ + 1 + 1 M
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CTGAAGTAGGACCTCCTGCGGCGGTCGGGGTTCACGTAGTACTTCCTCTTCTTCTTCGGGCCGCTCTGGAAGAAGTACAC
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CAGCTGCAGCAGCGACGAGTGCAACGACAACATCATCTTCAGCGAGGAGTACAACACCAGCAACCCCGACGTGGTGATCA
2640
GTCGACGTCGTCGCTGCTCACGTTGCTGTTGTAGTAGAAGTCGCTCCTCATGTTGTGGTCGTTGGGGCTGCACCACTAGT

PDGFRB TM domain
5] © 5] S D 2 © N D N I I El 5] E = NG N i 5] N B D \ Vv I —

GCGCCATCCTGGCCCTGGTGGTGCTGACCATCATCAGCCTGATCATCCTGATCAACTGCAGGAACACCGGCCCCTGGCTG
=i e -+ -+ I -+ 2720

CGCGGTAGGACCGGGACCACCACGACTGGTAGTAGTCGGACTAGTAGGACTAGTTGACGTCCTTGTGGCCGGGGACCGAC
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AAGAAGGTG?TGAAGTGCAeCACCCCCGAECCCAGCAAGTTCTTCAGCC?GCTGAGCAGEGAGCACGGC?GCGACGTGCA
t T + T + T t T Y T + T + T t

TTCTTCCACGACTTCACGTTGTGGGGGCTGGGGTCGTTCAAGAAGTCGGTCGACTCGTCGCTCGTGCCGCCGCTGCACGT
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GAAGTGGCTGAGCAGCCCCTTCCCCAGCAGCAGCTTCAGCCCCGGCGGCCTGGCCCCCGAGATCAGCCCCCTGGAGGTGC
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CTTCACCGACTCGTCGGGGAAGGGGTCGTCGTCGAAGTCGGGGCCGCCGGACCGGGGGCTCTAGTCGGGGGACCTCCACG

TGGAGAGGGACAAGGTGACCCAGCTGCTGCTGCAGCAGGACAAGGTGCCCGAGCCCGCCAGCCTGAGCAGCAACCACAGC
M 1 M 1 + I M 1 M 1 + 1 + I 3
t T + T + T t T t T + T + T 1

ACCTCTCCCTGTTCCACTGGGTCGACGACGACGTCGTCCTGTTCCACGGGCTCGGGCGGTCGGACTCGTCGTTGGTGTCG
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CTGACCAGCTGCTTCACCAeCCAGGGCTAETTCTTCTTC?ACCTGCCCGeCGCCCTGGA?ATCGAGGCCIGCCAGGTGT?
y } + } + } } } y } ' } $ } 3 } 3040
GACTGGTCGACGAAGTGGTTGGTCCCGATGAAGAAGAAGGTGGACGGGCTGCGGGACCTCTAGCTCCGGACGGTCCACAT
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CTTCACCTACGACCCCTACAGCGAGGAGGACCCCGACGAGGGCGTGGCCGGCGCCCCCACCGGCAGCAGCCCCCAGCCCC
+ } t } } } + } + } + } } } + } 3120
GAAGTGGATGCTGGGGATGTCGCTCCTCCTGGGGCTGCTCCCGCACCGGCCGCGGGGGTGGCCGTCGTCGGGGGTCGGGG

—
TGCAGCCCCTGAGCGGCGAGGACGACGCCTACTGCACCTTCCCCAGCAGGGACGACCTGCTGCTGTTCAGCCCCAGCCTG

M 1 M 1 N 1 M 1 M 1 N 1 M 1 M 1

v T v T T T T T T T T T T T T T 3200
ACGTCGGGGACTCGCCGCTCCTGCTGCGGATGACGTGGAAGGGGTCGTCCCTGCTGGACGACGACAAGTCGGGGTCGGAC
L @ P Ik SHG E D D A Y C T F P S R D D iL L L B SHE SHE —
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APPENDIX

CTGGGCGGCCCCAGCCCCCCCAGCACCGCCCCCGGCGGCAGCGGCGCCGGCGAGGAGAGGATGCCCCCCAGCCTGCAGGA
N 1 N 1 N 1 N 1 N 1 N 1 N 1 M

¥ T ¥ T ¥ T v T ' T ¥ T v T ¥
GACCCGCCGGGGTCGGGGGGGTCGTGGCGGGGGCCGCCGTCGCCGCGGCCGCTCCTCTCCTACGGGGGGTCGGACGTCCT

GAGGGTGCCCAGGGACTGGGACCCCCAGCCCCTGGGCCCCCCCACCCCCGGCGTGCCCGACCTGGTGGACTTCCAGCCCC
. 1 : 1 M 1 M 1 N 1 M [ M 1 M

T T T T T T v T v T T T v T v
CTCCCACGGGTCCCTGACCCTGGGGGTCGGGGACCCGGGGGGGTGGGGGCCGCACGGGCTGGACCACCTGAAGGTCGGGG

CCCCCGAGCTGGTGCTGAGGGAGGCCGGCGAGGAGGTGCCCGACGCCGGCCCCAGGGAGGGCGTGAGCTTCCCCTGGAGC
. 1 . 1 M 1 M 1 N 1 M 1 M 1 "

T T T T T T T T T T T T T T T
GGGGGCTCGACCACGACTCCCTCCGGCCGCTCCTCCACGGGCTGCGGCCGGGGTCCCTCCCGCACTCGAAGGGGACCTCG

AGGCCCCCCGGCCAGGGCGAGTTCAGGGCCCTGAACGCCAGGCTGCCCCTGAACACCGACGCCTACCTGAGCCTGCAGGA
M 1 M 1 M 1 N 1 M 1 : 1 + 1 M ]

T T T T T T T T ’ T T T T T T
TCCGGGGGGCCGGTCCCGCTCAAGTCCCGGGACTTGCGGTCCGACGGGGACTTGTGGCTGCGGATGGACTCGGACGTCCT

GCTGCAGGGCCAGGACCCCACCCACCTGGTGTCGCGATAG 3

: 1 s 1 : ! : L oeee

+ } } t + . + . 3560
CGACGTCCCGGTCCTGGGGTGGGTGGACCACAGCGCTATC 51

3280

3360

3440

3520
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APPENDIX

6.7 BWA431/26scFv-Fc-CD3{-OX40-P2A-TGF-BRII-PDGFRBTM-IL-2Rp (#2362)

5 CCATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAG
=ittt = =i} )
3 GGTACCTAAAAGTCCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGTCAGTATTACAGATCTCCACAGGTGAGGGTC

GTCCAACTGCAGGAGTCAGGTCCAGGTCTTGTGAGACCTAGCCAGACCCTGAGCCTGACCTGCACCGTGTCTGGCTTCAC
t 160
CAGGTTGACGTCCTCAGTCCAGGTCCAGAACACTCTGGATCGGTCTGGGACTCGGACTGGACGTGGCACAGACCGAAGTG
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GTAGTCGTCACCAATATCGACCGTGACCCACTCTGTCGGTGGACCTGCTCCAGAACTCACCTAACCTATGTATGTCATGT
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GTGGTATCACTAACTACAACCCCTCTCTCAAAAGTAGAGTGACAATGCTGGTAGACACCAGCAAGAACCAGTTCAGCCTG
" 1 " 1 M 1 " 1 M 1 N 1 M 1 M 1

+ 1 + } ¥ } i } t } i 1 + } 3 i 320
CACCATAGTGATTGATGTTGGGGAGAGAGTTTTCATCTCACTGTTACGACCATCTGTGGTCGTTCTTGGTCAAGTCGGAC
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AGACTCAGCAGCGTGACAGCCGCCGACACCGCGGTCTATTATTGTGCAAGAGAAGACTATGATTACCACTGGTACTTCGA
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TCTGAGTCGTCGCACTGTCGGCGGCTGTGGCGCCAGATAATAACACGTTCTCTTCTGATACTAATGGTGACCATGAAGCT
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TGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCAGGAGGTGGTGGATCGGGCGGTGGCGGGTCGGGTGGCGGCGGAT
L N T P A S S S S RS ST Rt b 450
ACAGACCCCGGTTCCCTGGTGCCAGTGGCAGAGGAGTCCTCCACCACCTAGCCCGCCACCGCCCAGCCCACCGCCGCCTA
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GACTGTAGGTCGACTGGGTCTCGGGTTCGTCGGACTCGCGGTCGCACCCACTGTCTCACTGGTAGTGGACATCATGGTCG
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TCAAGTGTAAGTTACATGCACTGGTACCAGCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTACAGCACATCCAACCT
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AGTTCACATTCAATGTACGTGACCATGGTCGTCTTCGGTCCATTCCGAGGTTTCGACGACTAGATGTCGTGTAGGTTGGA
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GGCTTCTGGTGTGCCAAGCAGATTCAGCGGTAGCGGTAGCGGTACCGACTTCACCTTCACCATCAGCAGCCTCCAGCCAG
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CCGAAGACCACACGGTTCGTCTAAGTCGCCATCGCCATCGCCATGGCTGAAGTGGAAGTGGTAGTCGTCGGAGGTCGGTC
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AGGACATCGCCACCTACTACTGCCATCAGTGGAGTAGTTATCCCACGTTCGGCCAAGGGACCAAGGTGGAGATCAAAGTG
T L A 0

TCCTGTAGCGGTGGATGATGACGGTAGTCACCTCATCAATAGGGTGCAAGCCGGTTCCCTGGTTCCACCTCTAGTTTCAC
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APPENDIX

GGATCCGATCCCGCCGAGCCCAAATCTCCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGG
N 1 N 1 N 1 1 1 3 1 N 1 N 1 N

+ } + } } t + } + + + } + } + + 880
CCTAGGCTAGGGCGGCTCGGGTTTAGAGGACTGTTTTGAGTGTGTACGGGTGGCACGGGTCGTGGACTTGAGGACCCCCC

ACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGG
M 1 + 1 + 1 + 1 + 1 + 1 + [l M ]

+ } + } + } t } + } + } + } t . 960
TGGCAGTCAGAAGGAGAAGGGGGGTTTTGGGTTCCTGTGGGAGTACTAGAGGGCCTGGGGACTCCAGTGTACGCACCACC

TGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAG

M ] : 1 M [ M 1 M ] : 1 " I M 1

v T v T v T v T T T T T T T T T 1040
ACCTGCACTCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCCGCACCTCCACGTATTACGGTTCTGTTTC

CCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAA
1120
GGCGCCCTCCTCGTCATGTTGTCGTGCATGGCCCACCAGTCGCAGGAGTGGCAGGACGTGGTCCTGACCGACTTACCGTT

GGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCC

' 1 i L i L ' L ' 1 i L i L ' L

+ } + } } } } } t } + } } } t i 1200
CCTCATGTTCACGTTCCAGAGGTTGTTTCGGGAGGGTCGGGGGTAGCTCTTTTGGTAGAGGTTTCGGTTTCCCGTCGGGG

GAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAA

L 1 i L i L L L L 1 i L i L L 1

+ } + } + } + } + } + } + i t . 1280
CTCTTGGTGTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAGTCGGACTGGACGGACCAGTTT
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GGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGT
M 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1
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CCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGGTGCGGAGGGCA
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GCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCT
i 1 L L i L i 1 i 1 i L 1 'l i 1

} } } } } } } } } } + { } } t i 1440
CGACCTGAGGCTGCCGAGGAAGAAGGAGATGTCGTTCGAGTGGCACCTGTTCTCGTCCACCGTCGTCCCCTTGCAGAAGA

L D S D G S| 7 F 5 Y S K L T A D K S R W Q Q G N Vv F —

CATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAAAAGATCCT
-+ + } + Baaas t t } - t t } 1520
GTACGAGGCACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGACAGAGGCCCATTTTTTCTAGGA

CD4 TM domain
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APPENDIX

GCTGAGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATC
N 1 N 1 N 1 N 1 1 1 N 1 N 1 N

r T ¥ T ¥ T ¥ T ¥ T ¥ T ¥ T ¥
CGACTCTCACTTCAAGTCGTCCTCGCGTCTGCGGGGGCGCATGGTCGTCCCGGTCTTGGTCGAGATATTGCTCGAGTTAG

CD4 TM domain
L R V K F S R S A D A P A Y Q Q G Q N Q L Y N E L N

TAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAG

ATCCTGCTTCTCTCCTCATGCTACAAAACCTGTTCTCTGCACCGGCCCTGGGACTCTACCCCCCTTTCGGCTCTTCCTTC

AACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGA
i 1 3 L i 'l i 1 3 1 3 L i L i 1

M 1 ¥ L] ¥ L] M 1 M 1 ’ L] ¥ L] M 1
TTGGGAGTCCTTCCGGACATGTTACTTGACGTCTTTCTATTCTACCGCCTCCGGATGTCACTCTAACCCTACTTTCCGCT

GCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACA
M 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1

+ T ¥ T t T T T T T T T T T ¥ T
CGCGGCCTCCCCGTTCCCCGTGCTACCGGAAATGGTCCCAGAGTCATGTCGGTGGTTCCTGTGGATGCTGCGGGAAGTGT

TGCAGGCCCTGCCCCCTCGCAGGGACCAGAGGCTGCCCCCCGATGCCCACAAGCCCCCTGGGGGAGGCAGTTTCCGGACC
M 1 M 1 M 1 M 1 M 1 M 1 M 1 M ]

v T v T v T v T v T v T v T v 1
ACGTCCGGGACGGGGGAGCGTCCCTGGTCTCCGACGGGGGGCTACGGGTGTTCGGGGGACCCCCTCCGTCAAAGGCCTGG

CCCATCCAAGAGGAGCAGGCCGACGCCCACTCCACCCTGGCCAAGATCAGCGCTGGATCTGGAGCCACGAACTTCTCTCT
M 1 + 1 M I M 1 M 1 + 1 M [l M ]

T T v T v T v T v T v T v T T T
GGGTAGGTTCTCCTCGTCCGGCTGCGGGTGAGGTGGGACCGGTTCTAGTCGCGACCTAGACCTCGGTGCTTGAAGAGAGA

GTTAAAGCAAGCAGGAGACGTGGAAGAAAACCCCGGTCCTAAGCTTATGGGCAGGGGCCTGCTGAGGGGCCTGTGGCCCC
i 1 i L 3 'l i 1 i 1 i L 1 1 i 1

ol 1 r L] . L] b 1 M 1 . L] - L] M 1
CAATTTCGTTCGTCCTCTGCACCTTCTTTTGGGGCCAGGATTCGAATACCCGTCCCCGGACGACTCCCCGGACACCGGGG

TGCACATCGIGCTGTGGAC?AGGATCGCCeGCACCATCC?CCCCCACGT?CAGAAGAGC?TGAACAACG?CATGATCGT?

v T v T v T v T v T v T v T v 1
ACGTGTAGCACGACACCTGGTCCTAGCGGTCGTGGTAGGGGGGGGTGCACGTCTTCTCGCACTTGTTGCTGTACTAGCAC

ACCGACAACAACGGCGCCGTGAAGTTCCCCCAGCTGTGCAAGTTCTGCGACGTGAGGTTCAGCACCTGCGACAACCAGAA
M 1 M 1 M I M 1 M 1 : 1 M I M 1

t T t T t T T T T T T T T T T T
TGGCTGTTGTTGCCGCGGCACTTCAAGGGGGTCGACACGTTCAAGACGCTGCACTCCAAGTCGTGGACGCTGTTGGTCTT
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APPENDIX

GAGCTGCATGAGCAACTGCAGCATCACCAGCATCTGCGAGAAGCCCCAGGAGGTGTGCGTGGCCGTGTGGAGGAAGAACG
N 1 N 1 N 1 N 1 " 1 N 1 N 1 1

M Ll M T N T M ] M T v T M T M T
CTCGACGTACTCGTTGACGTCGTAGTGGTCGTAGACGCTCTTCGGGGTCCTCCACACGCACCGGCACACCTCCTTCTTGC

ACGAGAACATCACCCTGGAGACCGTGTGCCACGACCCCAAGCTGCCCTACCACGACTTCATCCTGGAGGACGCCGCCAGC
M 1 M 1 + I M 1 M 1 + 1 + [l M ]

v T . T . T v T ’ T . T . T v T
TGCTCTTGTAGTGGGACCTCTGGCACACGGTGCTGGGGTTCGACGGGATGGTGCTGAAGTAGGACCTCCTGCGGCGGTCG

CCCAAGTGCATCATGAAGGAGAAGAAGAAGCCCGGCGAGACCTTCTTCATGTGCAGCTGCAGCAGCGACGAGTGCAACGA
M [ : 1 M I M 1 M ] 3 1 M I M 1
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GGGTTCACGTAGTACTTCCTCTTCTTCTTCGGGCCGCTCTGGAAGAAGTACACGTCGACGTCGTCGCTGCTCACGTTGCT
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CAACATCATCTTCAGCGAGGAGTACAACACCAGCAACCCCGACGTGGTGATCAGCGCCATCCTGGCCCTGGTGGTGCTGA
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T T T T T

T T v T T T T T T T T
GTTGTAGTAGAAGTCGCTCCTCATGTTGTGGTCGTTGGGGCTGCACCACTAGTCGCGGTAGGACCGGGACCACCACGACT

CCATCATCA?CCTGATCATECTGATCAACIGCAGGAACA?CGGCCCCTG?CTGAAGAAG?TGCTGAAGT?CAACACCCC?

t T t T t T T T t T T T T T T 1
GGTAGTAGTCGGACTAGTAGGACTAGTTGACGTCCTTGTGGCCGGGGACCGACTTCTTCCACGACTTCACGTTGTGGGGG
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GACCCCAGCAAGTTCTTCAGCCAGCTGAGCAGCGAGCACGGCGGCGACGTGCAGAAGTGGCTGAGCAGCCCCTTCCCCAG

CTGGGGTCGTTCAAGAAGTCGGTCGACTCGTCGCTCGTGCCGCCGCTGCACGTCTTCACCGACTCGTCGGGGAAGGGGTC
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CAGCAGCTT?AGCCCCGGC?GCCTGGCCCECGAGATCAG?CCCCTGGAG?TGCTGGAGA?GGACAAGGT?ACCCAGCTG?
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GTCGTCGAAGTCGGGGCCGCCGGACCGGGGGCTCTAGTCGGGGGACCTCCACGACCTCTCCCTGTTCCACTGGGTCGACG

TGCTGCAGCeGGACAAGGT?CCCGAGCCC?CCAGCCTGA?CAGCAACCA?AGCCTGACCeGCTGCTTCAECAACCAGGG?

T T T T T T T T T T T T T T T 1
ACGACGTCGTCCTGTTCCACGGGCTCGGGCGGTCGGACTCGTCGTTGGTGTCGGACTGGTCGACGAAGTGGTTGGTCCCG
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TACTTCTTCTTCCACCTGCCCGACGCCCTGGAGATCGAGGCCTGCCAGGTGTACTTCACCTACGACCCCTACAGCGAGGA
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ATGAAGAAGAAGGTGGACGGGCTGCGGGACCTCTAGCTCCGGACGGTCCACATGAAGTGGATGCTGGGGATGTCGCTCCT
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GGACCCCGACGAGGGCGTGGCCGGCGCCCCCACCGGCAGCAGCCCCCAGCCCCTGCAGCCCCTGAGCGGCGAGGACGACG
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. T v T . T v T ¥ T . T v T v 1
CCTGGGGCTGCTCCCGCACCGGCCGCGGGGGTGGCCGTCGTCGGGGGTCGGGGACGTCGGGGACTCGCCGCTCCTGCTGC
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APPENDIX

CCTACTGCACCTTCCCCAGCAGGGACGACCTGCTGCTGTTCAGCCCCAGCCTGCTGGGCGGCCCCAGCCCCCCCAGCACC
" 1 " 1 N 1 " 1 " 1 " 1 " 1 M

+ } + } } } + } + + + } + } + + 3200
GGATGACGTGGAAGGGGTCGTCCCTGCTGGACGACGACAAGTCGGGGTCGGACGACCCGCCGGGGTCGGGGGGGTCGTGG
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GCCCCCGGCGGCAGCGGCGCCGGCGAGGAGAGGATGCCCCCCAGCCTGCAGGAGAGGGTGCCCAGGGACTGGGACCCCCA
M 1 N 1 M 1 M 1 M 1 " 1 M 1 M

b i’ + ! t 1 t 1 3 1 } ! t 1 3 1 3280
CGGGGGCCGCCGTCGCCGCGGCCGCTCCTCTCCTACGGGGGGTCGGACGTCCTCTCCCACGGGTCCCTGACCCTGGGGGT
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GCCCCTGGGCCCCCCCACCCCCGGCGTGCCCGACCTGGTGGACTTCCAGCCCCCCCCCGAGCTGGTGCTGAGGGAGGCCG
" 1 N 1 M 1 M 1 " 1 M 1 N 1 1

} } 3360

M T v T T T v T T T v T v
CGGGGACCCGGGGGGGTGGGGGCCGCACGGGCTGGACCACCTGAAGGTCGGGGGGGGGCTCGACCACGACTCCCTCCGGC

—
GCGAGGAGGTGCCCGACGCCGGCCCCAGGGAGGGCGTGAGCTTCCCCTGGAGCAGGCCCCCCGGCCAGGGCGAGTTCAGG
i 1 i L i L i L i 1 L 1 i L i L
+ { $ } } { + . $ } . { + } + 1 3440
CGCTCCTCCACGGGCTGCGGCCGGGGTCCCTCCCGCACTCGAAGGGGACCTCGTCCGGGGGGCCGGTCCCGCTCAAGTCC
G E E V P D A G P R E G V S F P W S R P P G Q G E F R

GCCCTGAACGCCAGGCTGCCCCTGAACACCGACGCCTACCTGAGCCTGCAGGAGCTGCAGGGCCAGGACCCCACCCACCT
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CGGGACTTGCGGTCCGACGGGGACTTGTGGCTGCGGATGGACTCGGACGTCCTCGACGTCCCGGTCCTGGGGTGGGTGGA

A L N A R L P L N T D A Y L S L Q E L Q G Q D P T H L —
GGTGTCGCGATAG 3
oo 3533
CCACAGCGCTATC 5

IL-2RB IC domain
vV s R B =

95



APPENDIX

6.8 BWA431/26scFv-Fc-4-1BB-CD3{-P2A-TGF-BRII-PDGFRBTM (#2410)

5 CCATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAG
RS N SRS T o )
3 GGTACCTAAAAGTCCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGTCAGTATTACAGATCTCCACAGGTGAGGGTC

GTCCAACTGCAGGAGTCAGGTCCAGGTCTTGTGAGACCTAGCCAGACCCTGAGCCTGACCTGCACCGTGTCTGGCTTCAC
t 160
CAGGTTGACGTCCTCAGTCCAGGTCCAGAACACTCTGGATCGGTCTGGGACTCGGACTGGACGTGGCACAGACCGAAGTG
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APPENDIX

GGATCCGATCCCGCCGAGCCCAAATCTCCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGG
N 1 N 1 M 1 1 1 1 1 N 1 N 1 N

+ } + } + } + } + } + t + } + } 880
CCTAGGCTAGGGCGGCTCGGGTTTAGAGGACTGTTTTGAGTGTGTACGGGTGGCACGGGTCGTGGACTTGAGGACCCCCC

ACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGG
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TGGCAGTCAGAAGGAGAAGGGGGGTTTTGGGTTCCTGTGGGAGTACTAGAGGGCCTGGGGACTCCAGTGTACGCACCACC
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ACCTGCACTCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCCGCACCTCCACGTATTACGGTTCTGTTTC

CCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAA
1120
GGCGCCCTCCTCGTCATGTTGTCGTGCATGGCCCACCAGTCGCAGGAGTGGCAGGACGTGGTCCTGACCGACTTACCGTT

GGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCC
1200
CCTCATGTTCACGTTCCAGAGGTTGTTTCGGGAGGGTCGGGGGTAGCTCTTTTGGTAGAGGTTTCGGTTTCCCGTCGGGG

GAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAA
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CTCTTGGTGTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAGTCGGACTGGACGGACCAGTTT
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CCGAAGATAGGGTCGCTGTAGCGGCACCTCACCCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGGTGCGGAGGGCA
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APPENDIX

TGTCAGGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGG
N 1 N 1 N 1 1 1 1 1 N 1 N 1 1

+ } + } } } + } 4 } + t + } + } 1680
ACAGTCCTTTGCCCCGTCTTTCTTTGAGGACATATATAAGTTTGTTGGTAAATACTCTGGTCATGTTTGATGAGTTCTCC

CD4 TM domain
Vv R K R G R K K L L 3 I F K Q P E M R P \ Q il i1 Q E —

AAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGCGAACTGCAATTGCTGAGAGTGAAGTTCAGCAGG
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TTCTACCGACATCGACGGCTAAAGGTCTTCTTCTTCTTCCTCCTACGCTTGACGTTAACGACTCTCACTTCAAGTCGTCC
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TGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACA
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ACAAAACCTGTTCTCTGCACCGGCCCTGGGACTCTACCCCCCTTTCGGCTCTTCCTTCTTGGGAGTCCTTCCGGACATGT
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ATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCAC
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TACTTGACGTCTTTCTATTCTACCGCCTCCGGATGTCACTCTAACCCTACTTTCCGCTCGCGGCCTCCCCGTTCCCCGTG
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GATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGCGT
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CTACCGGAAATGGTCCCAGAGTCATGTCGGTGGTTCCTGTGGATGCTGCGGGAAGTGTACGTCCGGGACGGGGGAGCGCA

CGACAGCGCTGGATCTGGAGCCACGAACTTCTCTCTGTTAAAGCAAGCAGGAGACGTGGAAGAAAACCCCGGTCCTAAGC
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GCTGTCGCGACCTAGACCTCGGTGCTTGAAGAGAGACAATTTCGTTCGTCCTCTGCACCTTCTTTTGGGGCCAGGATTCG

TTATGGGCAGGGGCCTGCTGAGGGGCCTGTGGCCCCTGCACATCGTGCTGTGGACCAGGATCGCCAGCACCATCCCCCCC
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AATACCCGTCCCCGGACGACTCCCCGGACACCGGGGACGTGTAGCACGACACCTGGTCCTAGCGGTCGTGGTAGGGGGGG
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GTGCACGTCTTCTCGCACTTGTTGCTGTACTAGCACTGGCTGTTGTTGCCGCGGCACTTCAAGGGGGTCGACACGTTCAA
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CTGCGACGTGAGGTTCAGCACCTGCGACAACCAGAAGAGCTGCATGAGCAACTGCAGCATCACCAGCATCTGCGAGAAGC
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GACGCTGCACTCCAAGTCGTGGACGCTGTTGGTCTTCTCGACGTACTCGTTGACGTCGTAGTGGTCGTAGACGCTCTTCG
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APPENDIX

CCCAGGAGGTGTGCGTGGCCGTGTGGAGGAAGAACGACGAGAACATCACCCTGGAGACCGTGTGCCACGACCCCAAGCTG
N 1 N 1 N 1 M 1 1 1 N 1 N 1 1

+ } + . + } + } + t + } + } + } 2480
GGGTCCTCCACACGCACCGGCACACCTCCTTCTTGCTGCTCTTGTAGTGGGACCTCTGGCACACGGTGCTGGGGTTCGAC

CCCTACCACGACTTCATCCTGGAGGACGCCGCCAGCCCCAAGTGCATCATGAAGGAGAAGAAGAAGCCCGGCGAGACCTT

i 1 i L i L 1 L i 1 L L i L i 1

+ } + } } } + } + } } } + } + } 2560
GGGATGGTGCTGAAGTAGGACCTCCTGCGGCGGTCGGGGTTCACGTAGTACTTCCTCTTCTTCTTCGGGCCGCTCTGGAA

CTTCATGTGCAGCTGCAGCAGCGACGAGTGCAACGACAACATCATCTTCAGCGAGGAGTACAACACCAGCAACCCCGACG

i 1 i L 1 L 3 1 i 1 . 1 3 L i 1

+ . + { } , + . } } . } } } } } 2640
GAAGTACACGTCGACGTCGTCGCTGCTCACGTTGCTGTTGTAGTAGAAGTCGCTCCTCATGTTGTGGTCGTTGGGGCTGC

PDGFRB TM domain
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TGGTGATCAGCGCCATCCTGGCCCTGGTGGTGCTGACCATCATCAGCCTGATCATCCTGATCTCGCGATAG 3
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ACCACTAGTCGCGGTAGGACCGGGACCACCACGACTGGTAGTAGTCGGACTAGTAGGACTAGAGCGCTATC 5
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APPENDIX

6.9 pLV[Exp]-mCherry-EF1A-TGF-B1 (#2561)

GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAAC

CCGAGGCCACGGGCAGTCACCCGTCTCGCGTGTAGCGGGTGTCAGGGGCTCTTCAACCCCCCTCCCCAGCCGTTAACTTG

CGGTGCCTA?AGAAGGTGG?GCGGGGTAA?CTGGGAAAGTGATGTCGTGIACTGGCTCC?CCTTTTTCC?GAGGGTGGG?

T T T
GCCACGGATCTCTTCCACCGCGCCCCATTTGACCCTTTCACTACAGCACATGACCGAGGCGGAAAAAGGGCTCCCACCCC

GAGAACCGT?TATAAGTGC?GTAGTCGCC?TGAACGTTCITTTTCGCAA?GGGTTTGCC?CCAGAACAC?GGTAAGTGC?

T T T T T T T T T T T T T T 1
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CTCTTGGCATATATTCACGTCATCAGCGGCACTTGCAAGAAAAAGCGTTGCCCAAACGGCGGTCTTGTGTCCATTCACGG

GTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTA
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GCACTAAGAACTAGGGCTCGAAGCCCAACCTTCACCCACCCTCTCAAGCTCCGGAACGCGAATTCCTCGGGGAAGCGGAG
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GTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCT

CACGAACTCAACTCCGGACCGGACCCGCGACCCCGGCGGCGCACGCTTAGACCACCGTGGAAGCGCGGACAGAGCGACGA
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APPENDIX

GCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACAC
N 1 N 1 N 1 N 1 M 1 N 1 N 1 N

+ } + . + } + } + t + } + } + } 880
CGGCGAAGGGCCGGGACGACGTCCCTCGAGTTTTACCTCCTGCGCCGCGAGCCCTCTCGCCCGCCCACTCAGTGGGTGTG

AAAGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGAT
960
TTTCCTTTTCCCGGAAAGGCAGGAGTCGGCAGCGAAGTACACTGAGGTGCCTCATGGCCCGCGGCAGGTCCGTGGAGCTA
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TAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTG
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CCACCTCTGACTTCAATCCGGTCGAACCGTGAACTACATTAAGAGGAACCTTAAACGGGAAAAACTCAAACCTAGAACCA

TCATTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGACAAGTTTGTACAAAAAAGCAG
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AGTAAGAGTTCGGAGTCTGTCACCAAGTTTCAAAAAAAGAAGGTAAAGTCCACAGCACTGTTCAAACATGTTTTTTCGTC

GCTGCCACCATGCCGCCCTCCGGGCTGCGGCTGCTGCCGCTGCTGCTACCGCTGCTGTGGCTACTGGTGCTGACGCCTGG
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APPENDIX

TATATATGTTCTTCAACACATCAGAGCTCCGAGAAGCGGTACCTGAACCCGTGTTGCTCTCCCGGGCAGAGCTGCGTCTG
N 1 N 1 1 1 1 1 M 1 N 1 N 1 N
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ATATATACAAGAAGTTGTGTAGTCTCGAGGCTCTTCGCCATGGACTTGGGCACAACGAGAGGGCCCGTCTCGACGCAGAC
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GACTCCGAGTTCAATTTTCACCTCGTCGTGCACCTCGACATGGTCTTTATGTCGTTGTTAAGGACCGCTATGGAGTCGTT
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