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ABSTRACT

A SYSTEMIC COMPARISON OF DIFFERENT CHIMERIC ANTIGEN RECEPTOR
(CAR) DESIGNS FOR RETARGETING OF NK-92 CELLS AGAINST
TUMOR ANTIGENS

Elif Celik
Biological Sciences and Bioengineering, M.Sc. Thesis, 2019

Thesis Supervisor: Tolga Siitli

Keywords: natural killer cells, immunotherapy, chimeric antigen receptor

Cancer immunotherapies focus on the power of the immune system to attack
tumor cells. Recently, Chimeric Antigen Receptors expressing T cells (CAR-T cells) have
received clinical approval for antigen-specific adoptive immunotherapy against CD19 in
B cell malignancies. CAR vector designs have dramatically developed since their initial
discovery and now include first-generation CARs (CD3(-based CAR), second-generation
CARs with additional costimulatory domains such as CD28 or CDI137 and third
generation CARs (CD3( with two costimulatory domains) and recently fourth generation

CAR with a transgene for cytokine stimulation.

Natural Killer (NK) cells have ability recognize the tumor cells by their native
receptors and have grown to be promising candidates for adoptive immunotherapy of
cancer. CAR expression in NK cells is also clinically tested and carries the potential to
translate into clinical application but the majority of literature on CAR vector design relies

on observations from T cells.

This thesis aims to use NK-92 cells for evaluation of different designs in order to
optimize a CAR vector that could be efficiently used to retarget NK cells against tumor
antigens. CAR transgenes comprising identical antigen binding domains that target
CDI19, combined with different intracellular signaling domains (CD3( , CD28 and
CD137) are transferred to NK-92 cells via the use of lentiviral vectors. Cytotoxic activity
and antigen-specificity of CAR-NK-92 cells are evaluated against the CD19- classical
NK cell target K562 cell line and the CD19+ cell line Daudi and Namalwa by analysis of
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degranulation and cytokine secretion. Our results provide valuable data for optimal CAR

vector design in NK cells.



OZET

NK-92 HUCRELERININ TUMOR ANTIJENLERINE YONLENDIRILMIS FARKLI
KIMERIK ANITJEN RESEPTOR TASARIMLARININ SISTEMIK
KARSILASTIRILMASI

Elif Celik
Biyoloji Bilimleri ve Biyomiihendislik, Yiiksek Lisans Tezi, 2019

Tez Danigmani: Tolga Siitli

Anahtar kelimeler: dogal 6ldiiriicii hiicreler, immiinoterapi, kimerik antijen reseptor

Kanser immiinoterapileri, bagisiklik sistemindeki hiicrelerin tiimorlere kars1 olan
saldirma giicline odaklanir. Yakin ge¢miste, B hiicresi malignitelerinde bulunan CD19’a
kars1 Kimerik Antijen Reseptorleri ile modifiye T hiicreleri (CAR-T hiicreleri), klinik
immiinoterapi uygulamalar1 i¢in onay almistir. CAR vektor tasarimlari, ilk kesiflerinden
bu yana ¢arpici bicimde gelismektedir. Birinci nesil CAR'lar1 (CD3( tabanli), CD28 veya
CD137 gibi ek sinyal bolgelerinden birini igeren ikinci nesil CAR'lar ve CD3{’nin
yaninda iki sinyal bolgesi daha igeren tiglincii nesil CAR’lar takip etmis, ayrica bunlarin
yanina sitokin stimiilasyonu i¢in bir genin eklenmesiyle elde edilen dordiincii nesil CAR

vektorleri de gelistirilmektedir.

Dogal Oldiiriicii (NK) hiicreler, kendi dogal reseptorleri tarafindan tiimor
hiicrelerini tantyabilmektedir ve bu sebeple adoptif immiinoterapi i¢in umut vadeden yeni
adaylar olarak one c¢ikmaktadir. CAR ifade eden NK hiicreleri de klinik olarak test
edilmekte ve klinik uygulamaya ¢evrilme potansiyelini tagimaktadir fakat CAR vektor
tasarmmlarina dair literatiiriin biiyiik cogunlugunu T hiicreleri iizerinden yapilan gozlemler

olusturmaktadir.

Bu tezde NK hiicrelerinin tiimdr antijenlerine yonlendirilmesi i¢in
kullanilabilecek bir CAR vektdrii tasariminin optimizasyonu i¢in NK-92 hiicrelerinin
kullanilmas1 amag¢lanmistir. CD19 antijenine kars1 ayn1 antijen baglanma bolgesine sahip
fakat farkli hiicre i¢i sinyal bolgelerinin (CD3(, CD28 ve CD137) kullanildigt CAR
genleri lentiviral vektorler araciligiyla NK-92 hiicrelerine aktarilmistir. CD19+ hiicre

hatlar1 Namalwa ve Daudi’nin yani sira CD19- hiicre hatt1 K562 kullanilarak CAR-NK-
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92 hiicrelerinin degraniilasyon ve sitokin salimi aktiviteleri ile antijen Ozgiilliikleri
degerlendirilmistir. Sonuglar NK hiicrelerine 6zel CAR vektorii tasarimlari i¢in 6nemli

veriler saglamaktadir.
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1. INTRODUCTION

1.1. Natural Killer Cells of The Immune System

1.1.1. Description and origin

The immune system consists of different cell types and soluble factors that are responsible
for defending against intrinsic or extrinsic threats. The immune system is mainly
separated into two branches as innate and adaptive immunity (Figure 1.1). Innate
immunity is the first barrier in the body to show response to non-self-invaders and danger-
associated molecular patterns (Medzhitov and Janeway 2000). Adaptive immunity
responses come secondary to innate immunity and are responsible for recognizing and

distinguishing specific molecules on pathogens (Alberts et al. 2002).

Natural killer (NK) cells are members of innate immunity but come from the lymphoid
lineage and they are first described as a type of lymphocyte in mice simultaneously by
two groups in 1975 (Herberman et al., 1975; Kiessling et al., 1975). They are derived
from CD34" hematopoietic progenitor cells (Raulet and Vance 2006). One of the
milestones of NK cells is the recognition of the ‘missing-self” that seems to act as a safety
switch for attempts of escape from T cell-mediated immunity by means of MHC

downregulation (Ljunggren & Kirre, 1990).
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Figure 1.1. Hematopoiesis and branching of the immune system.
Hematopoietic Stem Cells (HSCs) are found in the bone marrow and
generate the two major cell types, myeloid and lymphoid progenitors.
Common myeloid progenitors differentiate into red blood cells,
platelets, monocytes and granulocytes (eosinophils, basophils and
neutrophils) which are members of the innate immune system. NK
cells are classified as members of the innate immune system but they
are derived from the common lymphoid progenitor which also gives
rise to the development of adaptive immunity members T and B cells.

1.1.2. Subtypes

Human NK cells are identified as CD3-CD56" lymphocytes that developed in the bone
marrow and are found in the blood, skin, lungs, liver, spleen, and lymph nodes (Grégoire
et al. 2007). Human peripheral blood contains 5-10% NK cells. In general, there are two
types of pf NK cells with specific roles (Figure 1.2.).

The majority of NK cells in human peripheral blood (about 90%) have low levels of CD56
(CD56%™m) and a small number (about 10%) has high CD56 (CD56¢) expression
(Vivier et al. 2008). CD56%™ cells express high levels of CD16 (FcRIII) but not the high-
affinity IL-2 receptor alpha chain (CD25) (Chan et al. 2007). The upregulation of CD25
under IL-2 stimulation helps NK cells provide lymphokine-activated killer (LAK) activity
resulting in higher cytotoxic activity (Muralikrishna, Varalakshmi, and Khar 1997).
CD56%mCD16briCD25"¢ cells have effector functions such as natural cytotoxicity or



antibody-dependent cellular cytotoxicity (ADCC). They have higher cytosolic activity
and show high expression of inhibitory killer cell immunoglobulin-like receptor (KIRs)

whereas CD56"¢" NK cells have important regulatory roles (Lanier 2004).

bright
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Figure 1.2. Phenotypic and functional comparison of CD56"¢" and CD56%™ NK
cells. CD56 gt NK cells express high levels of the IL-2 receptor, lack CD16
expression and produce high-level immunoregulatory cytokines. CD56%™ NK
cells have KIR expression and high levels of cytotoxic activity, mainly responsible
for natural cytotoxicity.

CD56 g cells do not show any cytotoxic activity act as more regulatory cells (Ferlazzo
et al. 2004). They have CD94 / NKG2A but lack expression of KIR, however secrete
various cytokines such as Interferon-gamma (IFN-y), Tumor Necrosis Factor-alpha
(TNF-a), IL-10, IL-13, and Granulocyte Macrophage Colony Stimulating Factor (GM-
CSF) there make a link between innate and adaptive immune response (De Maria et al.
2011). If CD56YgCD 1 69im'nee cels interact with fibroblasts, they may differentiate into
CD56%mCD16%™nee cells with high cytolytic activity and express the CD25 (Chan et al.
2007).

1.1.3. Effector mechanisms

The combination of activating and inhibitory receptors is responsible for the mechanism
of action of the NK cell. NK cells distinguish the fate of the target cell according to the
interactions of these receptors with their cognate ligands on the target cell (Figure 1.3.).
Since the ligands for inhibitory receptors are generally MHC-I molecules, this makes NK
cells able to recognize when MHC-I expression is lost on the target cell. This phenomenon
is called “missing-self recognition” and it is the reigning model of NK cell activation,
stating that NK cells mediate lysis of cells that do not express normal levels of self MHC
ligands (Ljunggren and Kérre 1990). The activating signals and the inhibitory signals can



be considered as on a balance. As a results of viral infections or cellular stress; the cells
can lose MHC-I expression on the cell surface and cause unbalance and NK cell

activation occurs (Sentman, Olsson, and Kérre 1995).

NK cell Lysis Target cell

AR T .
NKcell Nolysis = Targetcell e NK cell lysis?  Targetcell

*—0 -0 9=-=0

ee o o/ \ee,
®oe "'“.o’ .

— Both signals
NK Cell Inhibition NK Cell Activation present
mesmme  Activating Receptor —mssss  Activating Ligand s Foreign MHC
== |nhibitory Receptor s |nhibitory Ligand @ Cytolytic Granule

Figure 1.3. NK cell effector mechanisms. When NK cell faces with a
target and if the only inhibitory ligand (mostly self-MHC molecules)
engagement to inhibitory receptors, the target is protected from lysis,
it is called NK Cell inhibition. If there is a low level of MHC
molecules on the surface, and NK cells recognizing MHC low/absent
cells is known as ‘the missing-self recognition’. In NK cell Activation
the inhibitory signal is missing, or target cells have a non-self MHC
molecule so there is an activating signal, the target cell is killed with
cytolytic granule. When both signals are present, the fate of the target
cell is determined by the dominant signal (right-most).

The signals from these two groups of receptors are integrated intracellularly and the

net result of this signaling dictates the NK cell to kill or spare the target cell.
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Figure 1.4. The integration of activating and inhibitory signals in NK cells. Figure

adapted from (Vivier, Nunes, and Vély 2004).

Activating receptors such as CDI16, the natural cytotoxicity receptors (NKp30,
NKp44, NKp46), NKp80, and CD160 associate with (ITAM)-bearing molecules
DAP12 and CD3 through their intracellular domains. Other ones such as NKG2D,
2B4, CD2 and DNAM-1 signal through non-ITAM-bearing DAP10 (Pegram et al.
2011). Upon the activation, ZAP70/SYK or PI3K pathways are turned on to lead the
activation of the NK cell (Smyth et al. 2005). On the contrary, Inhibitory receptors
have cytoplasmic immunoreceptor tyrosine-based inhibition motifs (ITIM) in their
cytoplasmic tails (Krzewski and Strominger 2008) (Figure 1.4.). The binding of
inhibitory receptors to classical MHC I ligands (HLA-A, -B, -C) induces signals via
SHP-1 and SHP-2 (Yusa, Catina, and Campbell 2002) that dephosphorylate the same
intermediates as the activating signals are trying to phosphorylate. The net result of

these phosphorylation/dephosphorylation events helps to quantify the extent of



inhibitory and activating signals received by the cell. If the activating signals are
more dominant the perforin and granzyme containing granules begin to polarize
towards the target cell and get secreted at the immunological synapse, causing

apoptosis of the targeted cell (Bryceson et al. 2006).

NK cells also kill by death receptors Fas-ligands (FasL) and TNFa-related apoptosis-
inducing ligand (TRAIL) which both induce apoptosis in target cells (Medvedev et
al. 1997).

1.2. NK-92 Cell Line and its clinical applications

Currently, 10 different NK cells lines are known. NK3.3., YT cells (Yodoi et al. n.d.),
NKL Cells (Robertson et al. n.d.), HANKI cells (Kagami et al. 1998), NK-YS Cells
(Tsuchiyama et al., n.d.), KHYG-1 Cells (Yagita et al. 2000), SNK-6 and SNT Cells
(Nagata et al. 2001), IMC-1 Cells (I. M. Chen et al. 2004) and NK-92 cells (Gong, Maki,
and Klingemann 1994). The first described cell line is NK3.3. which a normal NK-
derived cell line obtained by Kornbluth in 1982 (Kornbluth 1982). Among these cell lines,
however, NK-92 stands out with its high cytotoxic activity and wide clinical applicability.

NK-92 is an immortal natural killer cell line which is isolated from 50 years old male
non-Hodgkin’s lymphoma patient in 1992 (Gong, Maki, and Klingemann 1994). NK-92
cells are negative for CD3, CD4, CDS, and CD16, therefore, cannot mediate ADCC (HG
Klingemann and Miyagawa 1996). The cell line is bound to IL-2 to survive however NK-
92MI and NK-92 CI cells that are derived from NK-92 cells and have similar biological
properties, but they are IL-2 independent (Tam et al. 1999). In the event of deprivation of
IL-2 in the culture/medium, NK-92 cells lose the ability to form colonies and start to die
(Gong, Maki, and Klingemann 1994). NK-92 cells express CD2 and CD56 but lack the
inhibitory KIR receptor family members (except for low levels of KIR2DL4) and
therefore are not subject to MHC-mediated inhibition of cytotoxic activity (Suck et al.
2016). NK-92 cells express high levels of Perforin and Granzyme B and are highly
cytotoxic against tumor cells with low MHC expression such as human chronic myeloid

leukemia cell line K562 (Boyiadzis et al. 2017). NK-92 express a relatively large number



of activation receptors such as NKp30, NKp46, 2B4 (also inhibitory), NK2GD, NKG2E
and a few inhibitory receptors NKG2A and NKG2B (Maki et al. 2001).

Efficient isolation and expansion of primary NK cells from peripheral blood mononuclear
cells (PBMCs) still poses problems and it is even more problematic to genetically modify
them. Nevertheless, immunotherapy approaches involving primary NK cells continue to
show high promise (Sutlu et al. 2012; Miller and Lanier 2019). NK-92 cells appear to be
an alternative way for clinical application. There are phase 1 and 2 studies that use NK-
92 cells in cancer immunotherapy (Tonn et al. 2013; Boyiadzis et al. 2017). NK-92 cells
have been shown to exert cytotoxic activity against multiple myeloma cells (Swift et al.
2012). NK-92 infusions were applied in lung, kidney cancer, and melanoma patients and
successful results were obtained (Arai et al. 2008; Tonn et al. 2013). However, NK-92
cells are IL-2 dependent and this may cause unexpected effects due to the IL-2 infusions
that must accompany NK-92 infusions. In order to use NK-92 cells without IL-2
infusions, NK-92 -IL-2ER cells which express an endoplasmic reticulum-retained version
of IL-2 were generated and shown to have high cytotoxicity as wild type NK-92 cells
(Konstantinidis et al. 2005). More recently, NK-92 cells modified to express a functional
TCR (Parlar et al. 2019; Mensali et al. 2019) and Chimeric Antigen Receptor modified
NK-92 (Hans Klingemann, Boissel, and Toneguzzo 2016) cells show promising

outcomes.

1.3. Immunotherapy

Traditional treatments like surgical excision is used in solid tumors for patients only in
early stages of cancer and it rapidly loses its effect once the malignancy becomes
metastatic. Chemotherapeutic agents and radiation provide great survival benefit for
patients but can damage healthy tissue due to toxicities (Pabla and Dong 2012).
Immunotherapy, on the other hand, has been a great hope for many of the cancer patients
(Pardoll 2013) due to its promise of high efficiency coupled with tumor specificity.
Cancer immunotherapy can basically be explained as the use of a patients’ own immune

system attack to selectively destroy tumor cells.



Cancer immunotherapy strategies can be categorized into different approaches. Molecular
therapy (cytokine infusions and anti-immune checkpoint molecules; anti-CTLA-4, anti-
PD-1), cellular therapy (e.g. CAR-T cells, TCR-T Cells) and vaccination therapy (e.g.
Human papillomavirus (HPV)) (M. Liu and Guo 2018).

1.3.1. Cellular Immunotherapy

Cellular immunotherapy (also called adoptive immunotherapy) consists of transferring
autologous or allogeneic immune cells for therapeutic purposes. Generally, the
transferred cells are genetically modified or at least ex vivo expanded. Adoptive T cell
therapy has shown a potentially powerful approach to cancer treatment (Yee et al. 2002)
and seems to be among the most effective methods in cancer immunotherapy today
(Hinrichs and Rosenberg 2014). NK cells play an important role in immunity against
tumor cells thanks to their potent cytotoxicity function (Evren Alici et al. 2007). Novel
NK-cell based therapeutic strategies in cellular immunotherapy provide a new set of tools
that could be used to complement or replace many T cell based treatments (E. Alici and
Sutlu 2009). Allogeneic NK cell products have been used in the treatment of a range of
malignancies such as; leukemia, renal cell carcinoma, leukemia, colorectal cancer,
hepatocellular cancer, lymphoma and melanoma (Geller and Miller 2011; Rizzieri et al.

2010)

1.3.1.1. Antigen-Specific Inmunotherapy
Adaptive immunity is essential to produce antigen-specific B and T cells by random
recombination of genomic loci (Pardoll 2013). Specific responses shown by B and T

cells have the capacity to differentiate between self and non-self-antigens.

T cells require 3 distinct signals to get activated; 1) antigen-specific interaction of its T
cell receptor (TCR) with MHC-], ii) co-stimulatory signaling through receptor such as
CD28 and CD40L and iii) instructive cytokines secreted by the antigen presenting cell
(Figure 1.5.) (Pross 2007).

In cytotoxic T cells, The TCR is a heterodimer consisting of two chains (TCR a and
TCRPp) that can recognize antigenic peptides presented on MHC. TCR heterodimers
combine with the CD3 complex: CD36, CD3y, CD3g, and CD3{ which contains ITAMs
(Samelson 2011). This complex is responsible for intracellular signal transduction events

leading to T cell activation. As mentioned above, CD3( is also expressed in NK cells and



works as a signaling adaptor for activating receptors. Co-receptors such as CD4 and CD8

facilitate the TCR signaling (Lin and Weiss 2001).
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Figure 1.5. Activation of the T cell. T cells require 3 distinct signals
for their activation. Signal 1 is the T cell Receptor (TCR) engagement
of the peptide-MHC complex, Signal 2 is the engagement co-
stimulatory receptors (CD28, CD40, etc.) and integrin molecules that
contribute to signal transduction by modulating the response
threshold. Signal 3 is the inflammatory cytokines including IL-12 or
Type 1 IFN. All the above components along with accessory proteins
essential for MHC are a part of the immunological synapse that
initiates T-cell activation.

Costimulatory molecules like CD28 and cytotoxic T-lymphocyte associated protein 4
(CTLA-4) provide the second signal to enhance TCR signaling in the cytoplasm. The
phenomenon of co-stimulation and the two signal model was initially discovered through
CD28 signaling in 1987 (June et al. 1987). Since then, various co-stimulatory receptors
(ICOS, CD27, 0X-40, 4-1BB, HVEM, CD40, CD30, PD-1) have been identified (L.
Chen and Flies 2013), and efficiently used to modify T cell activity especially in the field

of immunotherapy (such as immune checkpoint inhibition therapies with anti-CTLA-4 or



anti-PD1 specific antibody). Signaling domains on co-stimulatory molecules are

responsible for T cell growth, migration, differentiation and survival.

A third signal is still required for optimum T cell response and memory which is mostly
shaped by the cytokine milieu during antigen presentation especially interleukin-2 (IL-

2), IL-1 and IL-15 which are essential for proliferation of T cells (Raeber et al. 2018).

Antigen-specific immunotherapy aims to direct the immune response against specific
molecules that could distinguish tumor cells from healthy cells (Hoffmann and Schuler
2013). These antigens are traditionally classified into two: tumor specific antigens (TSA)
whose expression is restricted to the tumors, and the more commonly found tumor-
associated antigens (TAA) which may also be expressed in some healthy tissues but to a
much lower extent compared to the tumor. Genetic modification of T cells or NK cells
for targeting these antigens rely on the transfer of either TCR genes or chimeric antigen
receptor (CAR) genes. For antigen-specific immunotherapy, genetically modified NK or
T cells are given to a patient to help the fight cancer (Figure 1.6.). (Rosenberg and Restifo
2015).

Chimeric Antigen
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Figure 1.6. Antigen-specific immunotherapy. Antigen-specific
immunotherapy is used for cancer treatment. CAR-T/NK cells and
TCR-T/NK cells are engineered to produce special receptors on their
surface. They are expanded in the laboratory and returned to the
patient.
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1.3.1.2.Chimeric Antigen Receptors

Chimeric antigen receptors (CAR) are also known as chimeric immunoreceptors and they
can be designed to recognize specific antigens by the use of a single chain variable
fragment (scFv) sequence derived from a specific antibody (Srivastava and Riddell 2015)
(Figure 1.7.). scFv sequences are derived by fusion of the heavy and light chain variable
fragments (VH-VL) of an antibody with a specific linker (Figurel.6.)(Haber et al. 2006).
scFv designs were initially described in 1988, and the most commonly used linker
sequences since have been the pentapeptide GGGGS (Gly4Ser) such as (G4S)3, (G4S)4
(Huston et al. 1988; Benhar and Reiter 2004; Andris-Widhopf et al. 2001). Other
extracellular domains have been based on NK receptors such as CD16, DNAMI, or
NKG2D that are used to target their cognate ligands (T. Zhang, Barber, and Sentman
2006; Wu et al. 2015; Lehner et al. 2012; Clémenceau et al. 2006).

Fragment
CH2

Fc

Fragment

CH3 CH3

COOH COOH

Figure 1.7. Antibody and single chain variable fragment (scFv)
structure. Antibody consists of two heavy chains and two light
chains. scFV is a fusion protein of variable regions of the heavy
(VH) and light chains (VL) of antibody that combine with 10-25
amino acids short linker peptide. The left picture is an antibody,
right pictures are possible scFv chains.
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CAR-cells (NK or T cells) can target antigens on the tumor cell surface independent of
MHC presentation. Intracellular domains of CAR designs are based on T-cell activation
principles which are critical for initiation and regulation of the immune response. The
binding of CAR to its ligand on the target cell through the scFv sequences initiates signal
transduction in the intracellular domains and activates the T or NK cell to induce

cytotoxic activity, proliferate and secrete cytokines.

Besides the extracellular binding domain that is generally an scFv sequence, CARs
comprise a hinge domain that connects the scFv to a transmembrane domain and

intracellular signaling domains (Gacerez, Arellano, and Sentman 2016).

Hinge is the non-antigen binding part of the extracellular domain. The most commonly
preferred sequences is the CD8a hinge domain that provides both flexibility and stability
to the designed receptor and can improve the capacity of the intracellular signaling

domain (Lipowska-Bhalla et al. 2012).

The intracellular domains provide signaling which can be used to classify the different
generations of CAR design. The first generation CARs have only signal 1 (CD3zeta
signaling), second-generation CARs combine signal 1 and signal 2 (co-stimulatory
domain) , third generation CARs combine signal 1 and two different signal 2, fourth
generation CARs are combine signal 1,2 and 3 (Petersen and Krenciute 2019) (Figure

1.8.).

First Generation CARs used only CD3Z which is primary for T cell activation due to its
ITAM signaling. In CAR-NK cells, first-generation CARs can also use DAP10 or DAP12
(L1 et al. 2018). Second generation CARs use a co-stimulatory domain which provides
the co-stimulatory signal to allow proliferation, memory and changes the
cytokine/chemokine secretion profile of the modified cell. Most commonly used in T cells
are CD28, 4-1BB (CD137) and OX-40. CD28 results in cytokine secretion such as IL-2,
IL-10, IFN-y (M Chmielewski, Hombach, and Abken 2011); 4-1BB induces IL-4 and
resistance to activation-induced cell death (AICD) (Myers and Vella 2005); OX-40 does
not induce IFN-y but induces a similar amount of proliferation with 4-1BB (Hombach et
al. 2012). Third generation CARs contain two different signaling domains that can drives
the cells to specific differentiation or proliferation and provides more co-stimulatory

signaling. This provides a more reliable and more lasting treatment when evaluated over
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a long period of time (Enblad et al. 2015). Fourth Generation CARs (also referred to as
“TRUCK”) (Markus Chmielewski and Abken 2015) is the next and last generation CARs
that include another transgene expression besides the CAR and possibly multi-antigen
targeting. In this approach, extra transgenes for T or NK cell stimulation can be added to
the second or third generation CARs and optimized for autocrine cytokine secretion such
as IL-12 and IL-15 (Petersen and Krenciute 2019). The CAR domains used in the
literature are listed in Table 1 by type and task (Weinkove et al. 2019; Kuhn et al. 2019;
McNerney, Lee, and Kumar 2005; Xianghong Chen et al. 2009; Vinay and Kwon 2014;
Fedorov, Themeli, and Sadelain 2013).

1st 4th

2nd 3rd 4th
scFv & . v'LInker &\ &, & Cytoklnes
v ” Costimulatory ligand

Hinge
Transmembrane
Domain
A 0 A
CD28/4-1BB CD28
CD37
€D3Y 4-1BB/OX-40 N\\/

D37 Cytokine / Costimulatory ligand
Transgene

Figure 1.8. Generations of Chimeric Antigen Receptors. 1%
generation CAR describes as a fusion of an extracellular single
variable chain fragment with the CD3 intracellular signaling domain
from TCR. If 1% Generation CAR includes co-stimulatory intracellular
domains such as CD28/4-1BB, named 2™ Generation CAR. 3%
Generation CAR consists of two co-stimulatory intracellular domains.
Recently, 4" Generation CAR was described, that combines 2"
generation CAR with cytokine or co-stimulatory ligands transgene.

Recent years have witnessed the introduction of CAR-T cells into clinical practice.
The U.S. Food and Drug Administration (FDA) has approved KYMRIAH ™
(tisangenlecleucel) for Adult Refractory diffuse large B-cell Lymphoma (DLBCL)
and young adult acute lymphoblastic leukemia (ALL) as well as YESCARTA™
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(axicabtangene ciloleucel) for a certain type of B-cell lymphoma. UPMC Hillman
Cancer Center is the creator of both (“First-Ever CAR T-Cell Therapy Approved in
U.S.” 2017; “FDA Approves Second CAR T-Cell Therapy” 2018). They are
genetically modified autologous T-cells modified with CD19 specific CAR. In this
treatment (Figure 1.9), peripheral blood T cells are collected from the patient, then
genetically modified in the laboratory and expanded for about 2-3 weeks. In the
meantime, patients receive chemotherapy. CAR-T cells are infused back to the
patient and patients are monitored for side effects 2-3 months because treatment has
the potential to cause severe side effects such as cytokine release syndrome (CRS),
neurological events, infections, decreased oxygen level and %5-20 of patients are
faced with acute Graft versus host disease (GVHD) (Brudno and Kochenderfer 2016;
Jacoby et al. 2014).

Activation of CD4* CAR-T cell:
Release Cytokines
Gene Recruitimmune cells
r’af, Promote proliferation of effector cells
She
Activated T Cells er
CD4* CART Cells

Activation of CD8* CAR-T cell:
Direct killing of tumor cells
Release TNF-a, IFN-y, cytokines,
Perforin and Granzymes

CD8* CART Cells

J Macrophage

Endogenous T Cell

Figure 1.9. The use of CAR-T cells. CAR genes can be transferred to CD8
or CD4 T cells. If the CAR gene transfer to CDS8 cytotoxic T cells enables
them to recognize specific antigens on the target cell surface. This triggers
the direct killing of antigen-positive target cells. The same approach can
also be used in CD4 T cells in order to trigger the lease of cytokines and

recruitment of other immune cells. Since antigen-specific cytotoxic
activity is generally preferred in these treatments, most of CAR-T cell

research is carried on CDS8 T cells.
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Table 1.1. CAR domains that used in NK/T cells

CAR Domain | Parts of the CAR Family /Source Ligands/Binding Part Cell Expression Functional Characteristic
CD23 z;znlsnﬁzrclgﬁaer CDR0/36 Resting and activated | IL-2 production, CD4+ T cell
Signaling Domain T cells expansion
Ig Family
Intracellular Activated T cells,
CD278 (ICOS) Sionaline D . CD275 (ICOS-L) especially Tth and Thl and Th17 polarisation
ignaling Domain Th7 cells
Transmembrane . .
CD137 (4-1BB) |and Intracellular i Memory CD8+ T cells, co—stlmulgtory immune
Sienaline Domain only the activation checkpoint molecule
£ £ period of CD4+ T cells
0X40 (CD134) | Mmracellular | Tumor necrosis factor|  0x40L (CD252) Suppresses Treg development
Signaling Domain | receptor superfamily
CD27 Igtracqllular . CD70 Activated T cells Increase? prohferathn and
Signaling Domain secretion of cytokines
Intracellular Increase proliferation and
CDA40 Signaling Domain CDAOL (CD154) secretion of cytokines
Signaling
Intracellular Lymphocyte Memory CD8+ T cells Activation and inhibitory
D244 (2B4) Signaling Domain | Activation Molecule D43 and NK cells function for NK cells
Family
DAP10 Intracellular Hematopoietic cell i CD8+ T cells and NK | Intracellular signaling functions

Signaling Domain

signal

cells

for receptors
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transducer/DNAX-

DAPI12 Igtracgllular . activating proteins i protein tyrgsine kinase binding

Signaling Domain protein for receptors

immunoglobulin
superfamily
Transmembrane . ; . . . o ) .
containing a single Chains associate with generate activation signal in T

CD3( and Intracellular -

Signaling Domain extracellular T-cell receptor and cells

immunoglobulin some NK cells
domain receptors
Transmembrane T cell Membrane
D : . MHC-I D8+ T cell .
D8 Domain Glycoprotein ¢ CD8+ T cells Recognize MHC-I class
Killer cell

Transmembrane immunoglobulin-like 2-Microglobulin— Receptor on natural killer (NK)

KIR2DS2 and a cytoplasmic receptor CD158 giob! NK Cells p
. . . . Independent Ligand cells for HLA-C alleles
domain antigen-like family
member

CTLA4 Iqtracgllular ' Immunoinhibitory B7 Activated T cells Regulatlpn of immune activation

Signaling Domain receptors and immune checkpoints
PD-1 Igﬁacqllular . Immunoinhibitory PDL-1 Activated T cells Regulatlpn of immune aC'FlVa'[IOI’l

Signaling Domain receptors and immune checkpoints
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1.4. Chimeric Antigen Receptor-Natural Killer Cells

*Tumor Antigen

NK CELL

Granzyme and Perforin

NK cell activation
Cytotoxicity
Granzyme and Perforin production.

Figure 1.10. CAR-NK cells. CAR NK cells also have the capacity to recognize and kill
tumor cells through their native activating and inhibitory receptors, making the escape
of tumor cells through downregulation of the CAR target antigen less likely.

CAR-NK cell binding to specific antigen on target cells activates the signaling pathways
to release cytotoxic granules containing perforin and granzyme B as well as secretion of
cytokines (Oberschmidt, Kloess, and Koehl 2017) (Figure 1.10.). As stated above, natural
cytotoxicity receptors (NCRs) in NK cells signal through CD3( that has ITAM domains.
First generation of CAR vectors also rely on CD3( so it has been possible to use these
vectors to activate (Eshhar et al. 1993) NK cells through the regular Syk-Zap70 pathway
(Moretta et al. 2002). Second generation CARs also have co-stimulatory domains
alongside CD3(. Depending on which co-stimulatory domain is used, different signaling
pathways such as JNK or PI3K are activated in NK cells (Watzl and Long 2010). CD28
co-stimulatory domain in CAR-NK cells results in PI3K activation leading to IL-2
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production (Kowolik et al. 2006). 4-1 BB improves NK cell cytotoxicity due to IFN-y
production but second generation 4-1BB- CD3( was found to be less effective compared
to CD28-CD3( in NK-92 cells (Tonn et al. 2016). In NK cells, instead of CD3¢, DAP12
or DAP10 was also tested as intracellular signaling domains. DAP12 increased the IFN y
release in CAR-NK cells compared to CD3{ (Topfer et al. 2015). These results suggest
that vectors optimized in T cells may not always be directly applicable in NK cells and
NK cell-oriented CAR designs can help to increase the efficiency of CAR-NK cells.
Current pre-clinical trials of different designs in CAR-NK cells are listed in Table 1.2

with all domains, genetic modification methods and cell lines tested.

Comparison of the clinical and pre-clinical studies of CAR-NK and CAR-T cells reveals
certain advantages of using NK cells for CAR therapy. These advantages are particularly
due to the natural killing mechanism of NK cells and have drawn attention to CAR-NK
clinical trials. Human NK cells used for CAR treatments can be derived from different
origins, such as the NK cell line NK-92, primary cord blood and peripheral blood, all of
which have recently been used effectively in clinical trials (Table 1.3.). Primary NK cells
are easily isolated from patients and have relatively short life span (Koehl et al. 2016).
Therefore, the risk of overexpansion and exhaustion of the cells is high. If NK-92 cells
are used, they can be cultured long-term in vitro with a uniform phenotype and can reduce
the cost (Glienke et al. 2015). More importantly, cytokine secretion profile of NK cells
seems more safe than CAR-T cells in terms of IFN-y and GM-CSF (Hans Klingemann
2014). This profile renders NK cell treatments less susceptible to adverse effects such as

CRS and GvHD (Domogala, Madrigal, and Saudemont 2015).

Last and most important is the presence of the natural killing mechanism of NK cells.
CAR-NK cells trigger the death of target cells in both CAR-dependent and CAR-
independent ways because they have native activating receptors on the cell surface. If the
target antigen 1is lost, NK cells can continue to be kill via their activation receptors
(Mehta and Rezvani 2018). As clinal trials continue (Table 1.3.), CAR-NK based

immunotherapies continue to deliver the are promise of better cancer treatment.
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Table 1.2. List of Pre-Clinical Studies of NK cells

Disease Target Hinge ™ Intrac.ellular Signal | Genetic  Modification NK Cell Source References
Domain Method
. .. NK-92 (IL-2 | ..
Multiple myeloma CD138 CD8 CD3¢ CD3¢ Lentiviral Vector independent) (Jiang et al. 2014)
. . . (Romanski et al
B-cell malignancies CD19 CD8 Unknown CD3¢ Retroviral Vector NK-92 2016)
CD28 CD3¢
B-cell malignancies CD19 CD8 - D137 CD28-CD3C Lentiviral Vector NK-92 (Tonn et al. 2016)
CD137-CD3¢
Chronic  lymphocytic . .
. CD19 CD8 CD3¢ CD3( Electroporation NK-92 (Boissel et al. 2009)
leukemia
Acute/Chronic | -y 9/0py Unknown | Unknown CD3( Lentiviral Vector NK-92 (Boissel et al. 2013)
lymphocytic leukemia
B-cell malignancies CD20 CD8 CD3¢ CD3( Retroviral Vector NK-92 (Miiller et al. 2008)
Prostate cancer EpCAM CD8 CD3¢ CD3( Retroviral Vector NK-92 g]gglggrup—Llnk et al.
Prostate cancer EpCAM CD8 CD3¢ CD3( Retroviral Vector NK-92 (Meier et al. 2011)
.. (Nowakowska et al.
Colorectal cancer EpCAM CD9 CD3¢ CD137-CD3¢ Lentiviral Vector NK-92 2018)
i . ) (Sahm, Schonfeld,
Breast Cancer EpCAM CD8 CD28 CD28-CD3¢ Lentiviral Vector NK-92 and Wels 2012)
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(Seidel et al. 2015;

Neuroblastoma GD2 CD8 CD3( CD3( Retroviral Vector NK-92 Esser et al. 2012)
Melanoma GPA7 Unknown | HLA-A2 CD3¢ Electroporation NK_92 (IL-2 (G. Zhang et al. n.d.)
independent)
Brain Metastasis HER2 CD8 CD3( CD3( Retroviral Vector NK-92 g’glllg)ns et al. 2013,
(Daldrup-Link et al.
Breast Cancer HER2 CD8 CD3¢ CD3(¢ Retroviral Vector NK-92 2005; Meier et al.
2008)
Breast / ovarian cancer | HER2 CD8 CD3¢ CD3(¢ Retroviral Vector NK-92 (Uherek et al. 2002)
Breast / ovarian cancer, CD3¢ CD3¢ (Schonfeld et al
Melanoma, Renal cell | HER2 CDS8 Lentiviral Vector NK-92 chonte ¢t ab
carcinoma CD28 CD137 CD28-CD3¢ 2015)
CD137-CD3(
Glioblastoma HER2 CDS CD28 CD28-CD3( Lentiviral Vector NK-92 5(51 6)Zhang ot al
Breast Cancer HER2 CD8 CD28 CD28-CD3( Electroporation NK-92 (H. Liuet al. 2015)
Multiple myeloma CSl1 Unknown | Unknown CD28-CD3¢ Lentiviral Vector NK-92 (Killer et al. 2014)
EBV* EBNA3C Unknown | Unknown CD137-CD3{ Retroviral Vector NK-92 (IL-2 | (Tassev, Cheng, and
independent) Cheung 2012)
Glioblastoma EGFR/EGFRVII | CD8 CD28 CD28-CD3( Lentiviral Vector NK-92 (Han et al. 2015;

GenBler et al. 2016)
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(Xilin Chen et al

Brain Metastasis EGFR Unknown | Unknown CD28-CD3( Lentiviral Vector NK-92 2016)
NKG2D CD3¢
CD16 2B4-CD3(
DAP10-CD3¢
NKp44
2B4-CD3(
o . 2B4-CD3(
Xesothehn CXPIESSINE | \esothelin CD8 Transposon plasmids iPSC-NK (Lietal. 2018)
mors CD137-CD3(
NKG2D 2B4-DAP12-CD3(
2B4-DAP10-CD3(
CD137-2B4-CD3(
CD28 CD28-CD137-CD3(
CD3 gléi:\é;n H. Chen etal.
Agressive T cell CDS CDS CD28-CD137-CD3C | Lentiviral Vector NK-92

malignancies

CD5

(K H Chen et al
2017)
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Table 1.3. Clinical Trials of CAR-NK ( https://clinicaltrials.gov/ , update date: 1.07.2019)

NCT Number | Target Disease/Conditions NK Cell Source Phase Status Location
B-Lymphoid
NCT03056339 | CD19 Malignancies, Umbilical Cord Blood ~ |Phase 1and2 | Recruiting Houston, - Texas, United
Lymphoma and States,
Leukemia
NCT02892695 |CD19 Eeuclilrmiymphoma and NK-92 Phase 1 and 2 Recruiting Suzhou, Jiangsu, China
B-cell Acute . .
NCT01974479 | CD19 Lymphoblastic ?;H’s loidentical donor NK Phase 1 Suspended Singapore, Singapore
Leukemia
B-cell Acute . . .
NCT00995137 |CD19 Lymphoblastic Haploidentical ‘donor NK | b Completed Memphis, - Tennessee,
Leukemia cells United States
NCT03579927 |CD19 B cell Lymphoma Umbilical Cord Blood Phase 1 and 2 Not yet recruiting IS{;?:;OH’ Texas, United
Refractory B cell . . Allife Medical Science and
NCT03690310 |CD19 lymphoma Not specify Early Phase 1 Not yet recruiting Technology Co., Ltd.
Refractory B cell . o Allife Medical Science and
NCT03824964 |CD19/CD22 lymphorma Not specify Early Phase 1 Not yet recruiting Technology Co., Ltd.
NCT03692767 |CD22 Refractory B cell Not specify Early Phase 1 Not yet recruiting Allife Medical Science and

lymphoma

Technology Co., Ltd.
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Lymphoma and

NCTO02742727 CD7 . NK-92 Phase 1 and 2 Unknown Suzhou, Jiangsu, China
Leukemia
NCT02944162 | CD33 Acute Myeloid |\ _gp Phase 1 and2  |Unknown Suzhou, Jiangsu, China
Leukemia
NCT02839954 | MUCI1 Carcinoma Not specify Phase 1 and 2 Unknown Suzhou, Jiangsu, China
NCTO03383978 | HER2 Glioblastoma NK-92 Phase 1 Recruiting Frankfurt, Germany
NCT03415100 |NKG2D Solid Tumor Autologous or allogeneic |, o Recruiting Guangzhou,  Guangdong,
NK cells China
Costimulatory Converting
NCTO03656705 |- Ig:rrl:;nall Cell  Lung Receptor (CCCR)- | Phase 1 Recruiting Xinxiang, Henan, China
Modified NK92 Cells
. Epithelial Ovarian . .y Allife Medical Science and
NCT03692637 | Mesothelin Cancer peripheral blood Early Phase 1 Not yet recruiting Technology Co., Ltd.
Castration-resistant . .y Allife Medical Science and
NCT03692663 | PSMA Prostate Cancer Not specify Early Phase 1 Not yet recruiting Technology Co., Ltd.
NCT03940820 |ROBO1 Solid Tumor Not specify Phase 1 and 2 Recruiting Suzhou, Jiangsu, China
NCTO03941457 |ROBOI1 Pancreatic Cancer Not specify Phase 1 and 2 Recruiting Shanghai, China
NCT03931720 | ROBO1 Malignant Tumor Not specify Phase 1 and 2 Recruiting Suzhou, Jiangsu, China
NCT03940833 | BCMA Multiple Myeloma NK-92 Phase 1 and 2 Recruiting Wuxi, Jiangsu, China
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2.  AIM OF THE STUDY

CAR mediated targeting of tumor antigens is a promising approach for adoptive
immunotherapy of cancer. Moreover, CAR-T cells have recently received clinical
approval for antigen-specific adoptive immunotherapy against CD19 in B cell
malignancies. CAR expression in NK cells is also clinically tested and carries the
potential to translate into clinical application. CAR-NK cells trigger the death of target
cells in both CAR-dependent and CAR-independent ways due to their natural killing
mechanisms. Comparison of the pre-clinical studies of CAR-NK and CAR-T shows using
NK cells for CAR therapy may be preferable due to safety and efficiency concerns.

This thesis investigates NK-92 cells as the effectors and evaluates CAR vectors
that could be efficiently used to retarget NK cells, primarily focusing on different
generations of CAR vectors for retargeting NK-92 cells towards B cell malignancies.,
CAR transgenes comprising identical antigen binding domains that target CDI19,
combined with different intracellular signaling domains (CD3{ , CD28 and CD137) are
transferred to NK-92 cells via the use of lentiviral vectors and the efficiency of CAR-NK-

92 cells is tested in vitro.
Thus, this study aims:

I.  Tosetup and optimize production of CAR NK-92 cells with anti-CD19 scFv

II. To evaluate the effect of different intracellular signaling domains in
retargeting NK-92 cell mediated cytotoxicity

III.  To develop novel and practical CAR vector designs optimized for NK cells
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3. MATERIALS AND METHODS

3.1. Materials

3.1.1. Chemicals

All the chemicals used in this thesis are listed in Appendix A.

3.1.2. Equipment

All the equipment used in this thesis are listed in Appendix B.

3.1.3. Buffers and solutions

Calcium Chloride (CaCl2) Solution: 60mM CaCl> (diluted from 1M stock), 15%
Glycerol, 10mM PIPES (pH 7.00) were mixed and sterilized by autoclaving at 121°C for

15 minutes and stored at 4°C.

Agarose Gel: For 100 ml 1% w/v gel, 1 g of agarose powder was dissolved in 100 ml
0.5X TBE buffer by heating. 0.01% (v/v) ethidium bromide was added to the solution.

Tris-Borate-EDTA (TBE) Buffer: For 1 L 5X stock solution, 54 g Tris-base, 27.5 g boric
acid, and 20 ml 0.5M EDTA (pH 8.00) were dissolved in 1 L of ddH20. The solution is

stored at room temperature (RT) and diluted 1 to 10 with ddH2O for working solution of
0.5X TBE.

HBS solution (2X): 280 mM NaCl, 50mM HEPES, and 1.5 Mm Na:HPOs4 adjust pH to
7.1 with 10 M NaOH, sterilize by passing through with 0.22 um filter. Store at -20°C.
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3.1.4. Growth media

Luria Broth (LB): For 1 L 1X LB media, 20 g LB powder was dissolved in 1 L ddH20

and then autoclaved at 121°C for 15 minutes. For puromycin selection, at a final

concentration of 100 pg/ml ampicillin was added to liquid medium just before use.

LB-Agar: For 1X agar medium in 400 ml in 1 L glass bottle, add 8 g LB powder and 6 g
bacterial agar powder were dissolved in 400 ml ddH2O and then autoclaved at 121°C for
15 minutes. Then, autoclaved LB agar is mixed with antibiotic of interest at a desired

ratio onto sterile Petri dishes. Sterile agar plates were kept at 4°C.

Complete DMEM: HEK 293FT cells were maintained in culture in DMEM supplemented

with 10% heat-inactivated fetal bovine serum, 2mM L-Glutamine, 1mM Sodium

Pyruvate, 0.1mM MEM Non-essential amino acid solution, and 25mM HEPES solution.

Complete RPMI 1640: NK-92 cell line is maintained in culture in RPMI1640

supplemented with 20% heat-inactivated fetal bovine serum, 1000 U/ml Interleukin-2 is
culture every 2 days¢ 25mM HEPES, 2mM L-Glutamine, 1X MEM vitamins, 0.1mM
MEM Non-essential amino acid solution, ImM Sodium Pyruvate, and 0.1 mM 2-

mercaptoethanol.

K562, DAUDI, NAMALWA cells are maintained in culture in RPMI1640 supplemented
with 10% heat-inactivated fetal bovine serum, 25mM HEPES, 2mM L-Glutamine, 1X

MEM vitamins, 0.1mM MEM Non-essential amino acid solution.

Freezing medium: All the cell lines were frozen in heat-inactivated fetal bovine serum

containing 6% DMSO (v/v).

3.1.5. Commercial Kits used in this study

Table 3.1. List of Commercial Kits

Commercial Kit Company

PureLink™ Genomic DNA Mini Kit Thermo Fisher, USA
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Nucleo Spin® Gel and PCR Clean-up Kit

Macherey-Nagel, USA

Nucleo Spin® Plasmid Midiprep Kit

Macherey-Nagel, USA

Nucleo Spin® Plasmid Miniprep Kit

Macherey-Nagel, USA

RNA isolation kit

Zymo Research, USA

RvertAid First Strand cDNA Synthesis Kit| Thermo Fisher, USA

3.1.6. Enzymes

Table 3.2. List of Enzymes

Enzyme Company
Apal New England Biolabs, USA
BamHI-HF New England Biolabs, USA
Bglll New England Biolabs, USA
BstEIl New England Biolabs, USA
Fermentas, USA
CIAP
New England Biolabs, USA
EcoRI-HF New England Biolabs, USA
EcoRV-HF New England Biolabs, USA
HindIII-HF New England Biolabs, USA
Ncol New England Biolabs, USA
Notl New England Biolabs, USA
Pvull-HF New England Biolabs, USA
Q5 Polymerase-
HF New England Biolabs, USA
Sacll New England Biolabs, USA
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Sall New England Biolabs, USA
Sfil Fermentas, USA

Sphl New England Biolabs, USA
T4 Ligase New England Biolabs, USA
Xbal New England Biolabs, USA
Xhol New England Biolabs, USA

3.1.7. Antibodies

Table 3.3. List of Antibodies

Antibody Company

Anti-human CD56 (BV421 conjugated, clone:NCAM 16.2) | Biolegend,USA
Anti-human CD56 (APC conjugated, clone:NCAM 16.2) | Biolegend,USA
Anti-human CD107a (PE/Cy7 conjugated, clone:H4A3) | Biolegend,USA
Anti-human CD19 (Purified, clone: SJ25C1) Biolegend,USA
Anti-human CD19 (Brillant Violet 510™, clone: SJ25C1) |Biolegend,USA

Anti-c-Myc ( Alexa Fluor ®594 conjugated, human and
fusion protein, clone: 9E10)

Biolegend, USA

Anti-human TNF-a (APC conjugated, clone: MAb11)

Biolegend, USA

Anti-human IFN-y (APC/Cyanine 7, clone: B27)

Biolegend, USA

Anti-human NKG2D (Brilliant Violet 510™ clone:1D11)

Biolegend, USA

Anti-human CD2 (APC/Cy7, clone: RPA-2.10) Biolegend,USA
Anti-human CD244 (2B4) (PE, clone: C1.7) Biolegend,USA
Anti-human CD335 (NKp46) (BV510, clone: 9E.2) Biolegend,USA
Anti-human CD336 (NKp44) (PE/Cy7, clone: p44-8) Biolegend,USA
Anti-human CD160 (APC, clone: BY55) Biolegend,USA
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Anti-human CD337 ( NKp,30) (APC, clone: P30-15) Biolegend,USA

Anti-human NKp80 (PE, clone: 5D12) Biolegend,USA

3.1.8. Bacterial strains

Escherichia coli (E.coli) Topl0 strain is used for general plasmid amplifications and

lentiviral construct amplifications.

3.1.9. Mammalian cell lines

HEK293FT: Human embryonic kidney 293 (HEK293) cell line derivative that stably
expresses the large T antigen of SV40 virus and has fast-growing specificity (Invitrogen

R70007).

NK-92: Human natural killer cell line isolated in the year 1992 from a non-Hodgkin’s
lymphoma patient (ATCC® CRL 2407™™),

DAUDI: The Daudi cell line is isolated from 16-year old Black male Burkitt’s lymphoma
patients in the year 1967 (ATCC® CCL-213™),

NAMALWA: The Namalwa cell line was derived from 3 years old female Burkitt’s
lymphoma patients (ATCC® CRL-1432™),

K562: K562 is the first established human immortalized myelogenous leukemia line from
a 53 years old female chronic myelogenous leukemia patient in blast crisis (ATCC® CCL-

243™),

29



3.1.10. Plasmids and oligonucleotides

Table 3.4. List of Plasmids

Plasmids

Purpose

Source

PUC57.CAR.3.137

Expression of 3rd generation
CAR (CD28, CD137, and CD3({)

Genscript (NJ, USA)

LeGO-G2

Lentiviral construct for GFP
expression and Puromycin
resistance gene

A kind gift from Prof.
Boris Fehse of University
Medical Center Hamburg-
Eppendorf, Hamburg,
Germany

LeGO-iG2puro

Lentiviral construct for GFP
expression with IRES

A kind gift from Prof.
Boris Fehse of University
Medical Center Hamburg-
Eppendorf, Hamburg,
Germany

LeGO-
1G2puro.CAR3.137

Lentiviral construct for
expression of 3rd generation
CAR (CD28, CD137, and CD3{)
with GFP, IRES and Puromycin
resistance genes

Lab construct

LeGO-
iG2puro.CAR3.137-
19

Lentiviral construct for
expression of 3rd generation
CAR (CD28, CD137, and CD3(
with an scFv

fragment of CD19-specific
antibody FMC63) with GFP,
IRES and Puromycin resistance
genes

Lab construct

pMDLg/pRRE

Virus production/packaging

plasmid (Gag/Pol) Addgene (#12251)
Virus production/packaging

pRSV-REV plasmid (Rev) Addgene (#12253)
Virus production/packaging

pCMV-VSV-g plasmid (Env) Addgene (#8454)
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Expression of 1st Generation
CAR (only CD3 {) with an scFv
fragment of CD19-specific
antibody FMC63 and inserted
into lentiviral transfer plasmid
pHR’SIN-cPPT-SIEW (pSIEW)
upstream of IRES and EGFP

A kind gift from Dr.
Winfried S.Wels from
Georg-Speyer-Haus,
Institute for Tumor
Biology and Experimental
Therapy, Frankfurt,

pS-63.z-IEW sequences Germany
Expression of 2nd Generation
CAR (CD28 and CD3 {) with an | A kind gift from Dr.

pS-63.28.z-IEW

scFv fragment of CD19-specific
antibody FMC63 and inserted
into lentiviral transfer plasmid
pHR’SIN-cPPT-SIEW (pSIEW)
upstream of IRES and EGFP
sequences

Winfried S.Wels from
Georg-Speyer-Haus,
Institute for Tumor
Biology and Experimental
Therapy, Frankfurt,
Germany

Expression of 2nd Generation
CAR (CD137 and CD3 () with an
scFv fragment of CD19-specific
antibody FMC63 and inserted
into lentiviral transfer plasmid
pHR’SIN-cPPT-SIEW (pSIEW)
upstream of IRES and EGFP

A kind gift from Dr.
Winfried S.Wels from
Georg-Speyer-Haus,
Institute for Tumor
Biology and Experimental
Therapy, Frankfurt,

pS-63.137.z-IEW sequences Germany

Table 3.5. List of Oligonucleotides

Oligo Name SEQUENCE (5'to 3") Purpose of Use
PCR for isolation

19EcoRI Foward

TGCCGAATTCGCCACCATGGATTGGAT

CT

of scFv fragment
of CD19-specific
antibody FMC63
with forward
EcoRI cut site
from pS-63.z-IEW

19Sall Reverse

PCR for isolation
of scFv fragment

TTCGGTCGACACGGTCACGGTGGT | 3¢ D 19-specific

antibody FMC63
with reverse Sall

31




cut site from pS-
63.z-IEW

SFFV_Foward

TGCTTCTCGCTTCTGTTC

Sequencing of 3rd
Generation CAR

IRES Reverse

GCCCTCACATTGCCAAAA

Sequencing of 3rd
Generation CAR

Signal
Peptide Forward

ATGGATTGGATCTGGCGGAT

Confirmation of
NK-92 CAR cells

CD137 Reverse

CAGTTCACAGCCGCCTTC

Confirmation of
NK-92

CAR _CD137 CD
3( cells

CD28 Reverse

CCTTGGGGTCATGTTCATGT

Confirmation of
NK-92

CAR_CD28 CD3(
cell line

CD3IC Reverse

TTCATGCCGATCTCGCTGTA

Confirmation of
NK-92 CAR cells

3.1.11. DNA ladder

the DNA ladder used in this thesis is showed in Appendix C.

3.1.12. DNA sequencing

Sequencing service was commercially provided by McLab (http://www.mclab.com/),

CA, USA.
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3.1.13. Software, computer-based programs, and websites

Table 3.6. List of Software and Websites

Software/Websites Purpose of Use
Constructing vector maps, restriction
CLC Bio analysis, DNA sequencing analysis,

DNA alignments, etc

Tree Star Inc. Flow Jo

Analyzing flow cytometer data

http://www.ensembl.org/index.html

Human genome sequence information

https://www.addgene.org/

Plasmid map and sequence information

GraphPad Software, Inc., San Diego, CA,
USA

Data analysis, statistical analysis

https://primer3plus.com/

Designing oligonucleotides

http://cool.syncti.org/

Designing sequences for improved
expression of the protein within a
human

http://www.molbiotools.com/silentmutator.ht
ml

Choosing unique restriction enzyme to
design vectors

https://www.uniprot.org/

Human genome sequence information

3.2. Methods

3.2.1. Bacterial cell culture

Bacterial culture growth: Topl0 E.coli cells were cultured in LB media with Ampicillin

and cultured at 37°C, 16 hours and 220 rpm shaking. Cells were spread on Ampicillin

Petri dishes by the use of glass beads and incubated for 16 hours at 37°C . At the end of

the incubation, single colonie were picked from the plates. For glycerol stocks of bacteria,

a single colony was grown at 3 ml LB media at 37°C with 220 rpm shaking overnight

with 220 rpm shaking, end of the incubation culture was diluted 1:3 and culture at 37°C,

3 hours with 220 rpm shaking. Bacteria were taken at the log phase of growth and mixed

with glycerol in 1ml at final 10% (w/v) and preserved in cryotubes at -80°C.
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Preparation of competent bacteria: One tip from glycerol stocked of competent Top10

E.coli cells were incubated in 3 ml LB without any antibiotics at 37°C, with 220 rpm
shaking. After 4 hours of culture, they were transferred into a 250ml-flask with 50 ml LB
and grown overnight at 37°C with 220 rpm shaking. The following day, 4 ml of overnight-
grown culture was added into 400 ml of LB without any antibiotics in a 2L-flask and
incubated at 37°C with 220 rpm shaking until ODs9o is around 0.375. The culture is
aliquoted into eight 50ml-tubes and incubated on ice for 10 minutes. Cells were kept on
ice and centrifuged at 1600g for 10 minutes at 4°C. The supernatant was discarded, and
each pellet was resuspended in 10 ml of ice-cold CaClz solution and centrifuged at 1100g
for 5 minutes again at 4°C. The supernatant was discarded, and each pellet was
resuspended in 2 ml of ice-cold CaClz solution. Cells were kept on ice for 30 minutes and
combined in one tube and distributed into 200 pl aliquots that were snap-frozen in liquid

nitrogen and stored at -80°C.

Transformation of competent bacteria: Competent Top10 E.coli cells were kept in 200 pl

aliquots at -80°C. For each transformation, plasmid DNA and competent E.coli cells were
thaw on ice. Plasmid DNA was added to competent E.coli cells, cells were incubated on
ice for 30 minutes. The cells were taken to heat block at 42°C and immediately heat
shocked for 90 seconds on ice. 800 pnl of LB was added to each tube and competent cells
were incubated at 37°C water bath for 45 minutes. The cells were centrifuged at 13000
rpm for 1 minute and the pellet was resuspended in 100 pl LB to be spread on Petri dishes.
Glass beads were placed on ampicillin-LB agar Petri dishes. Plates were incubated at

37°C without shaking overnight.

Plasmid DNA isolation: Macherey-Nagel Mini-Midiprep Kits were applied according to
manufacturer’s protocols. The final DNA concentration and purity were measured by a

NanoDrop spectrophotometer.

3.2.2. Mammalian cell culture

Maintenance of cell lines: HEK293FT cells were maintained in complete DMEM
medium in sterile tissue culture flasks with filtered caps at an incubator set 37°C with 5%

COqz. Cells were split when confluency was reached maximum %90. Cells were washed
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with PBS and trypsin-EDTA (0.25%) was added to cell culture flasks and incubated at
37°C with 5% CO2 for maximum 5 minutes. Then the cells were resuspended in complete
DMEM and split at a 1:5 ratio and split every two days. NK-92 cells were maintained in
complete RPMI1640 with 1000 U/ml human Interleukin-2 (IL-2) in sterile tissue culture
flasks with filtered caps at an incubator set to 37°C with 5% CO2. NK-92 cells were
seeded in a density minimum 300,000 cells/ml with fresh IL-2 was added every 2 days.
Target cells (K562, Daudi, Namalwa) were maintained in a different complete RPMI11640
medium and cells were kept density minimum 300,000 cells/ml to maximum 1,000,000
cells/ml in their complete RPMI1640in sterile tissue culture flasks with filtered caps at
an incubator set to 37°C with 5% COa.

Cell freezing: Regardless of cell type, before one day cells were split to a concentration
0f'500,000 cells/ml for suspension cells and to a confluence of 30-40% for adherent cells.
The next day, cells were counted and at least 3x10° cells/ vial were frozen. Each vial has
I ml volume, cells were centrifuged at 300g for 5 minutes where supernatant was
discarded, and the pellet was resuspended in 0.5ml FBS and incubated on ice for 20
minutes. In the meantime, 0.5 ml FBS with 12% DMSO was prepared and incubated on
ice. When the incubation was over, 0.5 ml cell suspension was mixed with 0.5 ml freezing
medium to reach final concentration of 6% DMSO in 1 ml. Cells were stored in cryotubes
first in -80°C for short term storage, and after that they were placed to liquid nitrogen for

long term storage.

Cell thawing: Cells were preserved in cryotubes at the liquid nitrogen. 15 ml tubes were
filled with 5 ml FBS for every vial. When the cell suspension was at RT, 1 ml frozen
sample was pipetted very slowly into FBS then centrifuged at 300g for 5 minutes and the
supernatant was discarded. Regardless of cell type, the cell pellet was resuspended with

complete media.

3.2.3. Design and cloning of a new Chimeric Antigen Receptor Vector

Throughout this study, two types of cloning strategies were used: CAR3.137 was
synthesized by Genscript, USA into PUCS57 construct which is cloned into

LeGO.iG2puro vector for GFP expression and puromycin (puro) antibiotic selection
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marker and end of the first cloning we generated construct of LeGO-iG2puro.CAR3.137.
Second cloning strategy was an scFv fragment of CD19-specific antibody from pS-63.z-
IEW into LeGO-iG2puro.CAR3.137 for expression of CD19 specific 3™ generation CAR

by lentiviral transduction method.

3" Generation CAR design and codon optimization: CAR design was carried out using

human genome sequences for required genes retrieved from various references (Table
3.1.) Required CAR domains (Table 3.1) sequences were uploaded on Silent mutator
website (Figure 3.1.) for analysis and chosen from unique restriction enzyme which has
not cut site on LeGO-iG2puro for each domain. For improved expression of the proteins
within human, genes and possible restriction enzyme cut sites are codon-optimized by

using cool.syncti.org.

Fspl 71
Sacl 72
Apall 68
Pvul 7 Sspl 41 Apal 72 EcoRV 95
Afel 4 EcoRI 38 Agel 64 Asel 91
Acll 3 Nrul 16 BamHI 38 Narl 56 Sfil 67 Narl 68 Hindlll 88

M DWTIWRTIULTFTLVGAATG GAHSS SEROQKTLTISE
Bylll EcoRl Neol BssHII Xhol Psil

1 AAAAGATCTGAATTCGCCACCATGGATTGGATTTGGCGCATTCTGTTTCTGGTGGGCGCGGCGACCGGCGCGCACTCGAGCGAACAGAAACTTATAAGCG 100
TTTTCTAGACTTAAGCGGTGGTACCTAACCTAAACCGCGTAAGACAAAGACCACCCGCGCCGCTGGCCGCGCGTGAGCTCGCTTGTCTTTGAATATTCGC

Figure 3.1. Example view of Silent Mutator website. Use to show all enzyme that
we can use cut the Signal Peptide part of the Car Domain.
AAAAGATCTGAATTCGCCACC sequence for Bglll and EcoRI sites and Kozak
sequence, the part of starting MDW!I is the signal peptide part.

Digestion of LeGO.iG2puro vectors and CARI137-3 and ligation reactions:

LeGO.iG2puro plasmids were used for production of lentivirus by CaPOs transfection
methods on HEK293 FT cells. Backbone and insert CAR3.137 from PUCS57 were

digested and used in ligation reaction using the following digestion and ligation steps

Digestion of Backbone at 37°C, 1,5 hour

LeGO.iG2puro plasmid Sug
NEB BamHI-HF (10,000 U/ml) | 1 ul
NEB NotI-HF (10,000 U/ml) 1 ul
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NEB Cut Smart Buffer 3ul

ddH20 Up to 30 ul

Total volume 30 ul

1% Digestion of insert at 37°C, 45 minutes

PUC57.CAR.3.137 plasmid Sug

NEB Bgl II (5,000 U/ml) 1,5 ul
NEB 3.1 Buffer 2ul
ddH20 Up to 20 ul
Total volume 20 ul
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CD8 hinge CD28 T™M

61 aa (183 bp)

S-Myc-tag
11aa (33 bp)

A Signal peptide-S

19 aa (57 bp)

70 aa (210 bp)

69 aa (207 bp)

CD137

CD3z
113 aa (339 bp)

CD8a

CD28 (TM)

4-1BB

CD3¢

H om
For cloning into k ’ i .

BamHi site of
Lego-iG2puro

OPTION 1
(if scFv already has signal sequence)
Use EcoRl and Xhol for cloning of
scFv together with signal peptide
before SS-Myc tag

To remove or
change CD28

To remove or
change CD8

OPTION 2
(if scFv does not have signal sequence)
Use only Xhol for cloning of scFv between
the signal peptide and SS-Myc tag

3 different versions of the CAR vector to be constructed

B

To remove or
change 4-1BB

Lost after cloning
into LeGO-iG2puro

- S-m CD8a CD28 (TM) 4-1BB CD3¢ —
S-m CD8a CD28 (TM) 0X-40 CD3¢ —

|

Lost after cloning
into LeGO-iG2puro

sm| CD8a CD28 (TM) CD3¢

Lost after cloning
into LeGO-iG2puro

For cloning into
Notl site of
Lego-iG2puro

CAR3.137

(original design)

CAR3.40

(4-1BB exchanged

with OX-40)

CAR2

(4-1BB removed)

Figure 3.2. Development of novel CAR expression vectors. A) Cassette CAR Design.

Design of our 3" Generation CAR vector and restriction enzymes with the possibility

of changing, the vector can be used for cloning full scFv sequence with (option 1) or

without (option 2) the signal sequence directly before c-myc tag and can be used for

making 3 different versions of the CAR vector B) constructed original design

(CAR3.137), CD28-0X40-CD3( (CAR3.40) and 2" generation CAR with CD28-

CD3 ¢ (CAR2).
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Table 3.7. Chimeric Antigen Receptors Domains and Sequences

CAR Domains Full Name Protein Sequences of Domains Reference
Human Immunoglobulin Heavy Chain Signal g)rifgil;esnces 81;
Signal Peptide Peptide N-Terminal Signal Peptide VH 71- | MDWIWRILFLVGAATGAHS .
5°CL Immunological
Interest” 1984)
c-Myc tag - S-EQKLISEEDL (Killer et al. 2014)
. T-cell surface glycoprotein CD8 alpha chain | \; o\o\ry FSHFVPVFLPAKPTTTP APRPPTPAPTIASQPLSLRPEAS
CD8a (Hinge) Residues: 117-178 (Extracellular), RPAAGGAVHTRGL (Tonn et al. 2016)
UniProtKB - P01732 (CDS8A_HUMAN)
T-cell-specific surface glycoprotein CD28
Residues: 151-220  (Extracellular-Helical- | KPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNM
CD28 (Tonn et al. 2016)

Cytoplasmic), UniProtKB -
P10747 (CD28_HUMAN)

TPRRPGPTRKHYQPYAPPRDFAAYRS

CD137 (4-1BB)

Tumor necrosis factor receptor superfamily
member 9
Residues: 187-255  (Helical-Cytoplasmic),
UniProtKB - Q07011 (TNR9_HUMAN)

IISFFLALTSTALLFLLFFLTLRFSVVKRGRKKLLYIFKQPFMRPVQ
TTQEEDGCSCRFPEEEE GGCEL

(Tonn et al. 2016)

A chimeric T cell antigen receptor that

0X-40 augments cytokine release and supports the | RDQRLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKI (Pulé et al. 2005)
clonal expansion of primary human T cells
T-cell surface glycoprotein CD3 zeta chain | RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDP

CD3(¢ UniProtKB - P20963 (CD3Z HUMAN) | EMGGKPQRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG | (Tonn et al. 2016)

Residues: 52-163 (Cytoplasmic)

HDGLYQGLSTATKDTYDALHMQALPPR*
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For preparing 2™ digestion of the insert, Nucleo Spin® Gel and PCR Clean-up Kit were
used according to manufacturer’s protocol, Resultant elution concentration containing the

plasmid was measured by a NanoDrop spectrophotometer.

2" Digestion of vector at 37°C, 45 minutes

1" Digestion PUC57.CAR.3.137 | Apx.2 ug
plasmid

NEB NotI-HF (10,000 U/ml) 1 ul

NEB Cut Smart Buffer 2 ul
ddH>0 Up to 20 ul
Total volume 20 pl

After digestion reaction, the insert and backbone were loaded on %1 agarose gel which
was prepared with 0.5 TBE for at 90 min, 100 V. Resultant elution concentration

containing the plasmid was measured by a NanoDrop spectrophotometer.

CIP treatment of the backbone, 37°C, 30 minutes

All LeGO.iG2puro plasmid gel extraction | 30 ul

product (except 200 ng which were used for

ligation control)

NEB CIP (10,000 U/ml Depends ON the
molarity of the
DNA ends

NEB 10X Cut Smart Buffer 4 ul

ddH20 Up to 40 pl

Total volume 40 pl

To discard the CIP treatment, PCR Clean up (Nucleo Spin® Gel and PCR Clean-up Kit)
was used. Ligation reaction of PCR-Clean up extracted backbone and Gel extract was

carried out for 15 minutes at Room Temperature and 1 hour at 16 °C as follows:

CAR.3.137 gel extract 37,3 ng

PCR-Clean up product of CIP- | 100 ng
LeGO.iG2puro plasmid
NEB T4 DNA ligase 1,5 pl
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NEB 10X T4 DNA ligase buffer | 2 pl

ddH20 Up to 20 pl

Total volume 20 pl

Transformation and confirmation of positive colonies: For ligation samples, 10 pl of the

above-described ligation reaction was used to transform 200 pl TOP10 competent E.coli
cells. Next day, three colonies were picked from each transformation and miniprep
cultures were started. Minipreps for plasmid DNA were carried out the following day
with Macherey-Nagel commercial kit according to manufacturer’s protocol. Completed

minipreps were digested with a unique enzyme which is shown in Figure 1 A part.

Signal peptide

Kozak sequence

e N\
M DW I W..... A TG AHSS

AAA[AGA TCT|GAA TTQ GCC ACC ATG GAT TGG ATT TGG .......GCG ACC GGC GCG CA
TTT [TCT AGAICTT AAG|CGG T|GG TAC CJFA ACC TAA ACC .......CGCTGG CCG CGCGTE AGCTC
Bglll EcoRI Ncol Xhol

_‘
(@)
@
>
Q
(O NreY

The signal peptide sequence in the plasmidis _____---
discarded as a result of EcoRI/Xhol digestion SS-

Bglll site lost after cloning into
BamHl site of LeGO-iG2puro

M DWIWRILFLVGAATGAHS ..scFv..

CCC GGA TCT [GAA TTC |GCC ACC ATG G ..{C
GGGCCT AGA|CTT AAG|CGGTIGG TACC G AGCT
EcoRl Ncol Xhol
Use EcoRl site in the insert
Use Xhol site in the insert Use Sall site in the insert
if the last codon of scFv if the last codon of scFv
Bgll EcoRl Necol Xhol Sall can end with C can end with G

5. AGATCT...3 5...GAATTC...3] p...CCATGG...3 5...CTCGAG...3 5...GTCGAC...3
3...TCTAGA...5° 3...CTTAAG...5| B3...GGTACC...5 3...GAGCTC...5' 3...CAGCTG...5

Figure 3.3. Schematic representation of cloning with scFv which have already signal

peptide and LeGO.iG2puro.CAR3.137.

Polymerase Chain Reaction (PCR) of anti CD19 scFv from pS-63.z-IEW and Digestion
of LeGO.iG2puro.CAR3.137 backbone and scFV insert and ligation reactions:

Our anti CD19 scFv were coming from pS-63.z-IEW (Oelsner, 2017) and the last codon

of the scFv insert ends with G so we used Sall-EcoRI cloning.
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PCR for anti CD19 scFv

pS-63.z-IEW 100 pg
10 mM NTPs 1 ul
NEB 5X Q5 Reaction Buffer 10 pl

10 uM 19EcoRI Foward Primer | 2.5 pl
10 uM 19Sall Reverse Primer 2.5l
NEB Q5 High-Fidelity DNA | 0.5 ul

Polymerase
ddH20 Up to 50 ul
Total volume 50 ul
Condition of PCR
STEP TEMPERATURE TIME
Initial Denaturation 98 °C 30 seconds
30 Cycle 98 °C 10 seconds
66 °C 30 seconds
72 °C 20 seconds
Final Extension 72 °C 2 minutes
Hold 4 °C

After PCR, the insert was tun on %1 agarose gel which was prepared with 0.5 TBE at 90
V, 1 hour. Gel Clean Up ws done using Nucleo Spin® Gel and PCR Clean-up Kit.
Resultant elution concentration containing the plasmid was measured by a NanoDrop
spectrophotometer.

Digestion of anti CD19 scFv insert at 37°C, 1,5 hour

PCR product of scFV 2000 ng
NEB EcoRI-HF (10,000 U/ml) 1 ul

NEB Sall (10,000 U/ml) 1 ul

NEB Cut Smart Buffer 3wl
ddH20 Up to 30 pl
Total volume 30 ul

For preparing ligation of the insert, PCR-Clean up with using according to manufacturer’s
protocol Nucleo Spin® Gel and PCR Clean-up Kit, Resultant elution concentration

containing the plasmid was measured by a NanoDrop spectrophotometer.

Digestion of LeGO.iG2puro.CAR3.137 backbone at at 37°C, 1,5 hour

LeGO.iG2puro.CAR3.137 5000 ng
NEB EcoRI-HF (10,000 U/ml) 1l
NEB Xhol (10,000 U/ml) 1 ul
NEB Cut Smart Buffer 3ul
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ddH20 Up to 30 ul
Total volume 30 pl

After digestion, run the backbone on %1 agarose gel which was prepared with 0.5 TBE.
at 90 V, 1 hour. Gel Clean Up was done using Nucleo Spin® Gel and PCR Clean-up Kit.
Resultant elution concentration containing the plasmid was measured by a NanoDrop

spectrophotometer.

CIP treatment of the backbone, 37°C, 30 minutes

All  LeGO.iG2puro.CAR3.137 plasmid gel | 30 pl

extraction product (except 200 ng which were

used for ligation control)

NEB CIP (10,000 U/ml Depends on the
molarity of the
DNA ends

NEB 10X Cut Smart Buffer 4 ul

ddH20 Up to 40 pl

Total volume 40 pl

To discard the CIP treatment PCR Clean up using Nucleo Spin® Gel and PCR Clean-up
Kit was used
Ligation reaction of PCR-Clean up extracted backbone and Gel extracted insert was

carried out for 16 hours at 16°C as follows:

Anti CD19 scFVgel extract 21,24 ng

PCR-Clean up product of CIP- | 50 ng
LeGO.iG2puro.CAR3.137 plasmid
NEB T4 DNA ligase 1,5 pl

NEB 10X T4 DNA ligase buffer | 2 ul

ddH20 Up to 20 ul

Total volume 20 pl

Transformation and confirmation of positive colonies: For ligation samples, 10 pl of the

above-described ligation reaction was used to transform 200 pl TopTen competent E.coli

cells. Next day, three colonies were picked from each transformation and miniprep
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cultures were started. Minipreps for plasmid DNA were carried out the following day

with Macherey-Nagel commercial kit according to manufacturer’s protocol.

3.2.4. Production of lentiviral vectors

For the production of VSV-G pseudotyped lentiviral vectors; first, 100 mm dishes were
coated with 1ml Poly-L-Lysine solution (0.1% (w/v) in H2O and incubated for 15
minutes, washed 2 times with 5 ml sterile dd H20 and left with the lids open until dry.
5x10% HEK293FT cells were seeded into poly-L-lysine coated 100 mm dishes. Next day,
cells were transfected with 7.5 pg of vector plasmid (LeGO or pS-IEW vector), 3.75 pg
of pMDLg/pRRE, 2.25 ng of pRSV-REV and 1.5 pg of phCMV-VSV-G using calcium
phosphate transfection method. Plasmids were filled up to 450 pul dd H20 and 2.5 M CaClz
was added. 500 pl 2X HBS and plasmid mix were mixed by bubbling and incubated 15
minutes. In the meantime, the media of the transfection plates were changed with fresh
DMEM-Glutamax containing 25 uM Chloroquine. After 10 hours the medium was
changed with DMEM Glutamax and thereafter virus-containing supernatant was
collected at 24 hours and 36 hours, filtered with 0.45 pm filters and stored in -80°C until
further use. A small aliquot from each production was used to determine viral titers by

transduction of HEK293FT cells with serially diluted amounts of virus supernatant.

3.2.5. Lentiviral transduction of NK-92 cells

For each lentiviral transduction, 1 x10° / ml NK-92 cells were seeded in duplicates into
T25 sterile tissue culture flasks with filtered caps and mixed with 5 ml virus-containing
supernatant in the presence of 8 pg/ml of protamine sulfate and 1.5 uM (5Z)-7-
Oxozeaenol in a final volume of 6 ml. The flasks were incubated at 37°C, 5% CO?2 for
overnight. At the end of the incubation, virus transduced cells were collected and spun
down at 300xg for 5 minutes at room temperature after which the virus containing
supernatant was removed and replaced with fresh medium. The cells were maintained in

this medium for at least 3 days before the acquisition of gene expression was carried out.
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For controlling of CAR expression, RT-PCR was carried out. GM NK-92 Cells were split
24 hours before to 5x10%/ml in 6 ml. Zymo Research RNA isolation Kits were applied
according to manufacturer’s protocols. The final RNA concentration and purity were
measured by a NanoDrop spectrophotometer. RNA templates were used for the synthesis
of cDNA which was used for PCR to control the expression different CAR signaling
domains. RevertAid First Strand ¢cDNA Synthesis Kit was applied according to

manufacturer’s protocols.

PCR:
cDNAs of CAR modified NK-92 cells 1:10 dilution
10 mM NTPs 0.5 ul
NEB 5X Q5 Reaction Buffer Sul
Signal Peptide Forward 1.25 ul
CD137 or CD28 or CD3IC Reverse | 1.25 pl
Primer
NEB Q5 High-Fidelity DNA | 0.25 pul
Polymerase
ddH20 Up to 25 ul
Total volume 25 ul
Condition of PCR
STEP TEMPERATURE | TIME
Initial Denaturation 98 °C 30 seconds
30 Cycle 98 °C 10 seconds
63 °C 30 seconds
72 °C 20 seconds
Final Extension 72 °C 2 minutes
Hold 4 °C

3.2.6. Flow cytometry

All antibody staining for flow cytometry was done according to the following protocol:
For surface staining, the cells were washed once with PBS and incubated with appropriate
amounts of antibody on ice for 30 min. Cells were washed PBS and carried on to analysis.
The antibodies used for NK-92 cells were CD56 (clone: NCAM16.2), gating strategy was
the first on single cells then to CD56"e" GFP* cell percentage was shown in results. For
determination of possible target cells, CD19 (SJ25C1) was used. For checking chimeric

antigen receptor expression, anti-c-Myc Antibody (clone: 9E10) was used.
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GFP positive NK-92 Cells were sorted in 3x10° cells/ml, %1.5 BSA PBS. Then incubated
in RPMI 20%FBS with %1 Penicillin-Streptomycin.

For flow cytometer-based phenotyping of NK cell surface receptors, 2.5x10° cells/tube
were counted and incubated on ice for 30 minutes with MIXI or MIX II antibody mixture
(Table 3.8.). In the meantime, 2.5x10° cells/tube incubated with appropriate amounts of
all fluorochrome isotype control. FACS tubes were washed with PBS and proceeded to

acquisition in the flow cytometer.

Cells were acquired at LSR Fortessa, sorted at FACSAria Fusion and analyzed with

FlowlJo software.

Table 3.8. List of Antibodies that used for phenotyping analysis

Antibody Isotype Volume | MIX TUBE
Anti-human CD335 | BV510  Conjugated | 3 ul MIX I
(NKp46) (BV510, clone: | Mouse IgG1 k

9E.2)

Anti-human CD336 | PE/Cy7  Conjugated | 2 pl MIX 1
(NKp44) (PE/Cy7, clone: | Mouse IgG1 k

p44-8)

Anti-human CD337 | (APC Conjugated | 3 ul MIX I
(NKp,30) (APC, clone: | Mouse IgG1 k

P30-15)

Anti-human NKp80 (PE, | PE Conjugated Mouse | 3 pul MIX 1
clone: 5D12) IgGl x

Anti-human CD56 | BV421  Conjugated | 1 pl MIX I and MIX II
(Bv421, clone: NCAM | Mouse IgG1 x

16.2)

Anti-human CD160 (APC, | APC Conjugated | 5 pul MIX II
clone: BY55) Mouse IgM k

Anti-human CD244 (2B4) | PE Conjugated Mouse | 3 pl MIX II
(PE, clone: C1.7) IgGl x

Anti-human NKG2D | BV510  Conjugated | 5 pul MIX II
(Brilliant Violet 510™ | Mouse IgG1 k

clone:1D11)
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Anti-human CD2 | APC-Cy7 Conjugated | 2 pul MIX II
(APC/Cy7, clone: RPA- | Mouse IgG1 x
2.10)

3.2.7. Analysis of NK-92 cell degranulation

Effectors (GM NK-92 and WT NK-92) and Targets cells were seeded at 5x10° cells/ml
at 24 hours before the experiment. Cells were counted again at the experiment day and
concentration was adjusted to 2.5x10° cells/100 pl for each well of v-bottomed 96-well
plates. Then, NK-92 cells were co-incubated with target cells at a ratio of 1:1 in a final
volume of 200 pl in wells at 37°C and 5% CO2 for 1 hour. To block the CD19 on Target
cells, purified anti CD19 antibody was used before the co-incubation. PE/Cy7-conjugated
anti-CD107a mAb was added at the initiation of the assay and add Ionomycin (final
concentration 0.25 pg/ml) and Phorbol 12-myristate 13-acetate (PMA)(Final
concentration 1.25 pg/ml) for positive control wells. After 1 hour of coincubation,
Monensin was added at a 1:100 dilution and the plates were incubated at 37°C and 5%
CO2 for a further 3 hours. When incubation was finished, plates were taken out and
centrifuged at 400g for 5 minutes at 4°C. Supernatant was discarded and stained with
1:50 dilution of APC-conjugated anti-CD56 mAb in PBS, resuspended and incubated on
ice for 30 minured in dark. At the end of staining, cells were centrifuged and the
supernatant discarded., Finally, they were resuspended in PBS and proceeded to

acquisition in the flow cytometer

3.2.8. Intracellular TNF-a and IFN- v staining

TNF-a and IFN-y secretion was analyzed with the same protocol as degranulation except
the addition of the anti-CD107a mAb at the initiation of the experiment. When incubation
was finished, the plate were taken oyr and centrifuged at 400g for 5 minutes at 4°C. The
supernatant was discarded and cells were stained with 1:50 dilution Fluorochrome-
conjugated anti-CD56 mAb in PBS. For intracellular staining, cells were fixed and

permeabilized in a solution containing 1% PFA containing 0.01% w/v Saponin in DPBS
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and incubated on ice for 15 minutes, washed two times with Permeabilization Wash
Buffer and incubated with appropriate amounts of antibody on ice for 30 min. The stained
cells were then washed with Permeabilization Wash Buffer and data acquisition was

carried out in flow cytometer.

3.2.9. Statistical analysis

For the preparation of graphs and statistical analysis, GraphPad Prism (GraphPad
Software Inc. La Jolla, CA, USA) was used.
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4. RESULTS

4.1.Cloning of the new Chimeric Antigen Receptors Vectors

For first ligation reaction, backbone LeGO.iG2puro (8445 bp) was digested by BamHI-
HF and NotI-HF enzyme (Figure 4.1.A) and Insert CAR3.137 (1050 bp) was digested
from PUC57 with NotI-HF and BglIl enzyme (Figure 4.1.B).

MarkeruncuﬁB;mT' BamHI| Notl || Gel Extraction
ot

A

10000 bp
7000 bp L

Figure 4.1. Gel image of Double Digestions of backbone LeGO.iG2puro
and insert CAR1373. A ) Digestion of LeGO.iG2puro with BamHI and
Notl B) Digestion of insert CAR137.3 with BglIl and NotI

After setting up the ligation as described in Materials and Methods, samples were used to
transform E. coli cells. Next day, three colonies were picked from each transformation

and miniprep cultures were started and controled with digestion.

For second ligation reaction, confirmed backbone LeGO.iG2puro.CAR (9431 bp) was
digested by EcoRI-HF and Xhol enzyme (Figure 4.2) and insert scFV-antiCD19 (778 bp)
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was generated with PCR from pS-63.z-IEW followed by digestion with EcoRI-HF and
Sall enzyme (Figure 4.3.).

PCR

ﬁ product| Gel Extraction DD | Gel Extraction B

NEFURTT O
-

1000 bp
700 bp

Figure 4.2. Gel image of Double Digestion of PCR product and
LeGO.iG2puro.CAR A. PCR product (anti CD19 scFv with Signal peptide from
pS-63.z-IEW plasmids ), B.LeGO. iG2 puro

After setting up the ligation as described in Materials and Methods, samples were used to
transform E. coli cells. Next day, three colonies were picked from each transformation
and miniprep cultures were started and controled with digestion. Confirmed
LeGO.iG2puro.CAR and LeGO.iG2puro.CAR-19 colonies were used for lentiviral

vectors production (Figure 4.3.).
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P ———————————— : 1°'iG2puro 2iG2 2"7iG2
S-Hindlll | LEGILEIIEGTE]) iG2puro CAR clARiu ° cIARf)zuro CAR-3
iG2puro iG2pur oiGZpurO SHindill - S Hindill - SHindill - S Hindill - S-Hindil -
CAR

CAR iG2puro
2883

1884

1778

1210

778 785 778

672
594

560

Figure 4.3. Examples of the control digestion of LeGO.iG2puro.CAR and
LeGO.iG2puro. S is the single digestion with HindIIl and DD is the double
digestion with HindIII and Hpal. Left side is the expected band size. Right side is
the gel image. We repeated cloning two times and did control digestion both of

them (1% and 2™ LeGO.iG2puro.CAR)

4.2.Production of lentiviral Vectors

For comparison of different signaling domains on NK-92 cells, we used five different
lentiviral constructs (Figure 4.4.). Codon optimized sequences of 3" Generation CAR
was cloned into LeGO backbone with eGFP. 1 and 2" Generation CAR vectors are
developed by Tonn et al. . For the production of VSV-G pseudotyped lentiviral vectors,
we used HEK293FT cells and also determine viral titers by transduction of HEK293FT

cells with serially diluted amounts of virus supernatant (Table 4.1.).

51



LeGO-iG2puro.CAR3.137

—1 SSFV [ SP (M| CD8a CcD28 CD137 CD37 IRES EGFP —
LeGO-iG2puro.CAR3.137-19
—1 SSFV [—] SP scFv M| CD8a CcD28 CD137 CD37 IRES [— EGFP —
| R |
extracellular ™ intracellular
pS-63.z-IEW
—1 SSFV [— SP scFv M| CD8a CD37 IRES EGFP —
| H—
extracellular TM intracellular
pS-63.28.z-1EW
—1 SSFV [—] SP scFv M| CD8a CcD28 CD37 [— IRES EGFP —
| n |
extracellular TM intracellular
pS-63.137.z-IEW
—1 SSFV [—1 SP scFv M| CD8a CD137 CD37 [— IRES EGFP —
| || |
[ 1
extracellular TM intracellular

Figure 4.4. Lentiviral constructs. Lentiviral constructs were used for lentivirus.
SFFV: Spleen focus-forming virus promoter, IRES: Internal ribosome entry site,
SP: An immunoglobulin heavy chain signal peptide, M: Myc-tag, TM :
Transmembrane, scFv: single chain variable fragment, EGFP: enhanced green

fluorescent protein.
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Table 4.1. Titration of Lentiviruses

Titration Table

Average number of infectionus

Number IName of the Lentiviral Vector  |Collection Time ) p
of Batch particles x 10°/ml
Bl LeGO-G2 24 Hour 3,82
B2 LeGO-G2 36 Hour 1,65
B3 LeGO-G2 36 Hour 2,1
Bl LeGO-iG2puro 24 Hour 0,52
BI LeGO-iG2puro.CAR3.137 24 Hour 047
Bl LeGO-iG2puro.CAR3.137-19 |24 Hour 0,54
Bl pS-63.z-1IEW 24 Hour 0,77
B2 pS-63.z-IEW 36 Hour 0,23
B3 pS-63.z-IEW 24 Hour 0,61
B1 pS-63.28.z-1IEW 24 Hour 0,35
B2 pS-63.28.z-IEW 36 Hour 0,172
B3 pS-63.28.z-IEW 24 Hour 0,52
Bl pS-63.137.z-IEW 24 Hour 0,9
B2 pS-63.137.z-IEW 36 Hour 0,37
B3 pS-63.137.z-IEW 24 Hour 131
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4.3.Genetic Modification of NK-92 cells

Genetic Modification of NK-92 cells:

Transduction with the vectors
LeGO-iG2puro.CAR3.137
LeGO-iG2puro.CAR3.137-19

NK-92 Cells

| o/n transduction with OXO

NK-92 CAR_LeGO-iG2puro.CAR3.137
NK-92 CAR_LeGO-iG2puro.CAR3.137-19

GFP (CAR)

pS-63.2-IEW
pS-63.28.2-IEW
pS-63.137.2-IEW

Transduction with the vectors

NK-92 CAR_CD3(

|PuromycinSeIection |

CAR_NK-92 Cells

After 10 days

GFP (CAR)

FACS

NK-92 Cells

I o/n transduction with OXO

APC-CD56

NK-92 CAR_CD28_CD3
NK-92 CAR_CD137-CD3

6,03

GFP (CAR)

aCD19_CAR NK-92 Cells

APC-CDS6
=u
sl

ol
3

10

GFP (CAR)

Figure 4.5. Genetic modification process of NK-92 with lentiviral vectors and

sorted with puromycin selection or FACS.

In a standard transduction experiment, cells were incubated with lentiviral vector-
containing supernatant for overnight and green fluorescence protein-positive (GFP")
population was analyzed 3 days after transduction by flow cytometry (Figure 4.6). For
flow cytometric analysis of NK-92 transductions, cells were stained with anti-CD56
antibody. After 3 days, we started selection with puromycin (Figure 4.6.) or cells were
sorted by FACS. We used all produced viruses for NK-92 transduction and obtained
different transduction results (Table 4.2.). When GFP expressing cells surpass 90%, we

accepted CAR transduced cells are selected. Further experiments were used to confirm
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CAR expression on cell surface and signaling domain expression. Transduction

experiments were repeated 3 times (B1, B2 and B3) for controlled study.

Table 4.2. Results of +GFP the transduction and selection/sorting

. After
Transduction Selection or
MOI Results c
Batch (GFP+%) Sorting
Number | Name of the Cells E (GFP + %)

Puromycin
NK-92 iG2puro 2,5 254 99,7 Selection
Puromycin
NK-92 iG2puro.CAR3.137 2,5 s %81 Selection
Puromycin
Bl NK-92 iG2puro.CAR3.137.19-1 2,5 22,3 98,5 Selection
207 08 Puromycin
NK-92 iG2puro.CAR3.137.19-2 2.5 ’ Selection

NK-92 CAR CD3( 3,5 9,2 94,6 FACS

NK-92 CAR CD28 CD3{ 1,75 6,1 95,2 FACS

NK-92 CAR CD137 CD3( 4,5 10 93,4 FACS

NK-92 G2 5 18 93,2 FACS

B2 NK-92 CAR CD3( 1,1 1,8 93,7 FACS

NK-92 CAR CD28 CD3{ 1 1,5 91,2 FACS

NK-92 CAR CD137 CD3( 1,8 15 94,5 FACS

NK-92 G2 10 66 92 FACS

B3 NK-92 CAR CD3( 3 8 90,7 FACS

NK-92 CAR CD28 CD3{ 2,5 5 91,2 FACS

NK-92 CAR CD137 CD3¢ 6,5 18 91,8 FACS

Genetic modification of NK-92 cells with CAR vectors was efficient and enrichment of

cells was feasible both by FACS and puromycin selection.
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Confirmation of CAR Modified NK-92 Cells:

For detection of CAR expression on NK-92 cell surface, transduced NK-92 cells and wild
type NK-92 cells were stained with anti-c-myc antibody then analyzed with flow
cytometer (Figure 4.7.). Unfortunately, we observed that NK-92iG2puro.CAR3.137 and
NK-92 iG2puro.CAR3.137.19 did not express c-myc tag on the cell surface. The plasmids

were sent for sequencing.

NK-92 NK-92 NK-92
WT NK-92 LeGO-iG2puro LeGO-iG2puro.CAR3.137 LeGO-iG2puro.CAR3.137-19

Q2

wat 105301
046 10,016

40,030

o

|‘(34
10 Jo07 =

Q3

Q4 Q3 104
9.4 10 3162

1

- 982 10'q

B~ 2 | o
SRR

1 2 3 4
10 10 10 10 10 1 2 3 4 1 2 3 4 5 2
10 10 10 10 10 10 10 10 10 10 10' 10° 10 10 10

NK-92 CAR_CD137-CD37

Alexa Fluor 594 c-Myc

GFP (CAR)

Figure 4.6. Confirmation of c-Myc expression on CAR NK-92 cell surface.
Three batches of transduced cells were prepared and analyzed by RT-PCR to confirm the

proper expression of signaling domains (Figure 4.8.). The results showed that B1 and B3

cells show signs of cross-contamination while B2 cells were confirmed.
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Signal Peptide_Fwd ' Signal Peptide Fwd |
CD37_Rev i |

M WT 287 6371377 |WT 287 637 1377 WT 637 287 137C

1500 bp
1000 bp

1500 bp
1000 bp

1500 bp
1000 bp

Figure 4.7. Confirmation of signaling domain expression on CAR NK-92 cells.

Flow cytometer-based Phenotyping Analysis:

Transduced NK-92 Cells were stained with different NK receptor specific antibodies
(Figure 4.9.). The phenotyping results show that the use of different signaling domains in
the vector influence the NK cell phenotype. We compared the results of receptor
expression with isotype controls and observed significant change in the phenotype of
CAR modified NK-92 cells (Figure 4.10.). For example, NKp30 and NKp80 receptors
were shown to be downregulated in CD28-containing CAR while they were upregulated

in CD137-containing CAR when compared to WT NK-92.

57



Count

Count

S .
100

NKp30 - APC

107

Ty

T
N 4
0 10

CD2 - APC-Cy7

10°

Count

Count

0

T
4
10

v
10

NKp44 - PE-Cy7

Count

Count

10C “\ 10
o] || E ow
H 3
40 / O 40
»f |
0 / ,'\ J
" T34 5 - 3 4 5
0 10 10 10 10 10 10
NKp46 - BV510 NKp80 - PE
100 !
80 80
€ i
3
o
a0 O 40
20
',; ' 10° 10° - 0 "(‘l Wm;‘
CD160 - APC NKG2D - BV510

Figure 4.8. Examples data of the Phenotyping Analysis for NK92.28.CD3{ cells

Relative expression

Q
&
S

NK-92 WT

NK-92 G2

NK-92 CAR_CD3{
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Figure 4.9. Mean fluorescence intensity (MFI) stained vs MFI isotype control
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4.4.Functional Analysis of Genetically Modified NK-92 Cells

4.4.1. Degranulation of CAR-expressing NK-92 Cells

K562 DAUDI NAMALWA
800 | ﬁ 0
00
» h ' a fl
g - (| h 2] f
Y— Ll f \ |
o i ‘ |
— 400 ' ’ " i | |
g | ' - ‘ 1 9 |' |
g 200 -1 | (l "‘ Iy |
b4 | = [ \ 200 |
| o \
O I .":‘., ey @ Srrm v ol - '
' mz |:|3 0 ws w' '!: 'E, '"1‘01 "lmz W‘ma "lma ' ‘ms
BV510CD19

Figure 4.10. CD19 expression of Target Cells. Red line shows unstained and blue

line shows CD19 expression levels.

To investigate the functionality of the CAR-modified NK-92 cells. We used CD19- K562
cell line and CD19+ Daudi and Namalwa cell lines (Figure 4.10) Recognition of CD19 is
required for specific CAR cytotoxicity.

In flow cytometer-based degranulation assays (Figure 4.11) we used anti CD107a

antibody to determine percentage of degranulation. Effectors and target cells ratio (E/T)
is 1:1.

SSC-A

FSCH
H
APC-CDS56
3
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Figure 4.11. Degranulation examples of NK-92 cells
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Figure 4.12. Degranulation results of 1% Batch CAR modified NK-92 Cells

We see a strong response against CD19+ cell lines Daudi and Namalwa by both the 1
gen vector as well as the CD28C vector while the CD137C vector fails to trigger any
degranulation in this setting where Batch 1 CAR modified cells which showed signs of

cross contamination were used (Figure 4.11).

In Batch 3 cells (also cross contamination) we see the strongest response against CD19+
cell lines Daudi and Namalwa 1% generation vector and second highest response in
CD28¢ vector while the CD137C vector also trigger degranulation in this setting (Figure
4.13).
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Figure 4.13. Degranulation results of 3" Batch CAR modified NK-92 Cells

60



1004

W NK-92 WT
B NK-92 LeGO-G2
80' [l NK-92 CAR_CD3¢
@ | I NK-92 CAR_CD28_CD3{
] [l NK-92 CAR_CD137_CD3Z
N ;
(2]
w 60-
5 ]
+
Q) J
5
S 40
Q -
o
32 d
20+
o-
No target K562 DAUDI NAMALWA PMA/IO
100~
R NK-92 WT
= NK-92 LeGO G2
Hl NK-92 CAR_CD3¢
BN NK-92 CAR_CD28 CD3( T
» S0 HE NK92CAR CD137_CD3
®
(3]
S
!I 60'
P4
+
©
[
© 40+
o
(&)
X
204

no target K562 Daudi Namalwa PMA/IO

Figure 4.14. Degranulation results of 2" Batch CAR modified NK-92 Cells. Top
graphic is the first degranulation experiment, bottom graphic is the second

degranulation experiments.

In Batch 2 cells, which are non-contaminated, we see a strong response against CD19+
cell line Namalwa by both the 1st gen vector as well as the CD28 vector and also to some
extent by the CD137 vector (Figure 4.14). In Daudi cell lines, we observed that they lost

CD19 expression during culture so they failed to trigger CAR-mediated responses.
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Figure 4.15. CD19 blocking Degranulation Results

To show CAR modified NK-92 specific activity against CD19, we did blocking
degranulation experiments with Namalwa cell line and NK-92 CAR CD28 CD3C.

The anti-CD19 antibody blocks CAR-NK-92 degranulation against CD19+ targets only
to a certain extent (Figure 4.15). This could be due to the wrong choice of antibody clone

for blocking experiments.

4.4.2. TNF-0 and IFN-y Secretion of CAR-expressing NK-92 Cells

818 984 18,1

SSC-A
FSC-H
GFP (CAR)
SSC-A

™ — T .
A0 ° 10 10 10 10
FSC-A FSC-A PE/Cy7 CD56

Figure 4.16. Examples of TNF-a Secretion of CAR-expressing NK-92 Cells
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In flow cytometer-based cytokine secretion assays (Figure 4.16) we used anti TNF a
antibody to determine percentage of TNF o secretion with intracellular stanning.

Effectors and target cells ratio (E/T) are 1:1.
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Figure 4.17. TNF-a Secretion of CAR-expressing NK-92 Cells

CAR vector containing CD137 intracellular domain fails to trigger TNFa secretion and
CD28 does not increase the TNF a response compared to CD3( only (same as 1% batch’s

degranulation) (Figure 4.17.)
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Figure 4.18. Examples IFN- y of Secretion of CAR-expressing NK-92 Cells
In flow cytometer-based cytokine secretion assays (Figure 4.18) we used anti IFN- y

antibody to determine percentage of IFN- y secretion with intracellular stanning.

Effectors and target cells ratio (E/T) are 1:1.
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Figure 4.19. IFN-y of Secretion of CAR-expressing NK-92 Cells

CAR vector containing CD137 intracellular domain fails to trigger IFN-y secretion same
as TNFa secretion (Figure 4.19). CD28 increases the IFN -y response compared to CD3(
only.
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5. DISCUSSION & CONCLUSION

Cellular immunotherapy frequently relies on the transfer of autologous or allogeneic
immune effector cells for therapeutic purposes. While these cells can simply be isolated
and infused, efficient immunotherapy protocols also include certain steps where the
effector cells are expanded ex vivo and/or genetically modified to increase their activity
of specificity. Among the effectors used for cancer immunotherapy NK cells stand out
with their high anti-tumor activity. While preclinical and clinical research on primary NK
cells continues to deliver promising results, another source for NK cell-based
immunotherapy stands out in the form of the NK-92 cell line that has many advantages

compared to primary cells (Maki et al. 2001).

In this study, we used NK-92 cells engineered with different CARs targeting the same B-
cell differentiation antigen (CD19) which is shown to be a clinically relevant target in B
cell malignancies. CD19 is a tumor associated antigen which is already used for clinical
CAR-T cell treatments and serves as a model in our research to optimize intracellular

design of CAR vectors tailored for use in NK cells.

To investigate CAR-NK92 cells, CAR vector is consisted of CD19 specific scFv and
CD8a hinge region either linked to CD3( or additionally CD28 or CD137 co-stimulatory
domains. A survey of existing literature shows that CD28 and CD137 are frequently used
in CAR designs. CAR-modified NK-92 cells are obtained with lentiviral transduction
followed by puromycin selection or FACS sorting. We displayed stable CAR expression
on cell surface following this procedure. To investigate the functionality of CAR
modified NK-92 cells we used CD19 expressing B cell lymphoma cell lines and measured

functionality with degranulation and cytokine secretion experiments.
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Based on our findings, NK-92 CAR CD137 CD3( cells were less effective than NK-
92 CAR_CD3( and NK-92 CAR CD28 CD3{ in degranulation as well as TNFo and
IFN-y secretion. NK-92 CAR CD3( cells showed slightly higher degranulation profile.
This may be the result of differences in the CAR signaling depending on the internal
design of the transgene. NK-92 CAR _ CD3( has the intracellular signaling domain of
CD3{ which was shown to cause formation of disulfide links between CAR homodimers

and heterodimers (Uherek et al. 2002; Schonfeld et al. 2015).

CAR CD137 CD3¢, CD28 CD3(, and only CD3( contain same anti CD19 scFv and
same CD8a hinge region which plays a critical role in flexibility of the antigen binding
domain that determines possible scFv-dependent effects. Also, target antigen plays a big
role in activation of CAR (Hombach et al. 2007). Thus, the CAR vectors with different
targets should be evaluated among themselves and direct comparison of internal vector
designs can only be achieved by using the same antigen binding domain. Furthermore, it
is possible that the antigen binding domain affects the intracellular design which means
that the most effective intracellular design can be different for different antigens. For
example, ErbB2-targeted CD28-CD3( and CD137-CD3({ CARs displayed more certain
cytotoxicity (Schonfeld et al. 2015).

Among the CAR-expressing NK cells obtained in this study, the first-generation vector
seems to increase unspecific activity against CD19- K562 cells. The other vectors do not
have this effect. We see a similar loss of specific activity when we overexpress CD3( in
NK-92 cells for TCR expression (Parlar et al. 2019). Since CD3( is coupled to some NK
cell activating receptors, we observe that its overexpression increases general activation
of NK cells by affecting the cell surface levels of CD3(-coupled NK cell receptors. We
suspect that we are seeing a similar effect here in the first-generation vector where the
CD3( sequence utilized in the design is longer and includes the transmembrane domain
that it uses to couple to NK receptor. In contrast, the other two vectors do not utilize CD3¢
transmembrane domains, hence are less likely to couple to NK cell receptors and affect
their surface expression levels. For clinical use of these cells, strict characterization of

these phenotypic effects on NK cells must be carried out for each vector.
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Table 5.1. Comparison of different chimeric antigen receptors

Vectors
CAR.37 CAR.28.37 CAR.137.37
Signal Peptide + + +
CD8a + +
Parts of the CAR CD37 + + +
CD28 S +
CD137 - - +
T cell signaling
Daudi
Degranulation Namalwa
K562
Daudi
TNF secretion Namalwa
K562
Daudi

IFN secretion Namalwa
K562

When the data collected from different CAR designs are summarized, we can clearly see
that the CD28C vector works better in NK-92 cells (Table 5.1). The first-generation vector
seems to increase nonspecific activity in terms of both the degranulation and TNF
secretion. The CD137¢ vector on the other hand does not seem to trigger high levels of

antigen specific activation in NK-92 cells.

In Tonn et al. 2016, similar results were obtained also with primary NK cells and the
authors reported that the 1 generation vector may be activated more rapidly in lower

antigen densities than the others due to formation of disulfide bonds.

On the other hand, the newly designed CAR vectors failed to express c-myc-tag on the
cell surface and degranulation is also failed. Our initial assessment reveals cloning steps
during the preparation of the new vector may be a problem. Further studies to functionally

clone the new vectors and use them for CAR expression in NK-92 cells are warranted.

In future works, we have in view to find and solve the problem of lab made constructs of
3 Generation CAR vectors and also further characterize for effector functions especially
by flow-cytometry based cytotoxicity assays. We plan to repeat TNF-a and IFN-y
secretion experiments with new methods and anti CD 19 blocking experiments with a new
antibody clone. Regarding further applications, other studies in our group will use the
CAR vectors generated in this research to engineer new CAR NK-92 cells against various

tumor antigens.
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APPENDIX A: Chemicals Used in This Study

Table A1. Chemicals used in this study.

Chemicals and Media Components

Company
Agar Sigma, Germany
Agarose Sigma, Germany
Ampicillin GellGro, USA
Boric Acid Sigma, Germany
Bovine Serum Albumin (BSA) Sigma, Germany
Chloroquine Sigma, Germany
Distilled Water Merck Milipore, USA
DMEM GIBCO, USA
DMSO Sigma, Germany
DNA Gel Loading Dye, 6X NEB, USA
DPBS Sigma, Germany
EDTA Applichem, Germany
Ethanol Sigma, Germany
Ethidium Bromide Sigma, Germany

Fetal Bovine Serum

GIBCO, USA

HEPES Solution, | M

Sigma, Germany

Interleukin-2

Proleukin, Novartis

Ionomycin from Streptomyces conglobatus

Sigma, Germany

Isopropanol

Sigma, Germany

LB Broth

Sigma, Germany

L-glutamine, 200 Mm

Sigma, Germany

MEM Vitamin Solution, 100X

GIBCO, USA

MEM Non-essential Amino Acid Solution

GIBCO, USA

2-Mercaptoethanol

Sigma, Germany

Methanol Sigma, Germany
Monensin Biolegend, USA
NaCl Sigma, Germany

(57)-7-Oxozeaenol

Sigma, Germany

Penicillin-Streptomycin

Sigma, Germany

PFA

Biolegend, USA

Phorbol 12-myristate 13-acetate (PMA)

Sigma, Germany

PIPES

Sigma, Germany

Poly-L-Lysine

Sigma, Germany

Protamine Sulfate GIBCO, USA
RPMI-1640 GIBCO, USA
Saponin Sigma, Germany
Trizma Sigma, Germany
Trypsin EDTA GIBCO, USA
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APPENDIX B: Equipment Used in This Study

Table BI. Equipment used in this study

Equipment

Company
Autoclave Hirayama, HiClave HV-110, Japan
Balance ISOLAB, 302.31.002, Germany
Eppendorf, 5415D, Germany
E f, 2
Centrifuge ppendorf, 5702, Germany

VWR, MegaStar 3.0R, USA
Beckman Coulter, Allegra X-15R, USA

CO2 Incubator

Thermo Fisher, Heracell Vios 1601, USA
Binger, Germany

Automated Cell Counter

Thermo Fisher, Countess II FL, USA

Deep freezer

-80°C, Forma, Thermo ElectronCorp.,USA
-20°C, Bosch, Turkey

Electrophoresis Apparatus

Biorad Inc., USA

Filters (0.22 mm and 0.45mm)

Merck Millipore, USA

Fluorescence-activated cell sorting

BD Aria Phusion, USA

Flow cytometer

BD LSR Fortessa, USA

Gel Documentation

Biorad, UV-Transilluminator 2000, USA

Heater Thermomixer Comfort

Eppendorf, Germany

Hemocytometer

ISOLAB, Neubauer, 075.03.001, Germany

Ice Machine

Scotsman Inc., AF20, USA

Incubator

Memmert Modell 300, Germany

Laminar Flow

Heraeus, HeraSafe HS 12, Germany
Heraeus, HeraSafe KS, Germany

LightCycler® 480

Roche, Switzerland

Liquid Nitrogen Tank

Taylor-Wharton, 300RS, USA

Magnetic Stirrer

VELP Scientifica, Italy

Microliter Pipettes

Gilson, Pipetman, France
Thermo Fisher Scientific, USA

Microscope

Zeiss, Primo Vert, Germany
Zeiss Observer Z1, Germany

Microwave Oven

Bosch, Turkey

pH Meter Mettler Toledo, USA

Refrigerator Bosch, Turkey

Shaker Incubator New Brunswick Sci., Innova 4330, USA
New Brunswick Sci., USA

Spectrophotometer NanoDrop 2000, Thermo Fischer Scientific,
USA

Thermocycler Eppendorf, Mastercycler, Germany

Vortex VELP Scientifica, Italy
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APPENDIX C: DNA Ladder Used in This Study

GeneRuler™ 1 kb Plus DNA Ladder
0’GeneRuler™ 1 kb Plus DNA Ladder,
ready-to-use
bpng05pg %
20000 200 40
/ 10000 200 40
7000 200 40
~ 5000 750 150
4000 200 40
73000 200 40
B — 2000 200 40
% 1500 800 16.0
§ — 1000 250 50
§ 700 250 50
3 - 500 750 150
pre — 400 250 50
— 300 250 50
- —200 250 50
2 — 75 2650 50
k3
&
0.5 padane, & cm lenath gel,
1XTAE, 7 Vem, 45 min

Figure C1. DNA ladder used in this study
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APPENDIX D: Plasmid Maps

CMwW

AmpR

RRE

3'SINLTR

LegoiG2puro_CAR_casette_3.137_CD19

10,237bp SFEV

Forward primer region
SFFVfwd primer
Kozak
Forward
Insert
scFvincl signal
Signal peptide
Myctag

1 . Reverse
EGFP CD8 Hinge
7 Insert
CD28
CAR
CD137 (4-1BB)
CD3zeta
Reverse primer region
IRESrev primer

puroR-

Figure D1. The vector map of LeGO-iG2puro.CAR3.137-19

AmpR \ Chw

%RRE

3'SINLTR

LegoiG2puro_CAR_casette_3.137
9,496bp

SFFV

Forward primer region
SFFViwd primer
Signal peptide

Myc tag

CD8 Hinge

Insert

CD28

puroR

CAR
CD137 (4-1BB)

EGFP

CD3zeta

IRES

Reverse primer region
IRESrev primer

Figure D2. The vector map of LeGO-iG2puro.CAR3.137

84



3'SIN

WPRE

EGFP
SF1

IRES (EMCV)ﬂ

CD3 zeta TM-IC
Sequencing Data
CD8a Hinge

c-myc
aCD19.hCD8.hzeta
Sequencing Data
aCD19 scFv

pSIEW_63.zeta
12,248bp

CAAT—M8M———

1667_SFFV
SA

RRE
oi— W 5LTR
PBS R
gag del ~ us
sd polyAsig

Figure D3. The vector map of pS-63.z-IEW

3'SIN

WPRE

EGFP
SF1

IRES (EMCV)

~ 10000
Sequencing Data_Reverse pSIEW_63.41zeta
hCD8a hinge 12,336bp
aCD19.hCD8.h41BB.hzeta
Sequencing Data_Forward
CAAT
1667_SFFV
SA g
RRE— @ —
psi ﬁ 'n“"
gag del ¢ =
sd us
polyAsig

Figure D4. The vector map of pS-63.137.z-IEW
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3'SIN

EGFR /
EMCV IRESﬂ

CD3zetalC
Sequencing Data
CD28 TM-IC
CD8a hinge

pSIEW_63.28.2\fr
12,389bp

anti-CD19 scFv
Sequencing Data_Forward

SP

‘ 5LTR

Figure D5. The vector map of pS-63.28.z-IEW

"pGEX_3_primer"

"AmpR_promoter” "M13_forward20_primer”
"M13_pUC_fwd_primer”
“lacZ_a"
"ORF frame 3"
“Ampicillin™

pUC57_U416GEC130-1
3,914bp

Snythesis fo 0X-40
"M13_pUC_rev_primer"

v \'Iac _promoter”
"M13_reverse_primer”

Figure D6. The vector map of PUC57.CAR.3.137
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AmpR CMW
FRRE
3 SINLTR LegoiG2puro
8,503bp
SFFV
Forward primer region
SFFVfwd primer
Reverse primer region
puroR: IRESrev primer
IRES
EGI
Figure D7. The vector map of LeGO-iG2puro
AmpR_promoter
AmpR CMV promoter

LeGO-G2
7,137bp

EcorV}

Figure D8. The vector map of LeGO-G2
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Bam H1(2)
Neo 1(21)
Sty 1(21)
Bam H1(33)

Sca 1(8454) Spe 1(176)
puUC19 Nde 1(411)
Not 1(6953) cMV
Spe 1(6946) Sna Bl (517)
Poly A Neo 1(537)
Sty 1(6467) Sty 1(537)

Sty 1(6275) Sac 1(745)
Eco R1(6158) Asp 718 (848)
Sty 1(6055) ? Kpn 1(852)
" RRE [7 PMDLg pRRE ssr 1(858)

Sty 1(5787) -j‘_ 8895 bp | sD
Not 1(5768) | Bam 111 (860)
Eco R1(5757) | SA

Sca 1(5252) Feo R1(1416)
Sca 1 (4879) ‘N('o 1(1436)
Sty 1(1436)
Cla 1(1479)
Sty 1(1727)
Pst 1(2067)
Sty 1(2128)
Spe 1(2155)
Sca 1(2160)
Spe 1(2161)
gag
Mun 1(2622)

Kpn 1(4812)
Asp 718 (4808)

Kpn 1 (4484)

Asp 718 (4480)

Sty 1(2665)
Sca 1(3407)
Pst 1(3497)
Sca 1(3526)
Lco RV (3633)

pol

Figure D9. The vector map of pMDLg/pRRE

pUC19

Eco R1(232)

Mlu 1(256)

RSV prom

Eco R1(541)
Xho 1(635)
Sac 1(642)

pRSV Rev

4174 bp Bam H 1 (929)

REV

pUC19+Amp R
Sca 1(2681)

Figure D10. The vector map of pRSV-REV
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CMV_promoter

AmpR

pCMV-VSV-G
6,363bp

Figure D11. The vector map of pPCMV-VSV-g
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APPENDIX E: Sequencing Results

Sequencing Data
20

]
PSIEW_63_137ZETA_CAR_PI NNNNNNNNNNCTGNNTCGCCCGGGGGGGANTGTATCTGGCGGTCCCGCGGGCCACCATGGATTGGA

equencing Data

PSIEW_63_137ZETA_CAR_PI TCTGGCGGATCCTGTTCCTCGTGGGAGCCGCCACAGGCGCCCACAGCGATATCCAGATGACCCAGA

T L T e

equencing Data

PSIEW_63_137ZETA_CAR_PI CCACCAGCAGCCTGAGCGCCAGCCTGGGCGATAGAGTGACCATCAGCTGCAGAGCCAGCCAGGACA

N .mllmuumhndu.hmu u..uh.Jmmxmh,

equencing Data
PSIEW_63_137ZETA_CAR_PI TCAGCAAGTACCTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCACA
uhmmmmulm.umhlummm.m.x VA A
equencing Data

PSIEW_63_137ZETA_CAR_PI CCAGCAGACTGCACAGCGGCGTGCCCAGCAGATTTTCTGGCAGCGGCTCCGGCACCGACTACAGCC

o W oo e oo oA e

equencing Data

PSIEW_63_137ZETA_CAR_PI TGACCATCTCCAACCTGGAACAGGAAGATATCGCTACCTACTTCTGTCAGCAAGGCAACACCCTGC

e e

equencing Data

PSIEW_63_137ZETA_CAR_PI CCTACACCTTCGGCGGAGGCACCAAGCTGGAACTGAAGAGAGGCGGCGGAGGAAGCGGAGGCGGAG

Ve VW e W Moo e

equencing Data

PSIEW_63_137ZETA_CAR_PI GATCTGGGGGAGGCGGCTCTGGCGGAGGGGGATCTGAAGTGCAGCTGCAGCAGTCTGGCCCTGGAC

equencing Data

PSIEW_63_137ZETA_CAR_PI TGGTGGCCCCAAGCCAGAGCCTGTCTGTGACCTGTACCGTGTCCGGCGTGTCCCTGCCTGACTATG

equencing Data

PSIEW_63_137ZETA_CAR_PI GCGTGTCCTGGATCAGACAGCCCCCCAGAAAGGGCCTGGAATGGCTGGGAGTGATTTGGGGCAGCG

equencing Data

PSIEW_63_137ZETA_CAR_PI AGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATCATCAAGGACAACTCCAAGAGCC

equencing Data

PSIEW_63_137ZETA_CAR_Pl AGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACACCGCCATCTACTACTGCGCCAAGCACT

equencing Data

PSIEW_63_137ZETA_CAR_PI ACTACTACGGCGGCAGCTACGCCATGGNCTACTGGGGCCAGGGCACCACCGTGACCGTGTCTAGCG

sl IO 00O 0K
Figure E1. pS-63.137.z-IEW forward sequencing results
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Sequencing Data

PSIEW_63_137ZETA_CAR_PI NNNNNNNNNNNNTCTCCNGGGGCTGCGGCCGGGATACGAACTCGTCAGTTCTTCCGCGGTTAACGG
A\

I

equencing Data

PSIEW_63_137ZETA_CAR_PI GGAGGCAGGGCCTGCATGTGCAGGGCGTCGTAGGTGTCCTTGGTGGCGGTGGACAGGCCCTGGTAC

A e oo

equencing Data

PSIEW_63_137ZETA_CAR_PI AGGCCGTCGTGGCCCTTGCCGCGTCGCCGCTCGCCCTTCATGCCGATCTCGCTGTAGGCCTCGGCC

e A A A P o

equencing Data

PSIEW_63_137ZETA_CAR_PI ATCTTGTCTTTCTGCAGTTCGTTATACAGGCCTTCCTGGGGGTTCTTCCGCCTGGGCTTGCCGCCC
e e o Y e
equencing Data

PSIEW_63_137ZETA_CAR_PI ATCTCAGGGTCCCGGCCTCTGCGCTTGTCCAGCACGTCGTATTCCTCCCGCCTGCCCAGGTTCAGC

A et S A i

equencing Data

PSIEW_63_137ZETA_CAR_PI TCGTTGTACAGCTGGTTCTGGCCCTGCTGGTAGGCAGGGGCGTCGGCGCTGCGGCTGAACTTCACT

Mot oot Mot oo i

equencing Data

PSIEW_63_137ZETA_CAR_PI CTCAGTTCACAGCCGCCTTCCTCTTCCTCGGGGAACCGGCAGCTGCAGCCGTCCTCTTCCTGGGTG
equencing Data

PSIEW_63_137ZETA_CAR_PI GTCTGCACGGGCCGCATAAAGGGCTGCTTGAAGATGTACAGCAGCTTCTTCCTGCCCCGCTTGACC

ottt i pesm R i

equencing Data

PSIEW_63_137ZETA_CAR_Pl ACGCTGAACCGCAGGGTCAGGAAGAACAGCAGAAACAGCAGGGCGGTGCTGGTCAGGGCGAGAAAA

equencing Data

PSIEW_63_137ZETA_CAR_PI AAGCTGATGATGTCCAGGCCCCTGGTATGCACAGCTCCGCCAGCAGCAGGTCTAGAAGCCTCGGGC

equencing Data

pSIEW_63_137ZETA_CAR_PI CTCAGAGACAGAGGCTGGCTGGCGATTGTAGGGGCTGGGGGTAGGAGGTCTAGGGGCAGGGGTTGT

equencing Data

PSIEW_63_137ZETA_CAR_Pl GGTAGGCTTGGCGGGCAGAAACACGGGCACGAAGTGGCTGAAGTACATGATGCTGTTGCTCAGGGC

A‘A&.‘“ 00200030000 ol 0000000000000/ X

equencing Data

PSIEW_63_137ZETA_CAR_PI CAGGTCCTCTTCGGAGATCAGCTTCTGCTCGCTAGACACGGTCACGGTGGTGCCCTGGNCCCAGTA

equencing Data

PSIEW_63_137ZETA_CAR_PI GTCCATGGGCGTAGCTGCCGCCGTAGTAGTAGTGCTTNGCGCAGTAGTAGATGGGCGGTGTCGTCG

> v A A Nond
equencing Data
240 0 E=

1 1 1
PSIEW_63_137ZETA_CAR_PI GTCTGCNNNTGNNATCNTTCAGNAACACCTNNNTCNTNNNTTGTCCCTTGATGATGGTCANCNGGG

Figure E2. pS-63.137.z-IEW reverse sequencing results
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PSIEW_63_28ZETA_CAR_Pla NNNNNNNNNNNNNNNTG

L AAVIVIS'AS' IS LSRR JX SAVAR VA RBRY \ A
iequendng Data

PSIEW_63_28ZETA_CAR_Pla

Lol .8 o WA Sk o ol L = adabale, L
iequendng Data

PSIEW_63_287ETA_CAR Pla GACATCAGCAAGIACCTGAACTGGTATCAGCAGAAACCCGACGGCACCGIGAAGCTGCIGATCTAC
Wttt ot o) W)

iequendng Data

PSIEW_53_287ETA CAR Pla AGCCTGACCATCTCCAACCTGGAACAGGAAGATATCGCTACCTACTTCTGICAGCAAGGCAACACT

iequendﬂg Data
W\l A“M‘“AJOMA“AMA“ A el ..A._A.AA.“MA.

equencing Data
pSIEW_63_28ZETA_CAR_Pla

PSIEW_63_28ZETA_CAR Pla

g N N\ AN A WA I AL N LALIL ADANN S ALALS SNANETLV,N
iequendng Data

PSIEW_63_28ZETA_CAR_Pla

A A AALONALA LA LISA ool = ML A
iequendng Data

PSIEW_63_28ZETA_CAR_Pla

equencing Data

PSIEW_63_28ZETA_CAR_Pla CACTACTACTACNGCGGCAGCTACGCCATGGACTACTGGGGGCCAGGGCACCACCGTGACCGTGTC

equencing Data

I
PSIEW_63_28ZETA_CAR_Pla TAGCGAGCAGAAAGCTGATCTCCGAANAGGACCTGGGCCCTGAGCAACAGCATCATGTACTTTCAG

Figure E3. pS-63.28.z-IEW forward sequencing results
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Sequencing Data

PSIEW_63_28ZETA_CAR_Pla NNNNNNNNNNNNNNTCNCCAGGGGCTGCGGCCGGGAATACGAACTCGTCAGTTCTTCCGCGGTTAG

equencing Data

PpSIEW_63_28ZETA_CAR_Pla GGCCGGCTTATCTAGGTGGCAGAGCCTGCATGTGCAGGGCGTCGTAGGTGTCCTTGGTGGCGGTGC

I

equencing Data

PSIEW_63_28ZETA_CAR_Pla TCAGGCCCTGGTACAGGCCGTCGTGGCCCTTGCCTCTTCTCCGCTCGCCCTTCATGCCGATCTCGC

oW o A A A A A

equencing Data

PSIEW_63_28ZETA_CAR_Pla TGTAGGCCTCGGCCATCTTGTCTTTCTGCAGTTCGTTATACAGGCCTTCCTGGGGGTTCTTCCGTC

WMot ot

equencing Data

PSIEW_63_28ZETA_CAR_Pla TGGGCTTGCCGCCCATCTCAGGGTCCCGGCCTCTTCTCTTGTCCAGCACGTCGTATTCCTCCCGTC

O e e

equencing Data

PSIEW_63_28ZETA_CAR_Pla TGCCCAGGTTCAGCTCGTTGTACAGCTGGTTCTGGCCCTGCTGATAGGCAGGGGCGTCGGCGGATC

ittt

equencing Data

pSIEW_63_28ZETA_CAR Pla TGCTGAACTTCACTCTGGACCGGTAGGCGGCGAAATCTCTAGGAGGGGCGTAGGGCTGGTAGTGCT

A o W s MMJ.‘MAAAMIM ol

equencing Data

PSIEW_63_28ZETA_CAR Pla TTCTGGTGGGGCCAGGCCGTCTGGGGGTCATGTTCATGTAGTCGGAGTGCAGCAGCCGGCTTCTCT

equencing Data

PpSIEW_63_28ZETA_CAR_Pla TGCTGCGGACCCAAAAGATGATGAAGGCCACGGTGACCAGCAGGCTGTAACAGGCCAGCACGCCGC

equencing Data

PSIEW_63_28ZETA_CAR_Pla CGACCACGACCAGCACCCAGAAGGGCTTGTCCAGGCCCCTGGTATGCACAGCTCCGCCAGCAGCAG

Figure E4. pS-63.28.z-IEW reverse sequencing results
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Sequencing Data

PSIEW_63ZETA_CAR_Plasmi INNNNNNNNNNNAGANTGNGTCGCCCGGGGGGGANCTGTATCTGGCGGTCCCGCGGGCCACCATGGA

equencing Data

PSIEW_63ZETA_CAR_Plasmi TTGGATCTGGCGGATCCTGTTCCTCGTGGGAGCCGCCACAGGCGCCCACAGCGATATCCAGATGAC

L’A\nhuUAMA‘uMHnmAuluA Jnml AW VW J!\

equencing Data

PSIEW_63ZETA_CAR_Plasmi CCAGACCACCAGCAGCCTGAGCGCCAGCCTGGGCGATAGAGTGACCATCAGCTGCAGAGCCAGCCA

0 ll“l‘AAl\Al‘llfA‘l“lAll‘ll‘lAﬁl{Aﬁll‘”ﬂAA‘AAAA“lAAWAA‘AA““

equencing Data

pSIEW_63ZETA_CAR_Plasmi GGACATCAGCAAGTACCTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTA

Al l”l‘AAlAAll_ll‘lﬂﬂl‘lllﬁ‘AAAlAAqﬂﬁ‘l‘l A A WAV

equencing Data

PSIEW_63ZETA_CAR_Plasmi CCACACCAGCAGACTGCACAGCGGCGTGCCCAGCAGATTTTCTGGCAGCGGCTCCGGCACCGACTA

|
MW\ AAAAAAAAAllA‘A AAAIAAA‘AA‘ Al .flAAAllllt AW

equencing Data
pSIEW_63ZETA_CAR_Plasmi CAGCCTGACCATCTCCAACCTGGAACAGGAAGATATCGCTACCTACTTCTGTCAGCAAGGCAACAC

A ‘ hf f‘\ | ) N\

equencing Data

PSIEW_63ZETA_CAR_Plasmi CCTGCCCTACACCTTCGGCGGAGGCACCAAGCTGGAACTGAAGAGAGGCGGCGGAGGAAGCGGAGG

/\n [\ \F\/\

equencing Data

pSIEW_63ZETA_CAR_Plasmi CGGAGGATCTGGGGGAGGCGGCTCTGGCGGAGGGGGATCTGAAGTGCAGCTGCAGCAGTCTGGCCC

oo M st

equencing Data

PSIEW_63ZETA_CAR_Plasmi TGGACTGGTGGCCCCAAGCCAGAGCCTGTCTGTGACCTGTACCGTGTCCGGCGTGTCCCTGCCTGA

equencing Data

PSIEW_63ZETA_CAR_Plasmi CTATGGCGTGTCCTGGATCAGACAGCCCCCCAGAAAGGGCCTGGAATGGCTGGGAGTGATTTGGGG

equencing Data

PSIEW_63ZETA_CAR_Plasmi CAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATCATCAAGGACAACTCCAA

equencing Data

pSIEW_63ZETA_CAR_Plasmi GAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACACCGCCATCTACTACTGCGCCAA

Figure ES. pS-63.z-IEW forward sequencing results
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Sequencing Data

PSIEW_63ZETA_CAR_Plasmi NNNNNNNGNGNNNTCTCCAGGGGCTGCGGCCGGGATACGAACTCGTCAGTTCTTCCGCGGTTAACG
N\

equencing Data

PSIEW_63ZETA_CAR_Plasmi GGGAGGCAGGGCCTGCATGTGCAGGGCGTCGTAGGTGTCCTTGGTGGCGGTGGACAGGCCCTGGTA

equencing Data

PSIEW_63ZETA_CAR_Plasmi CAGGCCGTCGTGGCCCTTGCCGCGTCGCCGCTCGCCCTTCATGCCGATCTCGCTGTAGGCCTCGGC

equencing Data

PSIEW_63ZETA_CAR_Plasmi CATCTTGTCTTTCTGCAGTTCGTTATACAGGCCTTCCTGGGGGTTCTTCCGCCTGGGCTTGCCGCC

equencing Data

PSIEW_63ZETA_CAR_Plasmi CATCTCAGGGTCCCGGCCTCTGCGCTTGTCCAGCACGTCGTATTCCTCCCGCCTGCCCAGGTTCAG

equencing Data

PSIEW_63ZETA_CAR_Plasmi CTCGTTGTACAGCTGGTTCTGGCCCTGCTGGTAGGCAGGGGCGTCGGCGCTGCGGCTGAACTTCAC

equencing Data

PSIEW_63ZETA_CAR_Plasmi TCTCAGGAACAGGGCGGTCAGGATCACGCCGTAGATGAACAGGATGCCGTCCAGCAGGTAGCACAG

e

equencing Data

PSIEW_63ZETA_CAR_Plasmi CTTGGGGTCCAGGCCCCTGGTATGCACAGCTCCGCCAGCAGCAGGTCTAGAAGCCTCGGGCCTCAG

|Sequencing Data

PSIEW_63ZETA_CAR_Plasmi AGACAGAGGCTGGCTGGCGATTGTAGGGGCTGGGGGTAGGAGGTCTAGGGGCAGGGGTTGTGGTAG

u

PSIEW_63ZETA_CAR_Plasmi GCTTGGCGGGCAGAAACACGGGCACGAAGTGGCTGAAGTACATGATGCTGTTGCTCAGGGCCAGGT
N

ISequencing Data

PpSIEW_63ZETA_CAR_Plasmi CCTCTTCGGAGATCAGCTTCTGCTCGCTAGACACGGTCACGGTGGTGCCCTGGCCCCAGTAGTCCA
A

equencing Data

PSIEW_63ZETA_CAR_Plasmi TGGCGTAGCTGCCGCCGTAGTAGTAGTGCTTGGCGCAGTAGTAGATGGCGGTGTCGTCGGTCTGEN

Figure E6. pS-63.z-IEW reverse sequencing results
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APPENDIX F: Amino acids Letters

Figure F1. List of amino acids
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Amino acid 3 - letter code 1 - letter
code

Alanine Ala A
Arginine Arg R
Asparagine  |Asn N
Aspartate Asp D
Cysteine Cys C
Glutamine Gln Q
Glycine Gly G
Glutamate Glu E
Histidine His H
Isoleucine Ile [
Leucine [Leu L
Lysine Lys K
Methionine [Met M
Phenylalanine|Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan  [Trp W
Tyrosine Tyr Y
Valine Val \%
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